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‘ % INTRODUCTION TO RISK MANAGEMENT #2

+* Introduction

e The term “derivative” encompasses any financial instrument, the value of
which is derived from the price of some underlying asset, index or rate.

e Originally based on commodities, the range and usage of these
instruments have increased dramatically to the extent that they now cover
a wide range of financial products (e.g. equities and bonds), money rates
(e.g. interest and exchange rates), indices (e.g. equity and commodity
indices) as well as “soft” commodities (e.g. coffee, sugar, cocoa, wheat,
barley), precious and base metals, electricity, gas, oil, weather and other
energy products.

e Whether transacted on a regulated exchange or on any other form of
multilateral trading platform or bilaterally over-the-counter (that is, off-
exchange), derivatives today are increasingly being used - and used
successfully - by growing numbers of corporates, financial institutions,
building societies, insurance companies, commodity groups, fund
managers and other organizations.

e Whether the purpose of trading is to hedge against future adverse price
movements in respect of underlying assets and/or portfolios, manage
interest rate or exchange rate risks, or take positions with a view to
improving profits, derivatives are and will continue to play an important
and internationally recognized role in the world’s trading and financial
systems.
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+» Risk Management of Financial Derivatives

e Ingeneral terms, risk can be defined as anything that can impede an organization
from achieving its strategic objectives. It encompasses not only some of the more
predictable threats or hazards that an organization may face, but also the failure
to maximize opportunity or address the uncertainty of results not being as
expected - and is endemic in all forms of commercial or trading activity.

e In order to address risk in an efficient and effective manner, the organization
should:

o identify, on a continuing basis, all the risks relating to its activities, including
derivatives trading activities;

o determine its appetite for risk based on the above identification of risks,
i.e. which risks it is prepared to accept and which risks it is not prepared to
accept;

o develop effective and well-understood policies for defining the context,
scope and objectives for managing risk;

o develop specific responsibilities for implementing those policies;

o establish procedures for measuring, managing, mitigating and reporting on
risk across the organization on an ongoing basis, particularly market risk,
credit risk, operational risk and legal risk.

1 Upside Risk

A short forward position taken without an offsetting long physical position
in the underlying commodity is said to have upside risk. This means the trader is
speculating that the price of the commodity will decline.
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"1 Downside Risk

A long forward position taken without an offsetting short physical position
in the underlying commodity is said to have downside risk. This means the trader
is speculating that the price of the commodity will increase.

+» Commodity Price Risk

e If we look at the legal definition of a commodity, it is defined as ‘a tangible item
that may be bought or sold; something produced for commerce’.

e Therefore, commodities are considered to be marketable goods or wares, such
as raw or partially processed materials, farm products, or even jewellery.
Intangibles, such as human labour, services, or marketing & advertising, are
typically not considered to be commodities.

e Commodity price risk is the financial risk on an entity’s financial
performance/profitability upon fluctuations in the prices of commodities that
are out of the control of the entity since they are primarily driven by external
market forces.

1 A fall in commodity prices can:

e Decrease sales revenue for producers, potentially decreasing the value of the
organization, and/or lead to change in business strategy

® Reduce or eliminate the viability of production — mining and primary producers
may alter production levels in response to lower prices
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Decrease input costs for businesses consuming such commodities, thus
potentially increasing profitability, which in turn can lead to an increase in value
of the business

A rise in commodity prices can:

Increase sales revenue for producers if demand is not impacted by the price
increase. This in turn can lead to an increase in the value of the business.
Increase competition as producers increase supply to benefit from price
increases and/or new entrants seek to take advantage of higher prices

Reduce profitability for businesses consuming such commaodities (if the business
is unable to pass on the cost increases in full), potentially reducing the value of
the organization.

Interest Rate Risk

Interest rate risk is the risk to earnings or capital arising from movements in
interest rates.

The economic (capital) perspective focuses on the value of the bank in today’s
interest rate environment and the sensitivity of that value to changes in interest
rates.

Interest rate risk arises from differences between the timing of rate changes and
the timing of cash flows (repricing risk).
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<+ Approaches to Risk Management

e Typically, a dealer or active position- taker=s determination of the credit risk add-
on will take one of two approaches: (1) transaction level or (2) portfolio level.
These approaches are described below:

1) Transaction-Level Approach

e The transaction-level approach computes either peak or average potential credit
exposure.

® Peak exposure is measured as the largest historical price movement or a
statistically remote outcome such as a two- or three-standard-deviation price
move.

e |t can be derived from a series of possible outcomes, each with a probability of
occurrence.

e The mean of these probability-weighted outcomes is the average exposure. Peak
exposure reflects a more conservative assessment of potential credit risk; bank
management should be prepared to justify the use of average exposure in
calculating the credit risk add-on.

e The transaction-level approach treats derivatives individually and presumes the
total exposure in the portfolio to be the sum of the potential exposures for each
transaction.
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2) Portfolio Approach

® Because the transaction-level approach ignores portfolio offsets or the
probability that all transactions will not be at the peak or average exposure at
the same time, it overstates the risk in the aggregate portfolio. Therefore, some
banks use the portfolio approach to measure potential credit exposure.

e The portfolio approach uses simulation modeling to calculate exposures through
time for each counterparty.

e For example, the master agreement may specify that a default on any one
transaction is considered a default on all transactions by the counterparty.

e Accordingly, when netting is allowed, the expected exposure (close-out) amount
is the net of all positive and negative replacement costs with each counterparty.

22 INTRODUCTION TO DERIVATIVES

+* Introduction

e The term “Derivative” indicates that it has no independent value, i.e., its value
is entirely derived from the value of the underlying asset. The underlying asset
can be securities, commodities, bullion currency, livestock or anything else.

e In other words, derivative means forward, futures, option or other hybrid
contract of predetermined fixed duration, linked for the purpose of contract
fulfilment to the value of a specified real or financial asset or to an index of
securities.

® The Securities Contracts (Regulation) Act 1956 defines “derivative” as under:
“Derivative” includes:
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. Security derived from a debt instrument, share, loan whether secured or
unsecured, risk instrument or contract for differences or any other form of
security.

. A contract which derives its value from the prices, or index of prices of underlying
securities.

The above definition conveys that:

. The derivatives are financial products.

2. Derivative is derived from another financial instrument/contract called the

underlying.

In the case of Nifty futures, Nifty index is the underlying. A derivative derives its
value from the underlying assets.

. Accounting Standard SFAS 133 defines a derivative as, ‘a derivative instrument
financial derivative or other contract with all three of the following
characteristics:

i. Ithas (1) one or more underlying, and (2) one or more notional amount or
payments provisions or both. Those terms determine the amount of the
settlement or settlements.

ii. It requires no initial net investment or an initial net investment that is
smaller than would be required for other types of contract that would be
expected to have a similar response to changes in market factors

iii. Its terms require or permit net settlement. It can be readily settled net by
means outside the contract or it provides for delivery of an asset that puts
the recipients in a position not substantially different from net settlement.
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The term “financial derivative” relates with a variety of financial instruments
which include stocks, bonds, treasury bills, interest rate, foreign currencies and
other hybrid securities.

Financial derivatives include futures, forwards, options, swaps, etc.

Futures contracts are the most important form of derivatives, which are in
existence long before the term ‘derivative’ was coined.

Financial derivatives can also be derived from a combination of cash market
instruments or other financial derivative instruments.

In fact, most of the financial derivatives are not revolutionary new instruments
rather they are merely combinations of older generation derivatives and/or
standard cash market instruments.

In brief, the term financial market derivative can be defined as a treasury or
capital market instrument which is derived from, or bears a close relation to a
cash instrument or another derivative instrument.

Hence, financial derivatives are financial instruments whose prices are derived
from the prices of other financial instruments.

Spot Market

Spot markets are direct markets for primary assets, such as foreign exchange or
equity. The assets are traded immediately at the time of the transaction.

Spot trading is the most original form of trading, but it has some disadvantages.
The timing is not flexible, traders have to deal with the physical delivery of the
traded assets (such as commodities) and the interest rate spot market is affected
by the counterparty default risk.

For these reasons, derivative markets have become more important than spot
markets in some cases.

Derivatives Market
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e Derivatives can either be exchange-traded or traded over the counter (OTC).

e Exchange refers to the formally established stock exchange wherein securities
are traded and they have a defined set of rules for the participants.

® Whereas OTC is a dealer-oriented market of securities, which is an unorganized
market where trading happens by way of phone, emails, etc.

e Derivative traded on the exchange are standardized and regulated.

e Onthe other hand, OTC derivative constitutes a greater proportion of derivatives
contracts, but it carries higher counterpart risk and is unregulated.

e These financial instruments help in making a profit by simply betting on the
future value of the underlying asset.

+ Difference between Cash and Derivative Market:

e |n cash market, we can purchase even one share whereas in case of futures and
options the minimum lots are fixed

® In cash market tangible assets are traded whereas in derivatives contracts based
on tangible or intangible assets are traded.

e Cash market is used for investment. Derivatives are used for hedging, arbitrage
or speculation.

® In case of cash market, a customer must open a trading and demat account
whereas for futures a customer must open a future trading account with a
derivative broker.

® In case of cash market, the entire amount is put upfront whereas in case of
futures only the margin money needs to be put up.

e When an individual buys shares, he becomes part owner of the company
whereas the same does not happen in case of a futures contract.

® |n case of cash market, the owner of shares is entitled to the dividends whereas
the derivative holder is not entitled to dividends.

< Participants in the Derivative Market
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The participants in the derivative markets can be segregated into three
categories namely:

1) Hedgers

® These are traders who wish to protect themselves from the risk or uncertainty
involved in price movement.

e They try to hedge their position by entering into an exact opposite trade and pass

the risk to those who are interested to bear the same.

By doing this they try to get rid of the uncertainty associated with the price.

For example, you have 1000 shares of XYZ Ltd. and the CMP is Rs 50.

You are planning to hold the stocks for 6-9 months and you expect a good upside.

However, in the short term, you feel that the stock might see a correction but

you do not want to liquidate your position today as you are expecting a good

upside in the near term.

e For example, you can enter into an options contract (a part of the derivative
strategy) by paying a small price or premium and reduce your losses.

e Moreover, it would help you benefit whether or not the price falls. This is how

you can hedge your risk and transfer it to someone who is willing to take the risk.

2) Speculators

e They are extremely high-risk seekers who anticipate future price movement in
the hope of making large and quick gains.

e The motive here is to take maximum advantage of the price fluctuations.

e They play a very key role in the market by absorbing excess risk and also provide
much-needed liquidity in the market when normal investors don’t participate.

3) Arbitrageurs

10
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® Arbitrage is a low-risk trade which involves buying of securities in one market
and simultaneous selling it in another market.

e This happens when same securities are trading at different prices in two different
markets.

e Forinstance, say the cash market price of a share is Rs 100 and it is trading at Rs
110 per share on the futures market.

® An arbitrageur observes the same and bought 50 shares @ Rs 100 per share in
the cash market and simultaneously sells 50 shares @Rs 110 per share, thus
gaining Rs 10 per share.

0

+ Derivative Instruments

The most popularly used derivatives contracts are Forwards, Futures,
Options and Swaps, which we shall discuss in detail later. Here we take a brief
look at various derivatives contracts that have come to be used.

1. Forwards

e A forward contract is a customized contract between two entities, where
settlement takes place on a specific date in the future at today’s pre-agreed
price.

e The rupee-dollar exchange rates is a big forward contract market in India with
banks, financial institutions, corporate and exporters being the market
participants.

2. Futures

11
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A futures contract is an agreement between two parties to buy or sell an asset at
a certain time in the future at a certain price.

Futures contracts are special types of forward contracts in the sense that the
former are standardized exchange-traded contracts.

Unlike forward contracts, the counterparty to a futures contract is the clearing
corporation on the appropriate exchange.

Futures often are settled in cash or cash equivalents, rather than requiring
physical delivery of the underlying asset.

Parties to a Futures contract may buy or write options on futures.

. Options

An option represents the right (but not the obligation) to buy or sell a security or
other asset during a given time for a specified price (the “strike price”).

Options are of two types - calls and puts.

Calls give the buyer the right but not the obligation to buy a given quantity of the
underlying asset, at a given price on or before a given future date.

Puts give the buyer the right, but not the obligation to sell a given quantity of the
underlying asset at a given price on or before a given date.

. Swaps

Swaps are private agreements between two parties to exchange cash flows in
the future according to a prearranged formula. They can be regarded as
portfolios of forward contracts.

Swaps generally are traded OTC through swap dealers, which generally consist
of large financial institution, or other large brokerage houses.

12
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e There is a recent trend for swap dealers to mark to market the swap to reduce
the risk of counterparty default.
e The two commonly used swaps are:

i. Interest Rate Swaps: These entails swapping only the interest related cash
flows between the parties in the same currency.

ii. Currency Swaps: These entail swapping both principal and interest
between the parties, with the cash flows in one direction being in a
different currency than those in the opposite direction. Swaps may involve
cross-currency payments (U.S. Dollars vs. Mexican Pesos) and cross market
payments, e.g., U.S. short-term rates vs. U.K. short-term rates.

¢ Functions/Use of Derivatives

] Risk Management

e Thisis mostimportant function of derivatives. Risk management is not about the
elimination of risk rather it is about the management of risk.

e Financial derivatives provide a powerful tool for limiting risks that individuals and
organizations face in the ordinary conduct of their businesses.

e |t requires a thorough understanding of the basic principles that regulate the
pricing of financial derivatives.

e Effective use of derivatives can save cost, and it can increase returns for the
organizations.

] Price Discovery

13
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e The futures and options market provide an important function of price discovery.

e The individuals with better information and judgment are liable to participative
in these markets to take advantage of such information.

e When some new information arrives, possibly some good news about the
economy, for instance, the actions of speculators quickly feed their information
into the derivatives markets causing changes in prices of the derivatives.

® As these markets are usually the first ones to react because the transaction cost
is much lower in these markets than in the spot market.

e Therefore, these markets indicate what is likely to happen and thus assist in
better price discovery.

1 Efficiency in Trading

e Derivative instruments allow for free trading of risk components and that leads
to improving market efficiency.

e Usually derivative traders enter in derivative contract as an option for a position
in underlying asset.

® In many occasions, traders find financial derivatives instrument to be a very
attractive instrument than the underlying asset.

e This is mainly because of the greater amount of liquidity in the market offered
by derivatives as well as the lower transaction costs associated with trading a
financial derivative as compared to the costs of trading the underlying assets in
equity cash market.

] Speculation and Arbitrage

14
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e Derivatives can be used to obtain
risk, rather than L@l@ DERIVATIVES MARKET # to hedge against

risk.

e Various traders enter into a
derivative market to speculate on the price of the underlying asset.

e Speculators appear to purchase an asset in the future at a low price according to
a derivative contract when the future market price is high, or to sell an asset in
the future at a high price according to derivative contract when the future
market price is low.

e Investors or traders may also look for arbitrage opportunities, as when the
current buying price of an asset falls under the price specified in a futures
contract to sell the asset.

1 Other Functions

e The other uses of derivatives are that the derivatives have smoothen out price
fluctuations, compress the price spread, incorporate price structure at different
points of time and take out gluts and deficiency in the markets.

e The derivatives also assist the investors, traders and managers of huge pools of
funds to device such strategies so that they may make appropriate asset share
raise their yields and achieve other investment targets.

15
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<+ History of Derivative Markets

e History of financial markets is replete with crises. such as the breakdown of the
fixed exchange rate system in 1971 and the Black Monday of October 1987 in US
Markets, the steep fall in the Nikkei in 1989. the bond debacle of 1994 in US.

e All these events occur because of very high degree of volatility of financial
markets and their unpredictability.

e With increased global integration of markets, such disasters have become more
frequent.

e Since such volatility and associated disasters cannot be wished away, innovative
financial instruments emerged to protect against these hazards.

® These included Futures and Options, which are the most dominant forms of
financial derivatives.

e They are called derivatives because their prices depend on the values of other
more basic underlying financial instruments.

e For example, the price of a stock option depends on the value of the underlying
stock; a commodity futures price depends on the value of the underlying
commodity and so on.

e These derivatives provide a mechanism, which market participants use to hedge
their positions against adverse movement of variables over which they have no
control.

e Financial derivatives came into the spotlight along with the growing instability in
current markets during the post-1970 period, when the US announced its
decision to give up gold-dollar parity, the basic king pin of the Bretton Woods
System of fixed exchange rates.

e Inless than three decades of their emergence, derivatives markets have become
an integral part of modern financial system.

16
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The Indian financial markets took a giant leap ahead with the introduction of
derivatives trading on the stock exchanges.

The derivatives trading in India commenced with the introduction of index
futures in June 2000.

The advent of stock futures and options in 2001 resulted in a dramatic increase
in the volumes of derivatives.

In less than five years, the volumes in the Futures and Options segment rose
more than that of the cash market.

Since then, the volumes in the F&O segment have witnessed huge growth.
Currently, the volumes in F&O are consistently around four to five times more
than the cash market volumes.

Derivatives trading commenced in India in June 2000 after SEBI granted the final
approval to this effect in May 2000.

SEBI permitted the derivative segments of two stock exchanges, viz NSE and BSE,
and their clearing house/corporation to commence trading and settlement in
approved derivative contracts.

To begin with, SEBI approved trading in index futures contracts based on S&P
CNX Nifty Index and BSE-30 (Sensex) Index.

This was followed by approval for trading in options based on these two indices
and options on individual securities.

The trading in index options commenced in June 2001 and those in options on
individual securities commenced in July 2001.

Futures contracts on individual stock were launched in November 2001.

17
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« Derivative Exchanges

In India there are various types of derivatives markets are there like Equity,
commodity, Forex etc. and to cater different demands about these products
there are different exchanges are there. Details of various exchanges are as
below:

] National Stock Exchange (NSE)

e The derivatives trading on the exchange commenced with S&P CNX Nifty Index
futures on June 12,2000.

e The trading in index options commenced on June 4, 2001 and trading in options
on individual securities commenced on July 2, 2001.

e Single stock futures were launched on November 9, 2001.

e The index futures and options contract on NSE are based on S&P CNX Nifty Index.

e Currently, the futures contracts have a maximum of 3-month expiration cycles.

] Bombay Stock Exchange (BSE)

e Bombay Stock Exchange Limited (the Exchange) is the oldest stock exchange in
Asia with a rich heritage.

e Popularly known as "BSE", it was established as "The Native Share & Stock
Brokers Association" in 1875.

e It is the first stock exchange in the country to obtain permanent recognition in
1956 from the Government of India under the Securities Contracts (Regulation)
Act, 1956.

® The Exchange's pivotal and pre-eminent role in the development of the Indian
capital market is widely recognized and its index, SENSEX, is tracked worldwide.

18
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BSE created history on June 9, 2000 by launching the first Exchange traded Index
Derivative Contract i.e. futures on the capital market benchmark index - the BSE
Sensex.

The inauguration of trading was done by Prof. J.R. Varma, member of SEBI and
chairman of the committee responsible for formulation of risk containment
measures for the Derivatives market.

In the sequence of product innovation, the exchange commenced trading in
Index Options on Sensex on June 1,2001.

Stock options were introduced on 31 stocks on July 9, 2001 and single stock
futures were launched on November 9, 2002.

September 13, 2004 marked another milestone in the history of Indian Capital
Markets, the day on which the Bombay Stock Exchange launched Weekly
Options, a unique product unparallel in derivatives markets, both domestic and
international.

BSE permitted trading in weekly contracts in options in the shares of four leading
companies namely Reliance, Satyam, State Bank of India, and Tisco in addition to
the flagship index-Sensex.

Commodity Exchange in India

Commodity markets have existed in India for a long time. While the
implementations of the Kabra committee recommendations were rather slow.
Today, the commodity derivative market in India seems poised for a
transformation.

National level commodity derivatives exchanges seem to be the new
phenomenon.

The Forward Markets Commission accorded in principle approval for the
following national level multi commodity exchanges.

19
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® The increasing volumes on these exchanges suggest that commodity markets in
India seem to be a promising game.
o National Board of Trade
o Multi Commodity Exchange of India (MCX)
o National Commodity & Derivatives Exchange of India (NCDX)

< Trading System

e A future trading is an important economic activity for the development of an
economy.

e Being the first form of derivatives trading, it is a specialized field which requires
professional expertise and adequate knowledge in this area.

e To be asuccessful market operator (as a speculator, arbitrageur, trader, investor
or hedger) one must have adequate information and proper understanding of
the functioning of the futures markets.

® These are essential to make evaluation of derivatives products in terms of their
prices and values so that the market participants can select them as per their
objectives.

e Futures are useful to the market participants only if futures prices reflect
information about the prices of the underlying assets.

e That is why it is essential to understand how futures markets work and how the
prices of futures contracts relate to the spot prices.

] Futures and Options Trading System

e The futures & options trading system of NSE, called NEAT-F&O trading system,
provides a fully automated screen-based trading for Nifty futures & options and
stock futures & options on a nationwide basis as well as an online monitoring
and surveillance mechanism.

20
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It supports an order driven market and provides complete transparency of
trading operations.
It is similar to that of trading of equities in the cash market segment.

Entities in the Trading System

. Trading members:

Trading members are members of NSE. They can trade either on their own
account or on behalf of their clients including participants.

The exchange assigns a trading member ID to each trading member.

Each trading member can have more than one user.

The number of users allowed for each trading member is notified by the
exchange from time to time.

Each user of a trading member must be registered with the exchange and is
assigned a unique user ID.

The unique trading member ID functions as a reference for all orders/traders of
different users.

This ID is common for all users of a particular trading member.

. Clearing members:

Clearing members are members of NSCCL.

They carry out risk management activities and confirmation/inquiry of trades
through the trading system.

21
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Professional clearing members:

A professional clearing member is a clearing member who is not a trading
member.

Typically, banks and custodians become professional clearing members and clear
and settle for their trading members.

. Participants:

A participant is a client of trading members like it financial institutions.
These clients may trade through multiple trading members but settle through a
single clearing member.

Types of Traders

Traders play a vital role in the futures markets by providing liquidity.

While futures are designed primarily to assist hedgers in managing their
exposure to price risk, the market would not be possible without the
participation of traders, or speculators, who provide a fluid market of

buyers and sellers.

Speculators provide the bulk of market liquidity, which allows the hedger to
enter and exit the market in a more efficient manner.

22
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1 Hedgers

® These are investors with a present or anticipated exposure to the underlying
asset which is subject to price risks. Hedgers use the derivatives markets
primarily for price risk management of assets and portfolios.

e Example: An importer has to pay US S to buy goods and rupee is expected to fall
to Rs.50/S from Rs.48/S, then the importer can minimize his losses by buying a
currency future at Rs.49/S.

'] Speculators

e These are individuals who take a view on the future direction of the markets.

e They take a view whether prices would rise or fall in future and accordingly buy
or sell futures and options to try and make a profit from the future price
movements of the underlying asset.

e Example: If you will the stock price of Reliance is expected to go up to Rs.400 in
1 month, one can buy a 1-month future of Reliance at Rs.350 and make profits.

'] Arbitragers

® These are the third important participants in the derivatives market.

e They take positions in financial markets to earn risk less profits.

e The arbitragers take short and long positions in the same or different contracts
at the same time to create a position which can generate a risk less profit.

e Example: A futures price is simply the current price plus the interest cost. If there
is any change in the interest, it presents an arbitrage opportunity.

23

Financial Derivatives MBA Sem. ll|



SHREE H. N. SHUKLA COLLEGE OF MANAGEMENT STUDIES, RAJKOT

+* Clearing and Settlement System
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e National Securities Clearing Corporation Limited (NSCCL) undertakes clearing
and settlement of all trades executed on the futures and options (F&O) segment
of the NSE.

e |t also acts as legal counterparty to all trades on the F&O segment and
guarantees their financial settlement.

® In order to encourage an institutional market where large volume trades come
up for settlement in jumbo lots, two exclusive additional market segments, the
institutional lot segment and trade-for-trade segment have been set up.

e NSE has an order driven system, which allows members to undertake jobbing in
securities of their choice.

e Several members undertake jobbing on account of the cease of entry and exit,
and narrow margins which results in improved liquidity and reduced transaction
costs.

] Clearing Entities

e A Clearing Member (CM) of NSCCL has the responsibility of clearing and
settlement of all deals executed by Trading Members (TM) on NSE, who clear and
settle such deals through entities.

e Clearing and settlement activities in the F&O segment are undertaken by NSCCL
with the help of the following entities:

1. Clearing Members
® In the F&O segment, some members, called self-clearing members, clear and
settle their trades executed by them only either on their own account or on

account of their clients.

e Some others called trading member-cum-clearing member, clear and settle their
own trades as well as trades of other trading members (TMs).

25
Financial Derivatives MBA Sem. ll|



SHREE H. N. SHUKLA COLLEGE OF MANAGEMENT STUDIES, RAJKOT

e Besides, there is a special category of members, called professional clearing
members (PCM) who clear and settle trades executed by TMs.

e The members clearing their own trades and trades of others, and the PCMs are
required to bring in additional security deposits in respect of every TM whose
trades they undertake to clear and settle.

® Primarily, the CM performs the following functions:

i. Clearing
ii. Settlement
iii. Risk Management

2. Clearing Banks

e Funds settlement takes place through clearing banks.

e For the purpose of settlement all clearing members are required to open a
separate bank account with NSCCL designated clearing bank for F&O segment.

e Every Clearing Member is required to maintain and operate clearing accounts
with any of the empaneled clearing banks at the designated clearing bank
branches.

e The clearing accounts are to be used exclusively for clearing & settlement
operations.

] Clearing Mechanism
® The clearing mechanism essentially involves working out open positions and

obligations of clearing (self-clearing/trading-cum-clearing/professional clearing)
members.

e This position is considered for exposure and daily margin purposes.
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The open positions of Clearing members (CMs) are arrived at by aggregating the
open positions of all the trading members (TMs) and all custodial participants
clearing through him, in contracts in which they have traded.

A TM’s open position is arrived at as the summation of his proprietary open
position and clients’ open positions, in the contracts in which he has traded.
While entering orders on the trading system, TMs are required to identify the
orders, whether proprietary (if they are their own trades) or client (if entered on
behalf of clients) through ‘Pro/Cli’ indicator provided in the order entry screen.
Proprietary positions are calculated on net basis (buy - sell) for each contract.
Clients’ positions are arrived at by summing together net (buy - sell) positions of
each individual client.

Example: Given from Table 11.1 to Table 11.4. The proprietary open position on
day 1is simply = Buy - Sell = 200 - 400 = 200 short. The open position for client A
= Buy (O) - Sell (C) =400 — 200 = 200 long, i.e. he has a long position of 200 units.
The open position for Client B = Sell (O) — Buy(C) = 600 — 200 = 400 short, i.e. he
has a short position of 400 units. Now the total open position of the trading
member Mr. X at end of day 1 is 200 (his proprietary open position on net basis)
plus 600 (the Client open positions on gross basis), i.e. 800.

The proprietary open position at end of day 1 is 200 short. The end of day open
position for proprietary trades undertaken on day 2 is 200 short. Hence the net
open proprietary position at the end of day 2 is 400 short. Similarly, Client A’s
open position at the end of day 1 is 200 long. The end of day open position for
trades done by Client A on day 2 is 200 long. Hence the net open position for
Client A at the end of day 2 is 400 long. Client B’s open position at the end of day
1is 400 short. The end of day open position for trades done by Client B on day 2
is 200 short. Hence the net open position for Client B at the end of day 2 is 600
short. The net open position for the trading member at the end of day 2 is sum
of the proprietary open position and client open positions. It works out to be 400
+ 400 + 600, i.e. 1400.
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Table 11.1: Proprietary position of trading member Mr. X on Day 1

Trading member Mr. X trades in the futures and options segment for himself and two of his clients.
The table shows his proprietary position.

Note: A buy position “200@1000” means 200 units bought at the rate of ¥ 100.

Trading member Mr. X

Proprietary position Buy Sell

200 @ 1000 400 @100

Table 11.2: Client position of trading member Mr. X on Day 1

Trading member Mr. X trades in the futures and options segment for himself and two of his clients.
The table shows his client position.

Trading member Mr. X
Buy Open Sell Close Sell Open Buy Close
Client Position
Client A 400@1109 200@100
Client B 600@1100 400@1000

Table 11.3: Proprietary Position of Trading Member Mr. X on Day 1

Assume that the position on Day 1 is carried forward to the next trading day and the
following trades are also executed.

Trading member Mr. X

Buy Sell

Proprietary position 200 @ 1000 400 @100

Table 11.4 Client Position of Trading Member Mr. X on Day 1

Trading member Mr. X trades in the futures and options segment for himself and two of his clients.
The table shows his client position on Day 2.

Trading member Mr. X
Buy Open Sell Close Sell Open Buy Close
Client Position
Client A 400@1109 200@100
Client B 600@1100 400@1000
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% Settlement Mechanism

All futures and options contracts are cash settled through exchange of cash.
The underlying for index futures/options of the Nifty index cannot be delivered.
These contracts, therefore, have to be settled in cash.

However, it has been currently mandated that stock options and futures would
also be cash settled.

® The settlement amount for a CM is netted across all their TMs/clients, with
respect to their obligations on MTM, premium and exercise settlement.

Table 11.5: Determination of open Position of Clearing Member
TMs Proprietary trades Trades: Client 1 Trades: Client 2
Clearing Buy |Sell |Net Buy |Sell Net Buy |Sell Net Long | Short
Through
M
ABC 4000 2000( 2000) 3000 1000 2000 4000 2000 2000( 6000 -
POR 2000| 32000 (1000)| 2000| 1000 1000| 1000 2000 (1000)| 1000 | 2000
Total 6000| 5000 +2000) 5000| 2000 +3000| 5000 4000 +2000( 7000| 2000

-1000 -1000
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< Regulatory Framework of Derivatives Market in India

Following are important eligibility/regulatory conditions specified by SEBI:

e Derivative trading to take place through an on screen-based trading system.

e The derivatives exchange/segment should have on-line surveillance capability to
monitor positions, prices and volumes on a real time basis so as to deter market
manipulation.

e The derivatives exchange/segment should have arrangements for dissemination
of information about trades, quantities and quotes on a real time basis through
at least two information vending networks, which are easily accessible to
investors across the country.

e The derivatives exchange/segment should have arbitration and investor
grievances redressal mechanism operative from all the four areas/regions of the
country.

e The derivatives exchange/segment should have a satisfactory system of
monitoring investor complaints and preventing irregularities in trading.

e The derivative segment of the exchange would have a separate Investor
Protection Fund.

e The clearing corporation/house will perform full novation, i.e., the clearing
corporation/house will interpose itself between both legs of every trade,
becoming the legal counterparty to both or alternatively should provide an
unconditional guarantee for settlement of all trades.

e The clearing corporation/house should have the capacity to monitor the overall
position of members across both derivatives market and the underlying
securities market for those members who are participating in both.

e The level of initial margin on index futures contracts will be related to the risk of
loss on the position. The concept of value-at-risk will be used in calculating the
required level of initial margins.
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e The clearing corporation/house will establish facilities for electronic funds
transfer (EFT) for swift movement of margin payments.

e In the event of a member defaulting in meeting its liabilities, the clearing
corporation/house shall transfer client positions and assets to another solvent
member or close-out all open positions.

e The clearing corporation/house should have capabilities to segregate initial
margins deposited by clearing members for trades on their own account and on
account of his client. The clearing corporation/house will hold the clients’ margin
money in trust for the client purposes only and should not allow its diversion for
any other purpose.

e The clearing corporation/house should have a separate Trade Guarantee Fund
for the trades executed on derivative exchange/segment.
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MBA SEM 03
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2 FORWARD CONTRACTS

Introduction

A Forward Contract is a contract made today for delivery of an asset at a pre-
specified time in the future at a price agreed upon today.

The buyer of a forward contract agrees to take delivery of an underlying asset at
a future time (T), at a price agreed upon today.

No money changes hands until time T.

The seller agrees to deliver the underlying asset at a future time T, at a price
agreed upon today.

Again, no money changes hands until time T.

A forward contract, therefore, simply amounts to setting a price today for a trade
that will occur in the future.

In other words, a forward contract is a contract between two parties who agree
to buy/sell a specified quantity of a financial instrument/commodity at a certain
price at a certain date in future.

Forward Contracts

A forward contract is a simple customized contract between two parties to buy
or sell an asset at a certain time in the future for a certain price.
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e Unlike future contracts, they are not traded on an exchange, rather traded in the
over-the-counter market, usually between two financial institutions or between
a financial institution and one of its clients.

e Aforward contractis an agreement between two parties to buy or sell underlying
assets at a pre-determined future date at a price agreed when the contract is
entered into.

e Forward contracts are not standardized products. They are over-the-counter
(not traded in recognized stock exchanges) derivatives that are tailored to meet
specific user needs.

e The underlying assets of this contract include:

1. Traditional agricultural or physical commodities
2. Currencies (foreign exchange forwards)
3. Interest rates (forward rate agreements or FRAs)

e At the time the forward contract is written, a specified price is fixed at which the
asset is purchased or sold.

e This delivery price is referred to as the delivery price.

e This delivery price is set such that the either a long (buyer) or a short (seller)
position.

e This is done by convention so that no cash is exchanged between the parties
entering into the contracts.

¢ In this way, the delivery price yields a ‘“fair’ price for the future delivery of the
underlying asset.

e One of the parties to a forward contract agrees to buy the underlying asset is aid
to have a ‘long’ position.

e Onthe other hand, the party that agrees to sell the same underlying asset is said
to have a ‘short’ position.
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» Forward Terminologies

e Underlying Asset: This refers to the asset on which forward contract is made i.e.,
the long position holder buys this asset in future and the short position holder
sells this asset in future. The various underlying assets are equity shares, stock
indices, commodity, currency, interest rate, etc.

For example, in the above case, sugar (a commodity) is the underlying asset.

e Long Position: The party that agrees to buy an underlying asset (e.g. stock,
commodity, stock index, etc.) in a future date is said to have a long position.
For example, in the above case, Mr. Y is said to hold a long position. The long
position holder on the contract agree to buy the underlying asset on the future
date because they are betting the price will go up.

e Short Position: The party that agrees to sell an underlying asset (e.g. stock,
commodity, indices, etc.) in future date is said to have a short position.

e Spot Position: This is the quoted price of the underlying asset for buying and
selling at the spot time or immediate delivery.

e Future Spot Price: This is the spot price of the underlying asset on the date the
forward contract expires and it depends on the market condition prevailing at
the expiration date.

e Expiration Date: This is the date on which the forward contract expires or also
referred to as maturity date of the contract. For example, in the above case, the
expiry date is 1st July, 2011.

e Delivery Price: The pre-specified price of the underlying assets at which the
forward contract is settled on expiration is said to be delivery price.
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Benefits of Forward Markets

Forward contracts can be used to hedge or lock-in the price of purchase or sale
of commodity or financial asset on the future commitment date.

On forward contracts, generally, margins are not paid and there is also no
upfront premium. So, it does not involve initial cost.

Since forwards are tailor-made, price risk exposure can be hedged up to 100%,
which may not be possible in futures or options.

Limitations of Forward Markets

Lack of centralization of trading,

[lliquidity, and

Counterparty risk

Counterparty risk is very much present in a forward contract since there is no
performance guarantee. On due date, the possibility of counterparty’s failure to
perform his obligation creates another risk exposure.

Forward contracts do not allow the investor to derive any gain from favorable
price movement or to unwind the transactions once the contract is made. At the
most, the contract can be cancelled on the terms agreed upon by the
counterparty.

Since forwards are not exchange-traded, they have no ready liquidity. Further, it
is difficult to get counterparty on one’s terms.
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+¢ Pricing of Forward Contracts

e In the first place, we will develop rules for-determining prices of the forward
contracts and then use these to obtain the prices of futures contracts. In
particular, we consider the three cases listed below:

1. For securities providing no income.
2. For securities providing a given amount of income.
3. For securities providing a known yield.

1) Securities Providing No Income

e This is the easiest forward contract for valuation, and is exemplified by a share
which is not expected to pay any dividend, or by discount bonds.

e |n order that there be no arbitrage opportunities, the forward price F should be:

F=Spe"

e Here, Sp is the spot price of the asset underlying the contract, r is the risk-free
rate of interest per annum with continuous compounding, and t is the time to
maturity

e Now, assume that F > Sp e™. In this case, an investor may buy the asset by
borrowing an amount equal to So for a period of t at the risk-free rate, and take
a short position in forward contract.

e Atthetime of maturity, the asset will be delivered for a price of F and the amount
borrowed will be repaid by paying an amount equal to Soe™ and the deal would
result in a net profit of F - Spe™.

e Similarly, if F < Spe™, then the investor would do well to short the asset, invest
the proceeds for the time period t at an interest rate of r per annum, and long a
forward contract. When the contract matures, the asset would be purchased for
a price of F and the short position in the asset would be closed out. This would
result in a profit’of Spe" - F.
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e Example: Consider a forward contract on a non-dividend paying share which is
available at Rs 70, to mature in 3-months’ time. If the risk-free rate of interest be
8% per annum compounded continuously, the contract should be priced at
70e0-2°M008) or Rs 70 x 1.0202 = Rs 71.41.

e |f the forward contract was priced at a higher value than this, say at Rs 73, an
arbitrageur should short a contract, borrow an amount of Rs 70 for three months
at the risk-free rate, and buy the share for Rs 70. At maturity, sell the share for
Rs 73 (forward contract price), repay the loan amount of Rs 71.40 and make a
profit of Rs 73 — Rs 71.40 = Rs 1.60. In a similar way, if the forward contract was
guoted at Rs 71, then the investor should buy a contract, short a share and invest
the amount realized for three months, to get Rs 71.40 back after this period.
Then the share would be bought for Rs 71 and replaced. This would result in a
net gain of Rs 0.40.

2) Securities Providing a Known Cash Income

e We may now consider a forward contract on a security which provides a certain
cash income to the investor. Preference shares are an example of this.

e Insuch a case, we first determine the present value of the income receivable.

e Forinstance, if the income Y is receivable in two months’ time from now and r is
the discount rate per annum (compounded continuously), then the present value
|, of income Y would be | = Yet?/12r,

e Now, if there is to be no arbitrage, then the price of the forward contract should
be F=(So—I)e".

e |n the same manner as discussed earlier, first suppose that F > (So—1)e".

e Here an arbitrageur can short a forward contract, borrow money and buy the
asset. When the income is received, it is used to partly repay the loan.

e At maturity, the asset is sold for F and the outstanding loan of (So— I)e™ is repaid.

e This result in a net profit of F - (So—I)e".
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e On the other hand, F < (So — I)e™, then an arbitrageur can short the asset, invest
the proceeds, and take a long position in a forward contract.
e This operation will yield a net gain of (So — I)e™ — F at maturity.

e Let us consider a 6-month forward contract on 100 shares with a price of Rs 38
each. The risk-free rate of interest (continuously compounded) is 10% per
annum. The share in question is expected to yield a dividend of Its 1.50 in 4
months from now. We may determine the value of the forward contract as
follows:

100 x 1.50 =Rs 150
150, 4/12)0.10)
= 150 x 0.9672 or Rs 145.08
Value of forward contract = (3800 - 145.08),0-510:10)
3654.92 x 105127
= Rs 3842.31

Dividend receivable after 4 months

Present value of the dividend, |

3) Securities Providing a Known Yield

e While in Case 2, we considered pricing of forward contracts for securities that
provide a known amount of income, we now look at the case of securities which
provide a certain yield. Stock indices may be regarded as such securities.

e The shares included in the portfolio comprising the index are expected to return
dividends in the course of time which may be expressed as a percentage of their
prices, termed as yield, and thus be related to the index.

e Theoretically, it is assumed to be paid continuously at a rate of y per annum.

e Insuch a case, the forward price may be calculated as follows:

F= soe(r-v)t
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e Example: Assume that the stocks underlying an index provide a dividend yield of
4% per annum, the current value of the index is 520 and that the continuously
compounded risk-free rate of interest is 10% per annum. To find the value of a
3-month forward contract, we proceed as follows:

e Here, So=520,r=0.10,y=0.04, and t =3/12 or 0.25.

e Accordingly, the forward price can be computed as

F= 520e(0.10—0.04)(0.25)
=520 * 1.0151
=Rs 527.85
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E@ FUTURE CONTRACTS &

Introduction

A futures contract is a type of derivative instrument, or financial contract, in
which two parties agree to transact a set of financial instruments or physical
commodities for future delivery at a particular price.

If you buy a future contract, you are basically agreeing to buy something that a
seller has not yet produced for a set price.

But participating in the futures market does not necessarily mean that you will
be responsible for receiving or delivering large inventories of physical
commodities remember, buyers and sellers in the futures market primarily enter
into futures contracts to hedge risk or speculate rather than to exchange physical
goods (which is the primary activity of the cash/spot market).

That is why futures are used as financial instruments by not only producers and
consumers but also by speculators.

Futures Contracts

A future contract is a standardized agreement between the seller (short position)
of the contract and the buyer (long position), traded on a futures exchange, to
buy or sell a certain underlying instrument at a certain date in future, at a pre-
set price.

The future date is called the delivery date or final settlement date. The pre-set
price is called the futures price.

Thus, futures is a standard contract in which the seller is obligated to deliver a
specified asset (security, commodity or foreign exchange) to the buyer on a
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specified date in future and the buyer is obligated to pay the seller the then
prevailing futures price upon delivery.

matched electronically.

+» Difference Between Forward and Future Contracts

Table 4.1: Distinction between Forwards and Futures

Criteria / Factors Forwards Fatures
1. | Trading Traded by telephone or telex (OTC) Traded in a competitive
arena (recognised
exchange)
2. | Size of contracts | Decided between buyer and seller Standardised in each
futures market
3. | Price of contract | Remains fixed till maturity Changes everyday
4. | Mark to Market | Not done Marketed to market
N everyday
5. | Margin No margin required Margins are Lo be paid
by both buver and
sellers
6. | Counter Party Present Not present
Risk
7. | Number of There can be any number of Number of contracts in
conlracls ina contracls a yearis fixed.
vear
8. | Frequency of A% of all forward contracts are Very few future
Delivery settled by actual dehvery. contracts are settled by
actual delivery
9. | Hedging These are tailor-made for specific Hedging is by nearest
date and quantity. So, itis perfect month and quantity
contracts. So, 1L i1s not
perfect.
10. | Liquidity Not liquidity Highly Liquid
11. | Nature of Over the Counter Exchange traded
Markel
12. | Mode of Specifically decided. Most of the Standardised. Most of
Delivery contracts result in delivery the contracts are cash-
settled.
13. | Transactional Casts are based on bid-ask spread Include brokerage fees
Costs for buy and sell others

Pricing can be based on an open outcry system, or bids and offers can be

The futures contract will state the price that will be paid and the date of delivery.
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¢ Standardization/Specifications of Futures Contracts

Thus, futures contracts are highly standardized, to ensure that they are liquid.
The standardization usually involves specifying:

e The underlying this can be anything from a barrel of crude oil to a short-term
interest rate;

e The type of settlement, either cash settlement or physical settlement;

e The amount and units of the underlying asset per contract. This can be the
notional amount of bonds, a fixed number of barrels of oil, units of foreign
currency, the notional amount of the deposit over which the short-term interest
rate is traded, etc.;

e The currency in which the futures contract is quoted;

e The grade of the deliverable. In the case of bonds, this specifies which bonds can
be delivered. In the case of physical commodities, this specifies not only the
quality of the underlying goods but also the manner and location of delivery;

e The delivery month;

e The last trading date;

e Other details such as commodity tick, the minimum permissible price fluctuation.
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% MARGINS

e Like all exchanges, only members are allowed to trade in futures contracts on the
exchange. Others can use the services of the members as brokers to use this
instrument.

e Thus, an exchange member can trade on his own account as well as on behalf of
a client.

e A subset of the members is the “clearing members” or members of the clearing
house and non-clearing members must clear all their transactions through a
clearing member.

e The exchange requires that a margin must be deposited with the clearing house
by a member who enters into a futures contract.

e The amount of the margin is generally between 2.5 per cent to 10 per cent of the
value of the contract but can vary.

e A member acting on behalf of a client, in turn, requires a margin from the client.

e The margin can be in the form of cash or securities like treasury bills or bank
letters of credit.

> Initial Margin

e Initial margin is the percentage of the purchase price of securities (that can be
purchased on margin) that the investor must pay for with his own cash or
marginable securities; it is also called the initial margin requirement.

e According to Regulation T of the Federal Reserve Board, the initial margin is
currently 50 per cent, but this level is only a minimum and some brokerages
require you to deposit more than 50 per cent.

e For futures contracts, initial margin requirements are set by the exchange.

e A margin account enables investors to use leverage and purchase more securities
than the cash balance in their account would allow.
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A margin account is essentially a loan account in which interest is charged on the
outstanding margin balance.

The securities purchased in the margin account are purchased with cash loaned
to the investor by the broker, and the securities themselves are used as
collateral.

This allows for a potential magnification in gains, but also losses.

In the extreme event that the securities purchased on margin decline to zero, the
investor would need to deposit the full initial value of the securities in cash to
cover the loss.

» Maintenance Margin

Maintenance margin is the minimum amount of equity that must be maintained
in @ margin account.

In the context of the NYSE and FINRA, after an investor has bought securities on
margin, the minimum required level of margin is 25 per cent of the total market
value of the securities in the margin account.

Keep in mind that this level is a minimum, and many brokerages have higher
maintenance requirements of 30-40 per cent.

Maintenance margin is also referred to as “minimum maintenance” or
“maintenance requirement.”

» Example: suppose an investor buys two gold futures contracts. The initial margin

is $2,000 per contract (or $4,000 for two contracts) and the maintenance margin
is $1,500 per contract (or $3,000 for two contracts). The contract is entered into
onJune 5 at $850 and closed out on June 18 at $840.50. (Gold is trading around
$1,200 per ounce now)
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Futures price  Daily gain  Cumulative = Margin Margin call
Day (settlement) (loss) gain (loss)  balance (variation margin)

850.00 4,000
June 5 848.00 (400) (400) 3,600
June 6 847.50 (100) (500) 3,500
June 9 848.50 200 & (300) 3,700
June 10 846.00 (500) (800) 3,200

June 11 844.50 (300) (1,100) 2,900 Yes (1,100)
June 12 845.00 100 (1,000) 4,100
June 13 846.50 300 (700) 4,400
June 16 842.50 (800) (1,500) 3,600

June 17 838.00 (900) (2,400) 2,700 Yes (1,300)
June 18 840.50 500 (1,900) 4,500

% MARK TO MARKET (VARIATION MARGIN)/MARKING TO MARKET MARGIN

e The exchange uses a system called marking to market where, at the end of each
trading session, all outstanding contracts are reprised at the settlement price of
that trading session.

e This would mean that some participants would make a loss while others would
stand to gain.

e The exchange adjusts this by debiting the margin accounts of those members
who made a loss and crediting the accounts of those members who have gained.

e This feature of futures trading creates an important difference between forward
contracts and futures.

e In a forward contract, gains or losses arise only on maturity. There are no
intermediate cash flows.

e Whereas, in a futures contract, even though the gains and losses are the same,
the time profile of the accruals is different.

e |n other words, the total gains or loss over the entire period is broken up into a
daily series of gains and losses, which clearly has a different present value.
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¢+ COST OF CARRY MODEL

FUTURES PRICE SPOT PRICE NET COST OF CARRY

FUTURES PRICING ACCORDING TO COST OF CARRY MODEL

e The Cost of Carry Model assumes that markets tend to be perfectly efficient. This
means there are no differences in the cash and futures price.

e This, thereby, eliminates any opportunity for arbitrage —the phenomenon where
traders take advantage of price differences in two or more markets.

e When there is no opportunity for arbitrage, investors are indifferent to the spot
and futures market prices while they trade in the underlying asset.

e This is because their final earnings are eventually the same.

e The model also assumes, for simplicity sake, that the contract is held till maturity,
so that a fair price can be arrived at.

e In short, the price of a futures contract (FC) will be equal to the spot price (SP)
plus the net cost incurred in carrying the asset till the maturity date of the futures
contract.

FC = SP + (Carry Cost — Carry Return)

e Here Carry Cost refers to the cost of holding the asset till the futures contract
matures.

e This could include storage cost, interest paid to acquire and hold the asset,
financing costs, etc.
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Carry Return refers to any income derived from the asset while holding it like
dividends, bonuses, etc.

While calculating the futures price of an index, the Carry Return refers to the
average returns given by the index during the holding period in the cash market.
A net of these two is called the Net Cost of Carry.

The bottom line of this pricing model is that keeping a position open in the cash
market can have benefits or costs.

The price of a futures contract basically reflects these costs or benefits to charge
or reward you accordingly.

CARRY COST CARRY RETURN NET COST OF CARRY

NET COST OF CARRY

BID AND ASK PRICES

Bid prices are those provided by Buyers who want to buy shares or futures or
other products at these Bid prices.

Ask prices are those quoted by Sellers who want to sell shares or futures or other
products at these Ask prices.

The difference between Bid and Ask Prices is called as the Bid-Offer spread and
also sometimes referred to as the Jobbing Spread.

In highly liquid markets, the Bid-Offer Spread is small.

In illiquid markets, the spread is high.

The difference between Bid and Ask Prices is also called impact cost.

If liquidity is poor, impact cost is high and vice versa.
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X/
0‘0

SETTLEMENT PRICES

Daily settlement price on a trading day is the closing price of the respective
futures contracts on such day.

The closing price for a futures contract is currently calculated as the last half an
hour weighted average price of the contract in the F&O Segment of BSE.

Final settlement price is the closing price of the relevant underlying
index/security in the capital market segment of BSE, on the last trading day of
the contract.

The closing price of the underlying Index/security is currently its last half an hour
weighted average value in the capital market segment of BSE.

OPEN INTEREST

Open interest is the number of futures contracts outstanding. It reduces to zero
upon maturity of the contract.

Example:

Time Actions Open Interest
t=0 Trading opens for gold contract 0

t=1 Trader A buys 2 and trader B sells 2 gold contracts 2

t=2 Trader A sells 1 and trader C buys 1 gold contract 2

t=3 Trader D sells 2 and trader C buys 2 gold contracts 4
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¢ TYPES OF ORDERS

e The derivatives market is order driven i.e. the traders can place only orders in
the system.

e Following are the order types allowed for the derivative products. These order
types have characteristics similar to the ones in the cash market.

1. Limit Order: An order for buying or selling at a limit price or better, if possible.
Any unexecuted portion of the order remains as a pending order till it is matched
or its duration expires.

2. Market Order: An order for buying or selling at the best price prevailing in the
market at the time of submission of the order. There are two types of Market
Orders:

i. Partial Fill Rest Kill (PF): execute the available quantity and kill any
unexecuted portion.

ii. Partial Fill Rest Convert (PC): execute the available quantity and convert
any unexecuted portion into a limit order at the traded price.

3. Stop Loss: An order that becomes a limit order only when the market trades at a
specified price.
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22 HEDGING, SPECULATION AND
ARBITRAGE USING FUTURES &

¢ Introduction

e To be successful, a futures market basically needs to have two types of
participants: hedgers and speculators. The markets simply cannot exist without
hedgers and the speculators cannot then perform any economic function.

» Hedgers:

e In the context of futures contracts, a hedger is one who is engaged in a business
activity where an unacceptable price risk exists.

e For example, a farmer might be worried about the price the wheat grown by him
would fetch, when the crop is ready.

e His fortunes depend on the price he can obtain for his produce.

e |[f the price is indeed high, the farmer would earn a fair amount of profit.

e Should the price, however, be low because of, say abundant supplies, he might
not be able to make a reasonable profit, or might even run into losses.

e To reduce this risk, the farmer may choose to hedge in the futures market.

e He can do so by selling futures contracts.

e Thus, suppose it is November now and the April wheat is being sold for Rs 820
per quintal.

e Assume that the farmer finds this price is attractive because it provides for a
reasonable level of profit and eliminates price risk associated with growing
wheat.

e The farmer can hedge the price risk by agreeing to sell his produce at Rs 820-per
quintal to someone who agrees to take a long position.
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Thus, the farmer is assured of this price for his-crop and not worry if the price
were to fall subsequently.

In agricultural commodities, the hedger usually goes short in the futures market
because the farmer wants to deliver his produce. This is called short hedge.
However, hedging may also involve taking long position.

To illustrate, if a jewellery firm takes an export order for some jewellery to be
supplied after 4 months, it may like to guard itself against the possible adverse
movement in the price of gold by taking long position in the futures market. This
is termed long hedge.

Speculators:

While the hedgers avoid the price risk, the speculators are the class of
participants in the futures markets who are willing to bear the risk.

Obviously, for the hedgers to eliminate the unacceptable price risk, they must
find those who are prepared to take such risk.

Of course, both long and short hedgers may be present in the market so that
entering into a transaction may be to their mutual benefit.

But since at any moment, they usually are not present in equal numbers, the
speculators step in and provide a vital economic function.

Speculators are such people who are financially capable of bearing such risk.

In fact, the speculative demand for futures contracts is much greater in volume
and frequency than the hedging demand.

A speculator does not have an economic activity that requires the use of futures
but rather finds investment opportunities in the futures markets and takes
positions in an attempt to make profit from price movements.

A speculator would take long position in a futures contract if he feels that prices
are likely to rise and a short position if he feels otherwise.

Since price increases are relatively easier to visualize, speculators generally take
long positions.
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e However, if the prices are believed to go down, they assume short positions-as
well.

e Notice here that a speculator taking a short position in a wheat contract is not a
producer of wheat and, therefore, does not intend to eventually supply it on the
date of maturity of the contract.

e |nstead, he would take a long position in such a contract and, therefore, cancel
the original position and making profit/loss as the difference between the prices
he agreed for in the two positions.

e Evidently, speculators' role in the futures markets is much like that of an
insurance company.

e The speculators provide liquidity (implying continuous presence of buyers and
sellers) that helps to make the futures markets an efficient hedging mechanism.

e Further, by putting their money on the prices, the speculators aid in the process
of price discovery, thus performing an important economic function.

» Scalpers:

e Scalpers represent another type of traders who play a crucial role in the
economic functioning of the futures markets.

e Theyare the individuals who engage in continuous buying and selling of contracts
on their own behalf.

e They-work on low margins but their continuous trading enables them to make
good profits on their operations.

e Of course, when the markets show greater volatility, they can make handsome;
profits.

e The presence of scalpers ensures the futures prices to be both continuous and
accurate, thus imparting liquidity to the markets in a good measure.
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Arbitrageurs:

Another group of participants in futures markets is that of the arbitrageurs.

The arbitrageurs do not take view on-prices, like speculators do.

They thrive on inefficiencies of the market and so their actions help keep the
market efficient and functioning well.

The arbitrageurs come into action once they find that the prices in the spot
market and the futures market, or in the futures market in respect of different
maturities are deviating from the "normal".

For example, if an arbitrageur finds that prices of futures contracts with a certain
maturity date is higher than what should it be in accordance with the price in the
spot market, he would step in to short futures contracts and buy in the spot
market.

With more and more people taking similar positions, the futures prices would
tend to fall relative to spot price.

As the gap between the two prices narrows, the arbitrageur would earn profit.

BASIS RISK

Hedging usually cannot be perfect for the following reasons:
The asset whose price is to be hedged may not be exactly the same as the asset
underlying the futures contract (e.g., stock index futures and your stock
portfolio)
The hedger may be uncertain as to the exact date when the asset will be bought
or sold
The hedge may require the futures contract to be closed out well before its
expiration date

Basis (B) = Spot Price (S) - Futures Price (F)
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e LetS,, F1, and by be the spot price, futures price, and basis at time t; and S,, F,,
and b, be the spot price, futures price, and basis at time t,, then b; = S; - F; at
timet;and b, =S, - F, attime t,.

e Consider a hedger who knows that the asset will be sold at time t, and takes a
short position at time t;. The spot price at time t; is S, and the payoff on the
futures position is (F; - F,) at time t,. The effective price is
S, + F1 - F, = F1 + by, where b, refers to the basis risk

» Basis Risk in a Short Hedge

e Suppose itis March 1 (t1). You expect to receive 50 million yen at the end of July
(t2). The September futures price (exchange rate) is currently 0.8900 dollar for
100 yen.

e Hedging Strategy:
A. Sell four September yen futures contracts on March 1 (Since the contract
size is 12.5 million yen 4 contracts will cover 50 million yen)
B. Close out the contracts when yen arrives at the end of July

e Basis Risk:
arises from the uncertainty as to the difference between the spot price and
September futures price of yen at the end of July (S, - F, = b))

e Outcome:
at the end of July, suppose the spot price was 0.9150 and the September futures
price was 0.9180, then the basis b, =0.9150 - 0.9180 =- 0.0030

Gain on futures contract F; - F; =0.8900 - 0.9180 =-0.0280
Effective price F; + b, =0.8900 - 0.0030 = 0.8870 or
Effective price S; + F; - F; =0.9150- 0.0280 = 0.8870
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e Detailed Illlustration:

Sell 4 Sept. yen Receive 50 million yen, exchange Delivery

futures contracts yen to § at S, close Sept. contracts month

March 1 (¢)) End of July (7,) September

(Know S, F;, and b)) (Receive 50 million yen) (F;=0.8900, known in ;)
(Don’t know S5, F>, and b,) (Know S, F>, and b>) (F>=0.9180, known 1n £,)

(Effective price =S, + F;- F>)

> Factors that increase the basis are:

e |Interest costs, storage costs, positive handling and transportation costs between
the location and the futures delivery point

e Positive convexity correction as for Eurodollar futures. The convexity is positive
in the case of negative correlation between the underlying of the futures
contract and the interest rates.

e Positive quanto correction, in the case of positive correlation between the
Foreign exchange rate used to compute the value of the underlying of the futures
and the underlying of the futures itself.

> While factors that decreases the basis are:

e Shortage of local supply on the spot market

e Positive dividends paid by the underlying asset of the futures contract

e Known positive cash flows generated by the underlying asset of the futures
contract
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% SINGLE STOCK FUTURES AND STOCK INDEX FUTURES

e Stock index futures were introduced in the U.S.A. in 1982 with the Commodity
Futures Trading Commission (CFTC) approving the Kansas Board of Trade (KCBT)
proposal.

e |Interestingly, the approval came only 4 years after application, this resulted in
the beginning of trading in the Kansas City Value Line index futures.

e After this, stock index futures contracts started on other indices at a number of
exchanges both inside and outside the U.S.A.

¢ In India, the beginning ul the financial futures were made with the introduction
of stock index futures by the National Stock Exchange of India Limited (NSE) and
The Stock Exchange, Mumbai, in June 2000.

e A distinct and peculiar characteristic of the stock index futures contracts is the
nature of the underlying asset—the stock index that traders promise to buy and
deliver.

e One can easily visualize that the commodities like wheat, cotton, rice, or metal
like gold and, silver may be held and delivered, but it is not clear how someone
can "buy" or "sell" a stock index like the Sensex!

e A stock index is just a mathematical formula used for measuring stock price
changes. It is interesting to see how it can be traded as well.

e The futures market in India has opened up with the introduction of stock index
futures.

e To understand these, as a first step, let us get an idea of the index numbers, see
how equity index numbers are constructed and then have a brief account of the
major indices available on the Indian capital market scene.
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> Index Construction

e For a proper understanding about the futures on indices, it is necessary to have
an idea about the stock indices.

e An index number is a statistical tool by which relative changes in some variable
or a group of variables are measured and expressed, usually, in the percentage
form.

e Toillustrate, if a share closes at a price of Rs 50 on one day and at Rs 52 the next
day, then it has registered an increase of 4 percent (Rs 2 on Rs 50) in a day.

e We can express this information like this: if the closing price of the share on the
first day is 100, then the next day's price would be quoted at 104.

e Here day 1 is the base period and day 2 is the current period.

e For day 2, the price index is stated to be 104.

e The index for the base period is usually taken to be 100.

e To continue with the example, if the price of the share quotes at Rs 47 on the
third day, the index for the day would be 94 since price of day 3 in relation to the
price of the day 1 is (47/50) x 100 = 94.

e The idea of price index can be extended to a group of shares as well.

e But when multiple shares are involved, their prices are usually considered along
with their respective numbers outstanding (which serve as the weights of those
shares so that each scrip will influence the -- index in proportion to its respective
market importance).

e For this a certain base period, normally a year (or may be a certain day of a year)
is chosen in the first instance and the average market value of the shares of those
companies for this base period is obtained.

e Similarly, the current market value for each scrip is obtained by multiplying the
price of the share by the number of shares outstanding.

e Theindex on a given day is calculated as the percentage of the aggregate market
value of the same set of companies, as are included in the base period
calculation.

58

Financial Derivatives MBA Sem. ll|



SHREE H. N. SHUKLA COLLEGE OF MANAGEMENT STUDIES, RAJKOT

An index number obtained in such a manner has the flexibility to adjust for the
price changes caused by several corporate actions like bonus issues, rights issues
etc.
For example, when a company issues bonus shares, the new weighing factor
would be the number of equity shares outstanding after the bonus issue has
been made.
This new weighing factor would be used while computing the index from the date
when the change becomes effective.
Similarly, when a company makes a rights issue, its weighing factor will be
increased by the number of additional shares issued.
A proportionate change is then affected in the base year average. This is done as
follows:
New Base Year Average = Old Base Year Average x New Market Value

Old Market Value

To illustrate, suppose a company makes a rights issue which increases the market
value of the shares of that company by, say Rs 50 crores. The existing Base Year
Average, suppose, is Rs 2680 crores and the aggregate market value of all the
shares included in the index before the rights issue is made is, say, Rs 5264
crores. The New Base Year Average would then be obtained as follows:

New Base Year Average = 2680 x (5264 + 50)
5264
= Rs 2705.45 crores

This revised base year average of Rs 2705.46 would be used for calculating the
index number until a next revision is necessitated.
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Major Indices in the Indian Capital Market

1) BSE Sensitive Index Number of Equity Prices, BSE-30: SENSEX

2)

This is the most widely used and accepted equity price index in the country.
With the base year to be 1978-79, it comprises of 30 scrips from the specified
and non-specified categories of listed companies on The Stock Exchange,
Mumbai. Popularly known as sensex, the index has been serving in a large
measure, the purpose of quantifying the price movements as also the sensitivity
of the market in an effective manner.

The compilation of the index values is based on the weighted aggregative
method.

The sensex is calculated every minute and displayed continuously during trading
hours.

BSE National Index of Equity Prices

After the introduction of sensex in January 1986, another index was launched in
January 1989 in the form of BSE National Index of Equity Prices with the base
year as 1983-84, comprising of 100 scrips from the specified and non-specified
categories of listed companies on the country's five major Stock Exchanges at
Mumbai, Kolkata, Delhi, Ahmedabad and Chennai.

In addition to being a relatively broad-based index, this index enabled the
assessment of stock price movements on a national level.

However, since October 1996, the prices of The Stock Exchange, Mumbai, only
are taken in to account for calculation of the index, which is now designated as
the BSE Index.
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3) BSE-200 and the Dollex

e With the number of companies listed on The Stock Exchange, Mumbai having
registered phenomenal growth from 992 in the year 1980 to about 3200 by the
end of March 1994 and their combined market capitalization having grown from
Rs 5421 crores to Rs 368,070 crores during the period, need was felt to have a
more broad-based index which could reflect price changes in a sufficient manner.

e Accordingly, a new index series was introduced in May 1994 with the title BSE-
200.

e Also introduced wits the dollar-linked version of the BSE 200 the Dollex, where
the formula for calculating BSE 200 is adjusted for-movement of rupee-dollar
conversion rates.

e For construction of this index, equity shares of 200 companies, selected on the
basis of their market capitalization and other factors from the specified and non-
specified categories of listed companies on The Stock Exchange, Mumbai, are
included.

e Theindex is constructed taking the year 1989-90 as the base.

e The index is constructed on the weighted aggregative basis, with the number of
equity shares outstanding as weights.

e Onagivenday, the index is calculated as the percentage of the aggregate market
value of the equity shares of all the companies (in the sample) on that day to the
average market value of those companies during the base period.

4) BSE 500

e The BSE 500 Index is a broad-based index comprising of 500 scrips chosen from
among top 750 companies listed on The Stock Exchange, Mumbai, in terms of
market capitalization.

e The index is very broad-based covering all the 23 major industries and 102 sub-
sectors of the economy.
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e The index has the base dale fixed at February 01, 190 and has the base value set
at 1000.

5) NSE-50: S&P CNX NIFTY

e The NSE-50 index was launched by the National Stock Exchange of India Limited,
taking as base the closing prices of November 3, 1995 when one year of
operations of its Capital Market segment were completed.

e |t was subsequently renamed S&P CNX Nifty—with S&P indicating endorsement
of the index by Standard and Poor's and CNX standing for CRISIL NSE Index.

e According to the NSE, the index was introduced with the objectives of:

i. reflecting market movement more accurately,
ii. providing fund managers with a tool for measuring portfolio returns via-a-
vis market returns, and
iii. providing a basis for introducing index-based derivatives.

+¢ Valuation of Stock Index Futures

e Astockindextraces the changesin the value of a hypothetical portfolio of stocks.

e The value of a futures contract on a stock index may be obtained by using the
cost of carry model.

e For such contracts, the spot price is the "spot index value", the carry cost
represents the interest on the value of stock underlying the index, while the
"carry return" is the value of the dividends receivable between the day of
valuation and the delivery date.

e Accordingly, indices are thought of as securities that pay dividends, and the
futures contracts valued accordingly.
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e Case 1: When the securities included in the index are not expected to pay any
dividends during the life of the contract: Here we have,
F = Spe"
e where F is the value of futures contract, Sp is the spot value of index, r is the
continuously compounded risk-free rate of return, and t is the time to maturity
(in years).

e Example:
Calculate the value of a futures contract using the following data:
Spot value of index = 3090
Time to expiration = 76 days
Contract multiplier = 100
Risk-free rate of return = 8% p.a.

From the given information, we have

Spot value, So = 3090

Time to expiration = 76/365 year

Continuously compounded rate of return = 1n (1.08) = 0.077

Accordingly,
F = Soe“
= 3090 e!76/365)(0.077)
= 3090 * 1.01615
=3139.92

Thus, the value of a contract =3139.92 x 100 = Rs 3,13,992.
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Case 2: When dividend is expected to be paid by one or more of the securities
included in the index during ice-life of the contract In the event of dividends
expected to be paid on some securities, the dividend amount is discounted to
present value terms and then the rule of pricing securities with known income is
applied. Thus,

F=(So—1)e"
where | is the discounted value of the dividend and other symbols are same as
defined earlier.
The amount of dividend receivable, however, needs a careful consideration, as
shown in the example that follows:

Example:

Assume that a market-canitalion s :

h »clL m.;'h,;;' a glilkeu..\puahzauon weighted index contains only three
SIOCKs A, Hand € as shown below The . :

ey low. The current value of the index is

Company Share Price (Rs) Market Capitalization (Rs crores)

A 120

. 12
B 50 30
¢ 80 24

Calculate the price of a futures
on this index if it is known that 25
pay a dividend of Rs 8 per share. T
15% per anuum. Assume the lot si

contract with cxpira'tion in 60 days
days from today, Company 4 would

ake the risk-free rale of interest to be
ze Lo be 200 units.
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We first convert the giv

en rate of interest equal to 15% pP.a. into
continuously compeunded

rate of return as follows:

Continuously compounded risk-free rate of return, r = In (1 + 0.15)

=0.1398

From the given information, it miay be seen
constitutes 12/66 of the index, which implies that its
is (1056 x 12)/66 = 192. With a price of Rs 120 per
1.60 shares of A are held for every unit of the ind
dividend receivable on 1.50 shares = 1.6

value of dividend D = Rs 12.80 may be

that Company 4
value in the index
share, 192/120 =

ex. Accord-ingly,
0 x 8 = Rs 12.80. The present
obtained as under-

Present value of dividend, J= 12.80¢-125/365} (0.1308)

%} 12.80 x 0.9905 -
- = 12.68 |

Accordingly,

F=(&)_I)en .“-
- =(1056 - 12.68)el" 139%) (60ssgs)
- = 1043.32 x 1.0237 =
= 1067.53

67.53 x
With a lot size of 200, the value of the contract would be Rs 10
200 = Rs 2,13,506.
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e Case 3: When dividend on the securities included in the index is assumed to be
paid continuously during the life of the contract. If the dividends may be assumed
to be paid continuously, with the dividend vyield rata being Y, then the futures
price, F, would be given by

F= Soe(r-v)t

e Example:

Consider a three-month futures contract on NSE-50. Assume that the spot
value of the index is 1090, the continuously compounded risk-free rate of
return is 12 per cent per annum, and the continuously compounded yield on
shares underlying the NSE-50 index is 4 per cent per annum. Find the value
of a futures contract, assuming the multiplier to be 20Q

Here, S, = 1090, r=0.12, y= 0.04 and ¢=3/12 or 0.25.
Accordingly, '
F= logoe(o.ﬂ - 0.04) (0.25)
= 1112.02

With a multiplier of 200, the value of futures contract is 200 x 1112.02 =
Rs 2,22 404. - Z

+* Uses of Stock Index Futures

e Stock index futures can be used profitably by all market participants including
speculators, arbitrageurs and hedgers.

e Speculation In a bid to make money, speculators use index futures to take long or
short positions.

e Such positions are taken on the premise that the index would go up or down.

e If the multiple is 100 (which is used to convert the index into monetary "Value),
then each point of index movement would translate into Rs 100.
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e |fapersonisbullish and believes that the market would go up in the time to come,
he may buy futures and if he is bearish about the market, he may sell futures
contracts.

e He would make money if the market does move as anticipated.

e To illustrate, suppose it is the beginning of the month of August. A speculator
believes that the stock market will soon improve on the back of sustained
economic recovery, but is not quite sure which. stocks in particular will rise. He
decides, therefore, to take position in a one-month futures contract, say BSXAUG
(the futures contract on Sensex of The Stock Exchange, Mumbai, expiring in
August), that is currently available at 4480. To take an exposure of Rs 30 lac, he
needs to buy 7 contracts of 100 lot size with August maturity. He decides to take
long position in 7 contracts and pays the required margin, say 10% which equals
Rs 3,13,600.

e Now, after two weeks, suppose the contract is trading at 4710. He decides to
unwind his position and sell off the contracts. In the process, he makes a profit of
(4710 — 4480) x 7 x 100 = Rs 1,61,000 less the transactions costs of taking two
positions in futures. But, again, the transactions costs for entering into markets
are much lower than in ease of securities. It is clear that substantial gains arc
possible (without risk of default) if underlying index moves in the predicted
direction.

» Arbitrage:

e Arbitrageurs play a key role in the financial markets. Unlike speculators, they do
not take view on prices but they step in as soon as they discover that there is a
mismatch between prices.

e The arbitrageurs thrive on market imperfections and through their actions, they
keep the market efficient and well-functioning.

¢ |t may be mentioned that simultaneous buying and selling the same thing in two
markets, like buying and selling of shares of a company in two exchanges to take
advantage of price differential in them, is called arbitrage over space.

67
Financial Derivatives MBA Sem. ll|



SHREE H. N. SHUKLA COLLEGE OF MANAGEMENT STUDIES, RAJKOT

e On the other hand, attempting to make profits through buying/selling in the spot
and futures markets is termed as arbitrage over time.

e |n arbitrage over time, an arbitrageur can earn returns by lending money or
securities in the market.

e There is no counter-party risk and the trading technique involves buying/selling in
cash and futures markets.

» Funds Lending:

e For an arbitrageur willing to employ funds, the methodology involves first buying
shares in the cash market and selling index futures.

e The quantity of shares to be bought is decided on the basis of their weightage in
the index and the order is put through the system simultaneously using the
program trading method.

e At the same time, a sell position is taken in the futures market.

e The position is closed with opposite transactions in cash and futures markets.

e Similarly, an arbitrageur can earn returns by lending securities in the market.

e The methodology involves first selling the shares in the cash market and buying
index futures, deploying the cash received in some risk-less investment, and
finally, buying the same shares and shorting the futures position at the expiration.

e The quantity of shares to be sold is decided on the basis of their weightage in the
index.

e At the same time, a sell position is taken in the futures market Here too, the
position is closed with opposite transactions in cash and futures markets-and the
shares are received back.

68
Financial Derivatives MBA Sem. ll|



SHREE H. N. SHUKLA COLLEGE OF MANAGEMENT STUDIES, RAJKOT

>

Hedging:

Hedging is the prime reason for development of futures contracts. Stock index
futures can be effectively used for hedging purposes.

They can be used while taking a long or short position to a stock and for portfolio
hedging against unfavorable price movements. This subject is discussed in detail
below:

HEDGING USING STOCK INDEX FUTURES CONTRACTS

Stock index futures contracts can be used to manage investment exposure and
control the risk related to movements in equity market in a well-diversified
portfolio of stocks through the use of hedging strategies.

However, to understand what is possible to hedge and what is not, we need to
understand the concepts of equity risk including some ideas of portfolio theory
and Capital Asset Pricing Model (CAPM), and the market versus non-market risk.
We begin with the idea that the stock prices fluctuate because of two sets of
factors: Systematic and non-systematic.

Systematic factors are those that influence the market as a whole and include such
things as interest rates, taxation policies, political conditions, fiscal and monetary
policies etc.

Non-systematic or company specific factors are those that are peculiar to a
particular company and may relate to technological developments, labour-
relations, takeover situations etc.

When an investor takes a long position in a stock, he believes that it is under-
valued and hopes to gain when its price increases.

Any appreciation in its value will yield him profits. But his assessment need not be
correct.
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e Thus, while taking the long position, he carries the risk of his basic thinking about

the stock being wrong. There is another risk he carries, namely the market might
move in the unfavorable direction and therefore, the particular stock he bought
declines in value.

e Whilein the first case he is bound to suffer losses, should his judgement about the

stock prove incorrect, he is also prone to suffer losses when the whole market
moves in the downward direction for whatever reasons, although his analysis of
stock was correct.

e Similarly, when an investor takes a short position in a stock, in the belief that the

stock is overvalued, any decline in the stock price would earn him profits.

e Here again, the investor runs the twin risks: his analysis and conclusion about the

stock being in error and the risk arising from the movement of the entire market
in an adverse direction, despite a correct stock pick.

e To conclude, when an investor takes a long (or short) position in a stock, he also

carries a long (or short) position to some extent in the index as well.

e The degree of movement in the price of a share of stock with respect to

movements in the market, i.e, a stock price index, is measured in terms of beta, f.

e The beta reflects the sensitivity of the movement of a scrip relative to the

Movement of the index.
For its calculations, the returns on security are regressed over the returns on an
index and the regression co-efficient 8 is obtained. Accordingly,

_ Covariance (Stock, Index)

Variance (Index)

The covariance and variance are obtained from the returns data of the security
and the index. If X and Y be the returns on index and return oil stock respectively,
we have,
I(X-X)(Y-Y)
n
(X — X)?

Covariance =

Variance (X) =

in which X is the mean value of X series and Y is the Mean value of the Y series.
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e Alternatively,

_ IXY — nXY)
"~ XX2 — nXx>

e Example:

For a given share, the prices are observed for 13 days and are recorded
below along with the index values on those days. -

You are required to regress Ehe returns on the share on the returns on
the index. What does the beta, the regression coefficient, indicate?

Day  Share Price  Priceof ~ Day  Share Price  Price of

Index Share Index Share
1 1376.15  818.35 8  1447.55 792.30
2  1388.75 811.75. 9  1439.70 778.30
3  1408.85 81985 - 10  1427.65 740.95
4 1418.00 836.05 11 1398.25 718.35
5 144285 815.65 12 1401.40 737.50
6 1445.15 804.30 13 1419.70 735.55
.7 1438.65 801.30 : '

The returns on the index and the security are given in the first two
columns of the Table 3.1, headed Xand Yrespectively. The values of X

_and Y are calculated as folloi_fs:

(1388.75 — 1376.15)/1376.15 = 0.009156 0r.0.9156 percent

£1408.85 — 1388.75)/1388.75 = 0.014473 or 1.4473 percent elc.
(811.75 — 818.35)/818.35 = - 0.008065 or - 0.8065 percent
(819.85 - 811.75)/811.75 = 0.009978 or 0.9978 percent etc.

Note that the values of Xand Yare .g-iven in percentages.

The mean values of Xand Y series are: °

i 3.1857 =

' - X =220 =0.2655
12
T - o -103751 +
¥ == ="o08646 -
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Table 3.1 Calewlation of Share Beta

Share Index Shore
Dav  Index Price Returns Returns XY X®
- . \ Y

U 137605 SIN3S B

2 138878 S1L.7S 00156 - OMN06H  ~ 0.738430 0838319
3 140885 N1O8S 14473 00978 14224 2.004807
4 141800 836,05 06495 1.9760 1.2833206 0121806
3 144285 N15.65 1.7525 - 24400 - 4.276102 071145

o 144515 S04.30 0,159
1438.65 SOL30 < 04498
N 144755 792,30 0.6186

L3915 = 0.221819 0025411
0.3730  0.167766  0.202302
11232 = 0.694836  0.382710
0 143970 77830 - 0.5423 17670 0.958240  0.204085
10 142765 74095 - 0.8370 47989 4016600 0.700535
11 139825 71835 - 20593 - 3.0501  6.281236  4.240833

I

12 1401.40 737.50 0.2253 . 2.6658 0.600563 0050752
3 1419.70 735.55 1.3058 - 0.2644 = 0.345272 1.705210
Total J.1857 = 10.3751 8.475490 14.027915
XY -nXY
B= < »2 v
. A—t\ - " J\
B 8.475496 — 12 x 0.2655 x (—0.864%)*
14.027915 — 12 % 0.2655%
=0.8519 :
\ -

> Interpretation of Beta of a Security

e The bench-mark, the index beta, is equal to 1.0.

e If a stock has B > 1, it is riskier than the market. To be precise, if 1.25 for a given
stock then-it implies that if the market-increases by 10 percent, its value will
increase by 12.5 percent, while if the market falls by 10 percent, the value of the
stock would fall by 12.5 percent.

e On the other hand, if a stock has 8 =0.92, then a 1 percent rise in the stock price
index would lead to 0.92 percent rise in the stock value and a 1 percent fall in the
index value would imply a 0.92 percent fall in the stock value.
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e The regression coefficient 0.8519 calculated in the example above can be similarly
interpreted.

e Further, a stock with B = 1 obviously moves "with the market".

e High beta shares are, naturally, preferable in the bullish markets while low beta
shares are "safe" securities —advantageous in times of bearish market conditions.

e The beta values for the stocks included in the Sensex for the period June, 2000 to
May 2001 are shown in Box 3.6.:

Box 3.6 == Bela Values Jor the Sensex Securities

N Noo| Security Beta | 8. No. Security Beta
l ;i ,L\l e (u).'n:-x 16. | INFOSYS TECH 078
. m.ipi 321 17, | 1re LTo 0.54
EL L.O8 | 18. | LARSEN & TOU 1.07
: l:\\L:”n 0.79 | 19. | MAH & MAH 1.02
‘ cin;L,\RloTLDlND 0.5? 20. | MAHANGR TELE | 0.95
. Cm,(;,\‘T ! ().?.a 21. | NESTLE LTD 0.34
‘ ATE 0.32 | 22. | NUT LTD 1.59

8. | DR. REDDY'S LAB | 0.5 23, | RANBAXY LAB ,
) |GALAXO () LTD | 0.55 | o4 REL PETROL s
10. | GRASIM IND 0.88 | 25. | RELIANCE e
1. | GUJ AMB CEMENT| 0.60 | 16 SATYAM COMP '0.'88
1» HIND LEVERL 0.61 | 27. | STATE BANK o
13.-| HIND PETROL 0.63 | 28.°| TATA ENGG -(').85
n HINDALCO 031 [ 29. | TATA STEEL -
&ILCICI LTD 0.97 | 30. ?.EE"I‘ELEF[LM .12:2

Source: The Stock Exchange, Mumbai i \ X

b

e |n terms of the discussion in the preceding paragraphs, we may restate the ideas
in @ more formal way as follows.

e The total risk of a stock, which is usually measured by the variance (or standard
deviation) of the distribution of its returns, can be divided into two components:

systematic risk and non-systematic risk.
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The systematic risk is also called the market risk, and it results from the systematic
factors while the non-systematic risk or specific risk stems from factors peculiar to
a company or industry. The two components of risk may be described as follows:
Consider the market model:

ki= a;+ Bjk,, + ¢
It states that the returns on security j are a linear function of the returns on the
market portfolio (which may be, for example, SENSEX, NSE-50 etc.). The e; is the
‘error term' and is the deviation of a return from its predicted value.
We may restate the above equation as follows:

ej=k;— [@+ Bk,]
The term in the brackets gives the estimated or predicted value by using the
estimated regression coefficients & and [?, and a given value of the market return.
The error term is caused by the firm j’s non-systematic risk.
Further, B (beta) here is a measure of the sensitivity to market movements so that
the greater the beta of a security, the more sensitive would it be any market
moves.
The CAPM lays that the investors expect to earn greater returns as beta increases,
as it is stipulated that

(Expected)k; = k; + [(Expected)k,, — k; |B;

In words, it means that the expected return on an investment-in a security equals
the risk-free rate (kf) plus beta times the excess of expected return on market
portfolio over the risk-free rate.

Now, to see that total risk is composed of systematic and non-systematic risk, we
take the variances of both sides of the market model equation given earlier, to get
var (k;) = var (a; + Bjk,, + e;)

Or, var (k;) = B]-Z var (k) + var (e]-) + 2Bjcov(ky, e))
(because a and B are constants while kj, km and e; random-variables)
If the covariance of market returns and error terms zero, then we have
var(kj) = ﬂjz var (k,,) + var (ej)
Total Risk = Systematic or Market Risk
+ NonSystematic or NonMarket Risk
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Given the beta of a security, the variance of its returns, and the variance of the market
returns, we can split the total risk into systematic and unsystematic components.

Need of Hedging and the Hedging Process

Before proceeding further, let us understand why at all hedging may be needed. Hedging
can as much be the need of an investor holding one or more stocks, as of a mutual fund.
Consider a portfolio manager who has a portfolio of Rs 100 crores held primarily in
equity shares.

Suppose that he anticipates a decline in the market in the near future.

To avoid writing a low portfolio value, he might decide to sell the securities of the
portfolio and again invest when the prices fall, thereby protecting his gains.

However, it would be very expensive in terms of the commissions, taxes and other costs
involved in such a big deal.

The alternative is provided by the stock index futures contracts—taking an offsetting
position in them.

Thus, long position in the stock market would be accompanied by short position in the
futures markets.

Calculations need to be done to determine the number of contracts to counteract the
likely changes in the portfolio value.

Before we consider how stock index futures can be used for hedging purposes, it should
be noted that the use of index futures controls only the market risk component of the
total risk and not tote non-market, or unsystematic risk.

Thus, a cent percent protection should not be expected from such hedging.

Another thing to be kept in mind is that hedging is not intended to make profit but rather
only as a protection against adverse price movements.

Any ‘over-hedging' (by taking a position bigger than is warranted) implies that the
investor is engaging in speculation.

Example:

Suppose that the variance of daily returns of a security with B = 1.2, is 8.2. Further, the
standard deviation of daily returns of an index is 1.7. Calculate the magnitude of risk
reduction which a complete hedging will achieve and the risk faced by the investor with
hedging.
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Here, Total risk, var (;) = 8.2 | =
Market risk, B} var (k) = (1.2)* (1.7)%= 4.1616

Thus, risk reduction by hedging = 4.1616, and 'r._ris.k faced by
investor, non‘inarket risk = 8.2 - 4.1616 = 4.0384. .

e We first consider hedging through stock index futures as a long position risk
management tool. It is followed by use of stock index futures in relation to portfolio
management. In this context, we consider how such futures -can. be used for adjusting
the beta of a portfolio, and then a complete hedge of the portfolio.

D)

* Long Position Risk Management

L)

e Aninvestor takes a long position in a stock in the expectation that it is undervalued and
likely to appreciate.

e |n taking this position, he carries not only the risk of his estimate of the stock being
wrong but also, he faces the risk of the market moving against his thinking.

e He can hedge against this latter risk by taking a short position in stock index futures
contracts.

e If the index does fall, he loses the value of the stock held but he gains on the position
taken in futures.

e To determine the value of futures contracts to take position in, the beta of the stock in
guestion is required.

e Thus, ifthe stock betais 1.3, then for hedging a long position of Rs 20 lac worth of shares,
one has to take a short position in futures to the extent of Rs 20 lac x 1.3 = Rs 26 lac.

e Similarly, a short position in futures for Rs 16 lac is needed for covering a Rs 20 lac long
position in a stock with beta equal to 0.8.

e To illustrate the risk management in case of long position on stock, assume that an
investor buys 2000 shares of a company at a price of Rs 500 per share on September 14,
on analysis of company future prospects.

e On this day, the stock price index, say Sensex, is ruling at 4480.
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Three weeks after he buys shares, on October 4, the company declares half-yearly
results which cause the share price to rise to a level of Rs 534.
But almost at the same time he fears that due to a decision of the OPEC members, the
oil prices are likely to increase sharply, causing hardships to the world economies.
The stock markets are likely to be adversely affected by their action.
To hedge against the likely fall in the index, he needs to take a short position in index
futures.
The portfolio value on October being 534 x 2000 = Rs 10,68000 for which protection is
required.
The investor learns that the analysis of the last three months' data reveals that this stock
price, when regressed over Sensex, has beta equal to 1.2.
Accordingly, the short position required for coveting Rs 10,68,000 portfolio is worth Rs
10,68,000 x 1.2 = Rs 12,81,600.
Assuming the October futures is trading at 4520, he would short 1281600/4520 -= 283.5
Or 300 (assuming the market lot is 100) contracts.
At the maturity of the October futures if the index closes at, say 4130 and the price of
the share in question be, say Rs 478, then the position may be analyzed as follows:

Loss in the value of portfolio (534 -478) x 2000 = Rs 112,000

Gain in futures contracts (4520-4130) x 300 =Rs 1,17,000
Thus, the investor makes a marginal gain of Rs 5,000 on the deal. It will be reduced, of
course, by the amount of transactions costs incurred by him.
It may be noted that the hedge is available to the investor only until the maturity of the
futures contracts and not afterwards.
In case, he still fears a further decline in the market prices, he needs to take fresh
position.
In the first instance, if the investor had a feeling that changes might take place lasting
the next two months, he would do well to take position in 2-month futures.
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0‘0
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Short Position Risk Management

Investors take short positions in individual stocks when they think that the stocks are
overvalued and that decline in them will give them profits.

However, while taking a short position in a stock, m investor also carries the risk of his
basic thinking about the stock being incorrect and the risk of the market moving against
his prediction.

This risk of market increase can be sorted out by simply buying some amount of index
futures.

In this way, he hedges his index movement risk and minimizes his total risk.

To illustrate, suppose that an investor is short 1000 shares at Rs 690 and the beta of the
stock is 0.9, then the investor should hedge by taking a long position in the near-month
stock index futures for 690 x 1000 x 0.9 = Rs 621,000.
If the one-month index contracts are trading at 3620, then the investor would sell
621000/3620 = 171.5 or 200 contracts (if the market lot is 100 contracts).
By the expiry of this contract, suppose the market recovers and the index becomes 4280
and the price of the underlying share becomes Rs 761.
In this case, the investor's position can be analyzed as follows:

Loss on position in share (761 - 690) x 1000 = Rs 71,000

Gain on futures contracts (4280 - 3620) x 200 = Rs 1,32,000
Thus, the investor is immunized against market movements by taking position in index
futures.

Portfolio Risk and Portfolio Beta

Like for an individual security, the total risk of a portfolio of securities can also be
decomposed as systematic risk and non-systematic risk.
The total risk is a function of the number of securities in a portfolio.
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Non-systematic risk is diversifiable in nature so that it can be reduced in a portfolio by
increasing the breadth (that is to say, by increasing the number of securities) of the
portfolio.

In fact, a principal result of the capitol market theory is the fact that the investors are
not rewarded for bearing unsystematic risk.

The market assumes that the investor has reduced the risk through diversification as
much as possible, for a given level of expected return.

On the other hand, the systematic risk is not diversifiable by adding securities to the
portfolio.

As depicted in below figure, the total risk declines with an increase in the number of
securities in the portfolio until it reaches a limit, beyond which it does not decline.

N

{Total Risk | Diversifiable
Risk

Portfolio Risk
Z

Non-diversifiable
} Risk

No. of Securities in the Portfolio

We shall see shortly that the systematic risk can be reduced in a portfolio by hedging
with index products.

It has been said earlier that beta of a security measures its sensitivity to market
movements.

Specifically, it means, for example, that a security with a beta of 1.5 will, on an average,
move 1.5 times, or 1.5 percent for each 1 percent move in the market.

Similarly, a beta of 1 would indicate a stock that fluctuates in line with the underlying
market, while a beta factor of 0.75 would indicate a stock which fluctuates 0.75 percent
for every 1 percent market move. (The beta factors of various equities are obtainable
from leading data bases.)
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Using beta factors of equities consisting a portfolio, it is possible to work out a weighted
arithmetic mean beta factor for the portfolio itself. In symbols,

By = wiB1+ Wy + - + wy B,
Wherein wq,w,, ... w,, is the fraction of total investment placed in the respective
securities, and B4, B2 ... B are their corresponding beta factors.
Example:

portfolio manager owns three Securities, as detajleq
» &5 Cetailed below:

Security No. of Shares Price per
Bet
Share (Rs) ‘
i 15,000 40 ' ‘
2 25,000 20 -
3 15,000 " 60 08
The beta value for this portfolio can be obtained as shown in '1-"abl 3.2
ea.2;
) - %Tab]e 32=.
= ——
Calculation of Portfolio Beta
Security Value (in igh :
Weight (w,
lacs of Rs) ght (w,) B; Biw;
1 - 6 6/20 = 0. i |
=0.30 = k2 0.36
g -5 5/20 =025 1.8 0.45
9 9/20 = 0.45 , 0.8 0.36
Total 20 ' .

= _ 1.17

The value for each security is the product of the number of shares and the price per
share.

The weightage of each security is obtained by dividing its value by the total value of the
portfolio.

The summation of the products of the beta values and the weightage of the securities
works out to be 1.17, which is the beta value of the given portfolio.

Obviously, if the portfolio beta is greater than 1, as in this case, then in a rising market,
the portfolio would rise faster than the market and, so, expectedly outperform the
market.

On the other hand, a portfolio with a low beta will not lose as much value as the market
average and the losses will be considerably lower than for a portfolio with a high beta.
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It is thus possible to tune the beta of a portfolio either when a greater perfect hedge is
sought or an improvement in performance is considered when a strong market view is

perceived.

Naturally, risky-portfolios fluctuate more than the market average and thus need a
greater hedge, while low-beta portfolios, being conservative, need a smaller hedge.

+* Adjusting the Beta of a Portfolio Using Stock Index Futures

As mentioned abov i -
e v 3 pe H .
¢ » portfolio managers would ac'just their portfolio

betas-

in keeping with the changes in the risk and return offered by

the stock market. Thus, when they believe that the stock market offars
f'lrelalively high expected return, for a given level of risk they wo Cl“;
increase the beta values of their portfolio, and, on the ’othe)x/' h’lu ;
when they turn more bearish or feel (hat the market risk 1'11( ,
increased, they would tend to lower their portfolio betas. | "

T.he changes in the portfolio beta can be effected by selling or
buym-g. part of the portfolio and substituting them b risk-%e)-l‘
securft}es. Also, instead of buying/selling and substi{utin. thss
securities which may involve significant traﬁsactéons costg th:
manager can bring about the desired changes by buying o | ’ll'
index futures contracts instead. i

.RS %(; llzcs, with a beta value of 1.17. Suppose now that the spot index
;.IS; O] e'md the-futures price is 1125. Further, the futures contract
s a multiple of 50. We may now see as to how to use stock index

futures to say, (a) decrease th -
Ay e tf :
the portfolio beta to 1.5. poztiohio betato 0.9, and (b) HICIEdsE

Financial Derivatives MBA Sem. ll|
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(a) To decrease the portfolio beta from 1.17 to 0.9, the portfolio
Elanager may sell'o.ff a portion of equities and use the proceeds to
uy T'lsk-less securities., If we'let the existing portfolio as assel | and
the risk-less security as asset 2, we have,
ﬁp= w B + _wQﬁQ .
> = w.lﬁ] + (1 - w)By
. (since the new portfolio consists of enly two assets)
I‘We have, ﬁ,,.:_ O.9_(the_des'ired portfolio beta), 8, =-1.17 (the beta
;ra ue of the existing portfolio or assét 1), and 8, =0 (this being a risk-
ess asset). Subsfituting the known values, we get :
" 09=w x1.17+(1 - w,)0
or, w =0.76923 -

This implj TR
times‘;:ggllles that a portfolia’ consistimg of Rs 15.3846 lacs, 0.76923
aCs, Invested in three securitjes as given above and Rs 20

(lacs) — Rg 15.5846 (]
Lo acs) = Rs 4.6154 lacs in risk- s
(Treasury Bills) would have a beta of 0.9. res in riskeless securities

Alternatively, the manager can sell stock index futures contracts.
We have seen carlier that the number of futures contracts to trade in
order o have a risk-minimizing hedge-can be obtained as under:

Number of Futures Contracts to Trade =

i t No. of Units of Spot Position Requiring Hedging )
U N

~_Nu. ol Units Underlying One Futures Conltract

‘
Heve, we may use beta of the portlolio to serve as /', and take the
ratio of the monetary value (Rupee value) of the spot position to be
hedged, and the monetary value of the spot index. For our example,

k=117
Rupee value ol the Spot Position to be Hedged = Rs 4.6154 lacs

Rupee value of one Futures Contract=Index Value x Multiplier
= 1120 x 50 = Rs 56,000
= Rs 0.56 lacs

Number of Futures Contracts required to change Portfolio Beta from
L1710 09 = 1.17 x 4.6154/0.56 = 9.643 '
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Alternatively, the calculation can be done as under:
Number of Futures Contracts required to be Sold =
= P(Bp - B’p) L i
F

where Prefers to the value of the given portlolio

-

-

B, is the value of the beta of the portfolio

B’ is the desired value of beta

. Fis the value of a futures contract :

/ : = 20 = ’ !
We have P= Rs 20 lacs, ﬁp = 1.17 BP= 0.9, and F= 1120 % 50 =
Rs 0.56 lacs. With these values, we get

Number of Futures Contracts required to be So|d =

20x(117-09) _
0.56 =9.043

s instead of selling Rs 4.6154 lacs of the risky equity portfolio,
tht;rr}::;;::ger can reduceglhc beta to 0.9 by selling 9..()43 (or 10) stock
index futures. The manager may, therefore, contm.ue to own the
Rs 20 lacs equity stock portfolio by selling the required number of
futures to hedge Rs 5.40 lacs of that portfolio.

(b) Now, to increase the portfolio beta from 1.17 to 1.50, we proceed
as follows:

We have, f,= wi By + (1 - w))By
or 1.5=w1>< 1.17+(1—wl)0
or = 1.28205

This implies shorting the risk-less asset Treasury Bills with & market
value of 0.28205 x 20 = Rs 5.641 lacs, so that the total investment in

the portfolio of three-securities be Rs 25.641 lacs and Rs 5.641 lacs is
borrowed. -

The aim of ir-lcreasing beta to 1.5 can be achieved alternately by
buying stock index futures contracts equivalent to Rs 5.641 lacs. The
requiréd number of contracts can be determined as follows:

- Number of Futures Contracts required to change Portfolio Beta
from 1.17 to 1.50 = 1.17 x 5.641/0.56 = 11.786.
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~ The same answer can be obtained using the alternative approach

giverill earlier. Accordingly, with P=Rs 20 lacks, f,= 1.17, By= 1.(50,‘

and F= 1120 x 50 = Rs 0.56 lacs, the required number of contracts

would be equal to T - B
- 20 x (1.50 — 1.17)

S 0.56
_ Note that in the numerator,-the difference between the actual and
desired portfolio beta valuesis needed, which was taken to béﬁp - ﬁ}.ilf

>

=11.786 -

the first case and B~ 5in the second case. In fact, we should subtract
the smaller value from the larger value in a given situation. '

In any case, the hedgzar should buy 11.756 or 12 contracts in this
- sitnation. - : :

l_ ]
Adjusting the Port-fo|io1 B to Zero: A Complete Hedge

the bet?

- We have seen how futures contracts can be used for tuning Ket
mar

of a given portfolio inf] keeping with expectations about
movements. However, if the x.narket is expecled to decline, then
while a reduction in the beta is beneficial, it does not completely
protect the investor. A full protection calls for adjusting the beta value
equal to zero. Obviously, if beta value is set equal to zero, then a

given portfolio is immune to market changes. Thus, a complete
hedge may be achieved by shorting fututes contracts as follows:

No. of Futures Contracts to Sell

_ Value of spot position requiring hedging
- Value of a futures contract

x Portfolio beta‘

¥'The above given formula is employed if cent percent of the
portfolio is to be hedged. If higher or lower than 100% portfolio value
is required to be hedged then the above expression is multiplied by
the such percentage value. Thus, in the above case, if it is desired to
hedge-80 percent of the portfolio, the number of contracts to short
would be 80% of the number determined. -
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To illustrate complete hedging, suppose that an investor has a
portfolio of Rs 34 lakhs, comprising of five securities. The portfolio
has beta equal to 0.94. The investor is thinking of hedging using
November SENSEX futures. He finds that presently, on September
5, the SENSEX is trading at 4930 and the November expiry futures
are trading at 4972. Accordingly, the value of a futures contract
(assuming the multiple-is 100) is Rs 100 x 4972 = Rs 497,200. Now,
the investor has to short (3400,000/497,200) x 0.94 = 6.43 or 7
contracts. Thus, his sell value is Rs 34,80,400.

We now consider the consequences of different market scenarios
at the final delivery of the contract. ' - T

(a) The market declines “If the market declines as anticipated by the
investor, he would stand to-lose on the stock portfolio but would gain
in the futures market. Suppose the SENSEX falls from 4930 to 4512.
This is a decline of 8.48 percent in the index. The portfolio value
would have, _therefore, declined by 848 x 0.94 or 79712% or
Rs 271,000 (approximately). In the futures market, he would gain.
He would close the 7 contracts sold by buying as many conttacts at
4512 (sinee at maturity, the price of the futures contract matches with
the index). Thus, thg gain to the investor in this market would be 460
X Rs 100 x 7 contral:ts = Rs 322,000. The net position is a gain of
322,000 - 271,000 = Rs 51,000.

(8) The market rises  Now, assume that the market does not move the
way the investor thought and instead, rises, with SENSEX scaling to
9480. This increase of 550 points, or 11.16 percent results in a gain in
the portfolio value by 11.16 x 0.94 = 10.49 percent or 3400,000 x
10.49% = Rs 356,660. However, the investor incurs a loss in the
futures market, amounting to 7 x 100 x {5480 — 4972) = Rs 355,600,
The combined position in the cash and futures mﬁrkels means a net
gain of 356,660 - 355,600 = Rs 1060.

(c) The market is unchanged In the third possible scenario, suppose
the SENSEX remains unchanged at 4930. This would cause the value
of the portfolio remain at Rs 3400,000. However, in the futures
market he would make a gain of (4972 - 4930) x 100 x 7 =Rs 29,400.
Thus, the investor gains Rs 29,400 in the process.

Note, however, that in each of the three situations-discussed above,
we have not considered the costs like commissions etc. But, the costs

of taking positions are relatively very low in comparison to the cash
markets. ‘
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Example 3.7

b

On January 1, 2002, an investor has portfolio consisting of eight -
securities as shown below:

Security Price - " No. of Shares ::ﬁ
. A 29.40 A 400 0.59
B 318.70 800 1.32
C 660.20 150 0.87
_D 520 - - 300 0.35
E - 281.90 400 1.16
F 275.40 © 750 ] -1.24
G 514.60 o 300 1.05
H i 3900 0.76 -

The cost of capital for the investor is given to be 20% per annum. The
investor fears a fall in the prices of the shares in the near future.
Accordingly, he approaches you for advice. ’

You are required to:
(a) state the options available o the investor to protect his portfolio. -
(b) calculate the beta of his portfolio. >

(c) f:a.lculate the thecretical value of the futures contracts according the
Investor for contracts expiring in (1) February, (2) March.

(d) caleulate the number of units of S&P CNX Nifty that he would have
to sell if he desires to hedge until March (1) his total portfolio, (2) 90%
of his portfolio and (3) 120% of his portfotio.

(e) determine the number of [utures contracts the investor should trade
if he desires to reduce the beta of his portfolio to (.9.

You can make use of the following information/assumpltions:
(i) The current S&P CNX Nifty value is 980.
{ii) S&P CNX Nifty [utures can be traded in units of 200 only.
(iii) The February Futures are currently quoted at 1010 and the
March Futures are being quoted at 1019.
(a) There are two options for the investor to protect his portfolio:
(1) to sell the shares now and repurchase them later when
they are cheaper. '
(2) to sell the NIFTY futures contracts and kecp the portfolio
intact.
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Option 1 is likely to be costlier since the selling of shares and
repurchasing them would require incurring-of transaction costs
including brokerage charges, stamp duty and payment of service or
other taxes, if any. Not only this, he is likely to lose some more
amount because of illiquidity in the market. While selling his shares,
he might have to quote a price slightly lower than the best bid in an
attempt to sell his entire holding. Similarly, while buying shares, he
might have to quote a somewhat higher price to progure all his
purchases. This is termedas impact cost, as indicated earlier.

In thisoption, the investor would gain if the prices do fall by a
margin which exceeds the costs involved in the trading operations.
However, if the prices were to actually rise, he would stand to lose.

In option 2, the impact cost and transaction costs are likely to be
much lower. Trading in a derivatives marbat ic menerally cheaper
than. trading in a cash market. If the share prices do fall, he would
lose on the value of the portfolio but gain on the futures contracts
since he would have sold futures at a relativély higher price, while if
the share prices go up, he would lose on the futures contracts and
gain in terms of the portfolio value. Thus, he is_“protected” in

option 2. - : i
(b) The portfolio of the investor has a beta value equal to 1.10149
as shown calculated in Table 3.3. .

Calculation of Portfolio Beta
" Security  Price of N, of Value Weightage  Beta :wiﬁ.

_ the Share  Shares w. B;
3:122.40 400 11,760 0.012 0.59 0.00708
660;0 800 254,960 0.256 1.32 " 0.33792
5'28 150 99,030 0.100 0.87 * 0.08700 |
. 300 1,560 0.002 0.35  0.00070

281.90 400 112,760 0.113 1.16 ' 0.13108
275.40 750 206,550 0.208 124  0.95799
180300 154380 0155 105 0 1097 -
170.50 900 153,450 0.154 0.76  0.11704

Total ) 994,450 1.10149

TOTEHUAE S

(c) -Calculatior_x of theoretical values of the futures contracts:
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It is” given that cost of capital = 20% p.a. -Accordingly, the
continuously compounded rate of interest — In (1 +0.20) =0.18232.
For the February contracts, £=158/365 = 0.1589 while for theMarch
contracts, {=89/365 = 0.2438. Further, F= §,e". Thus, -

For February contracts, F= 086e(0-18232) (0.1589)
, =986 x 1.02939 = 1014.98
For March contracts, F=086¢(0-18232) (0.2433) -

=986 x 1.0455 = 1030.32
(d) Value of a March contract =1019 x 200 = Rs 203,800

No. of futures contracts required to be sold may be calculated by
using the following formula: '

—

No; of contracts =~ - ]
f spot Dot .. .
- =—Value.3 Of spot position requiring hedgu'}g « Portfolio beta
_ Value of a futures contract _
(i) when total portfolio is to be hedged: )

~ - = Rs 994,450 x 1.10149
) Rs 203,800 ~ ™

- =539%0r6 contracts

(ii) when 90% of the portfolio is 1 3‘3 hedged:
_ Rs 994,450 x .90
) TR 203,800:-_ X 1.10149
=4.84 or 5 contfacts |
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(iii) when 120% of the portfolio is to be hedged.:
_ Rs 994,450 x 1.20
~ Rs 203,800

‘ = 6.45 or 7 contracts

(e) For calculating the number of futures contracts required to be
sold to lower the beta to 0.7, we have

value of the portfolio, P= Rs 994,450
current beta of the portfolio, §,= 1.10149

desired beta value, % = 0.7, and
value of a futures contract =986 x 200 = Rs 197,200
P(ﬁp - ﬁ};)
F .
- ’ 994,450 (1.10149 - 0.7)
- 197,200 -
=2.02 or 2 contracts

x 1.10149

Now, No. of contracts to sell =

—

T% FUTURES ON STOCKS

[

Like futures on commodities, futures contracts on shares of individual
stocks of companies are also traded in some countries including
Australia, England, Hong ~Kong, India, Sweden etc. In such
contracts, the underlying happens to be a certain number of shares of
a particular company. In general, futures on individual stocks are
unimportant in.the world trading markets and they have not_been
very successful. However, in India the introduction such contracts irf

November 2004 has met with a good Teception from the market
participants, to begin with. B

A futures contract on a stock is one where the party with long
position agrees to buy a certain number of shares of a company at a
Certainﬂprice at a certain date in future and the party with short
position agrees to deliver the same and ‘receive the amount. The
contract may also be cash-settled so that no physical delivery is madg_.
Like other futures contracts, when: two parties agree for a trade, the
clearing corporation stequin and assiimes a counter-party position to
each of them. Each of the}parties has to pay initial upfront margin (o

_the clearing corporation 3 through their brokers/trading members).
Then, as-time passes, their positions are marked-to-the-market
depending upon the malket price of the futures contract traded
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between the parties. If the market price increases, the account of the
long is credited and that of the short is debited, while if the price of
futures decreases, the short is credited and the long is de*ited.
Accordingly, additional margin is called for from the parly whose
account is debited, on a day-to-day basis. This is continued until the:
date of maturity arrives when either the delivery is executed against
payment or the difference between the spot value and the contracted
price is settled in cash and their accounts are accordingly credited or

debited.

- Sample Futures Contract

The specifications for futures contracts trading on the National Stock
Exchange of India, NSE, are given in Box 3.7. As of now, such
contracts are allowed to be traded on a total of 31 securities as shown
in Box 3.8. It may be noted that the contract size, in terms of the
number of shares involved, is not uniform for all the stocks. This is
because it is stipulated by SEBI that the value of a contract, when
initiated, should not be less than Rs 2 lakhs. Accordingly, the contract
size is determined in keeping with the prices of the shares. It can be
easily visualised that these sizes are’subject to revision in case
significant share price changes occur. Further, it has been laid by
SEBI that single stock futures contracts shall be permitted upto a
maximum maturity of 12 months. It.was also stated that, initially,
such contracts shall have maturity of three months. Therefore, at any
point in time atleast three single stock-futures contracts would be
available for trading. As of now, however, exactly three contracts on

a particular underlying are available. _ :

SEBI has also laid down guidelines for modification of contract
specifications arising out of corporate actions. The corporate actions
mean and include dividend, bonus, rights shares, issue of shares as a
result of stock split, stock consolidations, schefes of mergers/de-
mergers, spin-offs, amalgamations, capital restructuring and such
other privileges or events of a similar nature announced by the issuer
of the underlying securities. Detailed guidelines about the margin .
system and position limits of the traders in respect of such contracts
have also been provided. -

-
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= Box 3.7

il

.Contract Specifications for Futures on

Individual Stocks

Item

.?fma’ﬁmtion

Security Description

Underlying Unit

Contract Size
Price Steps
Trading Hours
Trading Cycle

Last Trading/Expiration
Da)'
Settlement

Final Settlement Price

-

=

2>
Daily Settlement Price

=

Seltlement Day

Margins

As per Note [, Box 3.8

Individual scrips as per SEBI list (given in
Note 1, Box 3.8)

As per Note 1, Box 3.8. See also Note 2.
Re 0.05

9.55 a.m. to 3.30 p-m.

A maximum of three month trading cycle—
the near month (one), the next month (two)
and the far month (three). New contract is
introduced on the next trading day following
the expiry of near-month contract.

-The last Thursday of the expiry month, or the

preceding trading day if the last Thursday is a
trading holiday.

In cash on T+1 basis, )
Closing price of the underlying security ki the
capital market segment of the National-Stock

Exchange on the expiration day of the futures
contract.

Closing price ofsfutures contract, Computed
on the basis of the Jast half-an-hour weighted ~
average price of such-contract in the F&® )
segment. In case of nor-trading during the

last half-hour, the dail
computed as F = Se'

, where 7 is the rate of
interest (MIBOR), -

Last lrac.iing day.

Upfrant initjal margin on daily basig,

Source: NSE

[T AN

y settlement price to be
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Note 7 Atpresent, SEBI allows trading of futures contracts in a tota
“of 31 individual securities. These are given in Box 3.8. Also given iy
the table are the symbols of the securities and the contract size fg,
each of these.

Note 2 The value of a futures contract on an individual stock canng,
be less than Rs 2 lac at the time of its introduction. The permitted Io
size for the futures contracts on individual securities must be iy
multiples of 100 and fractions, if any, are rounded off to the nex
higher multiple of 100.

|

== Box 3.8 = List of Securities on which Futures
Contracts are Available ]
S. No. Name _ ' ' Symbol & Lot Size
L. Associated Ct;ment Co. Ltd. ACC "1509
2. Bajaj Auto Ltd. BAJAJAUTO 800
3. Bharat Petfoleum Corporation Ltd. = BPCL 1200
4. Bl';arat Heavy Electricals Ltd. BHEL 1100
5. BSES Ltd. BSES 1100
6.  CIPLA Ltd. . .. cCIPLA -, - 200
% Digital Equipment (I) Ltd. " DIGITALEQUIP 400
8. Dr. Reddy’s Laboratories S DRREDDY o200
9. Grasim In&ustn’es Ltd. | GRASIM ' ' 700j’
10.  Gujarat Ambuja CementLtd. -~  GUJAMBCEM 1100
1. _ Hindustan Lever Ltd. - - " HINDLEVER 300
12. © Hindustan Petroleum ) HINDPE’I"RO 1000
Corporation Ltd. - . -
13. . Hindalco Industties Ltd. - HINDAI_-,CG 1300
14, 'ADFCLd. - : HDFC . -
15, ICICI L, ] cror 2800
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W Symbol Lot Size
;7. ITC Lid. - —
18.- Larsen & Toubro Ltd. L&T 1000
19. Mahindra & Mahindra Ltd. M&M - 1600
90. Mahanagar Telephone Nigam Ltd. MTNL 2500
91. Ranbaxy Labs Ltd. RANBAXY 500
99.  Reliance Petroleum Ltd. RELPETRO 600
93.  Reliance Industries Ltd. RELIANCE J 4300
94.  Satyam Computer Services Ltd. SATYAMCOMP 1200
25. | -State Bank of_India _. SBIN 1000
96.  Sterlite Optical Technology Ltd. STROPTICAL T 600
97. TELCO Ltd. TELCO 3300
28.  Tata Power Co. Ltd- ; TATAPOWER 1800
99,  Tata Iron and Steel Co. Ltd- " » TISCO 1600
30. Tata Tea Ltd. TATATEA 1100
31.  Videsh &M’_‘_"rﬂ_

Pricing of Futures Contracts on Stocks

In the normal rnarkets the futures contracts ar
the cost of carry modelIn terms of this, the pric - uys the
a process_by which a risk-averse seller of the contracts t u)(;ir e
security at current price , holds it till the date oirimtcl{lrvl“)ﬂ/ends :
contract, incurring an mtel est cost in the process e 1nc - t’he
any, resulting from holding the security, during the curriett);d Fom
Sontract, represent negatlvé cost (called carry returns) aret

ffectively the cost of maintaining

the inferest cost and the net costis €
as
a risk-free position. chordlngl}’ the valuation of futures is done

follows:”
Wﬁen no- dwzdend is expected from tlﬁe underlymg star:k

F= Soe -t

) =z

ing of futures mimics

-

e pnced according to
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where Fis the value of futures contract, S is the spot value of stock, r
is the continuously compounded risk-free rate of return, and ¢is the '
time to maturity (in years).

When dividend is expected from the underlying stock,

F=(S§,=1I)e"
where 7is the discounted value of the dividend receivable from the
stock, and other symbols are same as defined above.

Example 3.8

A share is currently selling at Rs 208.80. Calculate the price of October
futures contract on this share assumning the risk-free rate of return to 8

percent and the time to maturity as 56 days. Take the market lot to be
100. ‘

Here §; = 208.80, continuously compounded rate of returni =

In(1.08) = 0.077, time to maturity = 56/365 = 0.1534.
Accordingly,
| F= S,e”
— 908.80e!0-077) (0.1534)
=208.80 x 1.012 =211.281

With the market lot equal to 100, the value of the futures contract works
out to be 100 x 211.281 = Rs 211,281. \ y

Example 3.9 ~

Re-work the value of futures contract in Example 3.8 assuming that a

dividend of Rs 2.60 per share is expected in 20 days from now.

Present value of the diviaend, I= De™ -
' 9 60e-(0077) (201365)

=959

F= (S, - I)e"
= (208.80 - 2.59)e(0077) (56/265)

=208.661 -
With this, the value of a futures contract = 100 x 308.661 = Rs 208,661

Itis e-asy to visualise that carrying cost is typically positive, with the
result that futures are normally priced higher than the spot price.
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EXERCISES

1. What are the major stock indices in India? Discuss in detaj]
about the Sensex and S&P CNX Nifty indices. W

2. How are futures contracts on stock indices valued usirig the cost
ot carty model when (i) no dividends are expected, and (ji)
dividends are expected on securities included in the index?

3. Explain how speculators and arbitrageurs can profitably use
stock index futures. ,

4. What do you understand by beta of a security? Explain the
method of its calculation. ’ L

S. Differentiate between systematic and unsystematic risk. Do .you
agree that hedgidg with stock index futures controls both these
types of risk? .

6. Explain how the stock index futures are used for adjusting/the
beta value of a portfolid (i) upward, and (ii) downward.

7. Write a detailed note on hedging (i) a long position in stocks,
and (ii) a short position in stocks, using stock index futures.

8. What are single stock futures? How are they priced? o

2. How are futures on individual stocks different from futures on
stock indices in terms of their usé for hedging purposes?

10. Using the following data, obtain the value of a futures contract
to an index: -

Spot value of the index = 1216
Risk-free rate of return = 7% p.a.
- Time to expiration = 146:days
~ Contract multiplier-= 200 -
11. A stock index is Eurrently at 820. The continuously compound-
- ed.risk-free_rate of return is 9% per annum and the dividend
yield on the index is 3 per cent per annum. What should the
futures price_for a contract with 3 months to expiration be?
12. Assume that a market-capitalisation weighted index gonsists of-
five stocks only. Currentjy, the index stands at 970. Obtain the
- price of a-futures contract, with expiration in 115 days, on this
index having reference to the following jditional information:

(a) Dividend of Rs 6 per share expectell on share B, 20 days
from now._

-- . )
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(b) Dividend of Rs.3 per share expected on sh
from now.

(y Continuously compounded risk-[ree rate of return = §
p.a.

(d) Lot size: 300 )

(e): Other information:

are B, 28 days

Company Share Price Market Capitalization
(Rs) (crores of Rs)
A 22 110
B 85 170
C 124 372
D 54 216
E 25 200

13. On April 5, 2002, BSXMAY2002 (the futures contracts on the
BSE SENSEX expiring on 30.05.2002) were selling at 3540.10
swhile the spbt index value was 3500.57. Using these values,
obtdin the annualised risk-free rate of return implied in the
futures. .

14. For a certain security with beta = 1.3, the variance of daily
returas is found to be 12.4. The standard deviation of daily
returns on an index is found to be 1.8. Obtain a measure of the
risk faced by holder of this security who decides to hedge with

the index in question.

15. From the following information, obtain the portfolio beta:
Beta -

- Security _ No. of Shares Price per share (Rs) _

) 1 2500 ; 38 1.32
2 1800 107 0.65
3 6400 62 0.92
4 5760 = 27 1.56

16. The current spot price of a IOO—rupee share is Rs 302.60. Obtain
_ the fajr price of December futures contract on this share
assurning the risk-free rate of return to be 9 per cent and the
market lot size as 250. The maturity date is 73-days from today.
How would the valie of the contract be affected if a dividend of
8'per centis expected in 30 days’ time? 2

17. Consider the portfolio of Mr,Anand-given here: .-
: Share price as

= Number of shares ;

] B ‘ = ondpril 18 2002 *

CIPLA ce £000. 1029.75 1

Hind Lever . -7 5200 . 208.40-

ICICI Litd. L 6600 1 -61.20 g
Infosys Tech. 2400 3958.95
NIIT Ltd. 5600 308.80
Tata Engg. - --1500 -t 128.05
Zee, Telefilm 4000 3 168.00
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(i) .C:\lcula'te }he beta of his portfolio, using information given
in Box 3.6. |

(i) The May futures on BSE Sensex are quoted at 3444.6(),
Assuming the market lot to be 100, calculate the number
of contracts Mr Anand should short for hedging his
portfolio against possibly falling markets.
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Subject: Financial Derivatives (4539292)

MBA SEM 03
Module 03

% FUNDAMENTALS OF OPTIONS #

+* Introduction

In the preceding chapters, we discussed about the nature and
characteristics of forward and futures contracts. We now consider
options contracts. The present chapter deals with the characleristics
of options contracts, the risk and return features of options, and
various trading strategies involving options. The next chapter focuses
on the question of valuation of options.

Options, like futures, are also speculative-financial instruments. An
option is a legal contract which gives the holder the right to buy or
sell a specified amount of underlying asset at a fixed price within a
specified period of time. It gives the holder the right to buy (or sell) a
designated asset. The holder is, however, nol obliged to sell (or buy)
the same. This is in cantrast to forward and futures contracts where
both the parties have a binding commitment.

There are two parties in an )oplions contract—one party takes a
long position, thal is, it buys the option, while the other ene takes a
short position, that is, it sells the option. The one who takes a short
position is the one who writesthe option, and is called the writerof the

~option. - ' £

It is significant to note that although o'ptions are slandardized, ho
physical certificale is created when options are written. All

_transactions are simply book-keeping entries.

T"  CHARACTERISTICS OF OPTIONS CONTRACTS -

Call Options and Put Options

categorized as call options and put options. A call

Options may be
ct which gives the owner the right to buy an asset for

option is a conlra
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a certain price on or before a specified date. For example, if you buy
a call option on o certain share XYZ, you have the right to purchag,
100 shares (assuming of course, that the option involves 100 shares)
of XYZ at a specified price any time between today and a specifieq

date. The fact that the owner of the option has no obligation tq

exercise it implies that he has a limited liability. Should the price of
the asset fall below the specified price such that it is not profitable for

him to buy it, he may decide not to acquire the underlying asset.

On the other hand, a put option gives its owner the right to sell
something for a certain predetermined price on or before a specified
date. Fhus, if you buy a put option on shares of XYZ, you have the
right to sell 100 shares of this company at the specified price atany
time between today and the specified date. Of course, you may/mot
like to exercise your option if the price of this share increases beyond

the specified price.
The positions of the buyer and seller in tall and put options are

Writer of Option |
(Long Position) (Short Position) 4
Call Right to buy asset Obligation to sell asset
Put Right to sell asset Obligation to buy asi'set

given below.

Option Type Buyer of Option

American vs European Options

The definitions of options, both call and put, given above apply to
the American-style options. An American option can be exercised by
its owner at any time on or before the expiration date. Besides| the
American type, there are European-style options as well. In the case of
-European options, the owner can exercise his right only on|the
expiration date, and not before it. It m'zfy:be' pointed out,'however,
that most of the options traded in the world, including- those in

Europe, are American-style options. -

" - !
Physical Delivery vs Cash-Settled Options - - {
_ - |
When an option is exercised on or before the date-of expiry, it mdy -
be settled by transferring the specified underlying asset by short to
long in cage of call and by long to shiort in case of a put option, at the _
agreed p;ice. Thus; in a call bption contract involving stock, & ¢
speciﬁed number of shares are transferred by the short to the long- ;
This is settlement of the contract through physical dtlivery. |
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contract may also be designed so as to be settled by
I such cash settlement contracts, the traders make/
s to settle any losses or gains on exercise/maturity of

d of making physical delivery.

Ap options
cash p;x_\'mcnt.
receive paymett
the contract instea

Assets Underlying Options

The asset that can be bought or sold with an option is known as the
ng assek, OT simply, the underlying There is a wide variety of

F JY R
nadrivi

u:l\“

assets ON which options are traded the world over. The assets range
from agri':culmral commodities including wheat, live cattle and live
hogs to foreign currencies, and from interest rates to individual stocks
and stock indices. For instance, the Chicago Mercantile Exchange in
USA deals with options on items listed below:
) Agricultural commodities including feeder cattle, live cattle,
live hogs, broiler chickens, and random length lumber,
(ii) Foreign currencies including the British pound, Canadian
=" dollar, French franc, Japanese yen, Swiss franc, Deutsche mark,
Australian dollar, Currency Forward etc,,
(iii) Interest rates including Eurodollar, Euromark, 90-day Treasury
bill, one-year Treasury bill etc, )
(iv) Stockindices covering S&P 500 Index, S&P Midcap 400 Index,
Nekkei 225 Index, Major Market Index, Russel 2000 Index
and FT-SE 100 Share Index.

For each type of options contract, contract sizes aré provided. For
example, in options on stocks, one contract generally gives the holder
the right to buy or sell 100 shares. In case of options on foreign
currency, similarly, the size of the contract varies with the currency
underlying it. i

= .

jA Sample C_ommc;dity Options Contract

A sample options contract on wheat tradéd at Chicago Board of’
';frade (CBOT) is presented in Box 4.1. Evidently, one contract
involves 5,000 bushels of a specified variety of wheat or alternatives
3s provided by the éxchange. The price of one contract moves in
units of § 12.50. ' ) )
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_ Box 4.1 _ - Specifications for Options Contract on Wheat
Tyading Unit 5000 bushels
Symbol W

Deliverable Grade No. 2 Soft Red, No. 2 Hard Red Winter, No. 2 Dark

Northern Spring at par, and other permissible

substitution
Price Quotation Cents and quarter cents per bushel
Tick Size 174 cent per bushel, $ 12.50 per contractl

Contract Months Mar, May, Jul, Dec

Last Trading Day ~ Seven business days before the last business d-ay of the
*  contract month

Source: CBOT

Index Options Index options are also very popular. In case of options
on indices, a contract usually provides for a certain multiple of the
index. For instance, contract specifications for TOPIX (Tokyo Stock
Price Index) stipulate the contract unit to be Yen 10,000 :imes
TOPIX. Similarly, the S&P 100 and S&P 500 are the indices niost
popularly traded indices in the USA. One contract in such vases
provides to buy or sell 100 times the index at the specified strike
price. To illustrale, we may consider one contract on the S&P 100
with a strike price of 262. In case it is exercised when the index is-at
280, th writer of the option would pay tke holder a sum of (280 -
262) x 100 =$1800. The index value used is the value as at the end of
the day, when the exercising instructions are given. Index optians
are also traded in India. They are available on tic Sciisex of The

Stock Exchange, Mumbai, and S&P CNX Nifty of-the NSE.

Options on Futures Many exchanges provide for trading of options.
on futures as well. In such an option, the underlying asset is a [utures
contract. The futures contract normally matures after the e)ij‘"f‘;io.“
of the option. When the holder ola call option decides to exercise it,
he/she acquires from the writer (i.e. the seller) of the option a long
position in the underlying futures contract plusa cash amount 'equal
to the excess of the futures price over the exercise price. Slmllﬁd)’j
when the holder of a put option exercises, he/she acquires a short
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position in the underlying lutures contract and a cash amount equal
to the excess of exercise price over the futures price. In each case, the
futures contract has a zero value and can be closed out immediately.
Evidently, then, the pay-off from a futures option is the same as the
pay-off from a stock option with the stock price being replaced by the
futures price. In USA, such contraclts are exlensively traded on assets
like treasury bonds, soybeans, crude oil, live cattle, gold, Eurodollars
etc.

Stock Options Although a variety of options are traded the world
over, our focus in the following discussion will be primarily on
options on stocks (shares of companies). Thatis to say, we shall be
concerned here basically with the ¢all and put options on shares of
companies, traded in the exchanges. Besides, options on stock
indices and options on futures are discussed in Chapter 6.

Sample Contract of Options on Individual Stocks

Specifications of a sample contract on individual stocks, as traded in

the Indian markets, is given in Box 4.2. Options on individual stocks

are traded at the National Stock Exchange (NSE) and The Stock

Exchange, Mumbai (BSE). A glance at the contract specifications

reveals the following:

(a) As of nowyoption contracts are permitted on atotal of 31 stocks.

(b) The options are American style so that they can be exercised at
any time before the expiry of the contract. -

(c) The contracts on different stocks involve different number of
shares. They depend-on the prices of the underlying securities.
Alinitiation, a contract has to be worth at least Rs 2 lac in rupse
terms. P

(d) For determining the gain/loss on a contract at the end of a day,
the closing price of the-underlying security in the cash market
segment of the exchange is considered. .

(e) Settlement is done on a T + 1 basis. This means once an option is

"exercised (or deemed so), the settlement of the contract is done
by the following trading day. The settlement does not involve
transfer of shares. It is dohe on a cash basis.

The other characteristics of the contracts are detailed at appropriate
slaces.
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== Box 4.2 = Contract Specifications for Options on
‘ Individual Stocks

]

Item Specification

——_

Individual scrips as instructed by SEBI (given in
Box 4.3)

Undzr[yiﬁg Unit

Ticker Symbol As specified in Box 4.3

Contract Multiplier - Ag specified in Box 4.3
Strike Prices Shall have a minimum of five striken (2 in-the-

money, one ncar-the-money, and 2 out-of-the-
money)

Premium Quotation Rupees per share

-

Last Trading Day Last Thursday of the contract month, If it ig a |

holiday, the immediately preceding business day

| Expiration Day Last Thursday of the ‘contract month, If it is '/

holiday, the immediately preceding business day

Note: Business day is a day durfng which the
underlying stock market is open for trading.

Contract Month . 1, 2, and 3 months, e.g. in the month of July:-.

‘ July, August and September contracts would be
available for trading. New contract is introduced
on the next trading.day following the expiry ‘of |

>

near-month contract, . “. ’
Exe;cisetgtyle _ American - w )
Seitlement Style Cash (I n cash on T + | basis) g
Trading Hours 9.30 a.m.-to 3.30 p.m. T |
Tick Size -'q.m ' - |

Closing price of the underlying security in the cash |
segment of The Stock Exchapge, Mumbai. *

The fqﬂowing'algt;mhm' is used for calculating the i
closing value of these stocks in the cash sekment. |

|

—
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Margins

Exercise Notice Time

Settlement Day

session,

. If'th'ere Ar€ no trades during the last fifteen
. minutes, then the |ag traded price in the

continuous trading sess;
i on would be ta
official closing price. sy

It would be a specified time (Exercise Session)

every day.

- All in-the-money options by certain specified ticks

would deemed to be exercised on the day of expiry
unless the participant communicates otherwise in
the manner specified by the Derivatives Segment.

Last trading day -

Upfront initial margin on daily -basis

Sour"ce: The Stock Exchange, Mumbai

= Box 4.3 = List of Securities on_which Options
' Contracts are Available
NS, No. Name P Symbol - Lot Size
1‘ Associated Cement Co. Ltd. ACC 1?00-
2. Bajaj Auto Ltd. T A 800
3. Bharat Petroleum Corporation Ltd. ) __l_%PC_ 1100
T | - Bharat Heavy Electricals Ltd—. i BHE 1200 )
5., ¥ BSES.Lud. ) : BSE~ 1100
6. CIPLA Ld. - | crp _ - 200
i Digital Equipment (I) Ltd. DIG
- 8, Dr. Reddy’s Laboratories - _ ~ "DRR
9-: Grasim Industries Eid. o | GRS
10.  Gujarat Ambuja Cement Ltd. GAC
11, Hindustan Lever Ltd. - o HLL

R I )

b
'| A

5&'.‘&:? '

it )

Al 48

It

fg‘;“ Aol

fh

.“'
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12. Hindustan Petroleum Corporaton Ltd. HPC 1300
13. Hindalco Industries Lid. HND - 300
14. HDFC Ltd. HDF 300
15. ICICI Lud. ICI 2800
16. Infosys Technologies Ltd. INF 100
17. ITC Ltd. ITC 300
[8.  Larsen & Toubro Ltd. - LNT 1000
19.  Mahindra & Mahindra L4d, MNM 2500
20. Mahanagar Telephone Nigam Ltd. MTN 1600
21.  Ranbaxy Labs Ltd. RBX 500
22, Reliance Petroleum Ltd. RPL 4300
23. Reliance Industries Ltd. RIL 600
24.  Satyam Computer Services Ltd. SAT 1200
25.  State Bank of India SBI 1000
26.  Sterlite Optical Technology Ltd. SOT 600
27.  TELCO Ltd. 3 ' TEL 3300
28.  Tata Power Co, Ltd. TPW 1600
29.  Tata Iron and Stee] Co. Ltd. -TIS . 1800
30. _Tata Tea Lid. TAT 1100
31" Videsh Sanchar Nigam Lid. VSN 700

Standardized Options have g
The date mentioned in ap op
the maturity dae pgy
Different types of op

pecified dateg mentioned for maturity.,

tions contract ig called expiration date or
er the maturity date, an option has no worh.
tions have different €Xpiration dates.

Of contracts o TOP
ange in Japan jg the business

IX options on the Tokyo
Frid-ay, €Xxcept that the expirali

day prior to the sécond
on date for March, June, September
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and December contracts iy the second Friday. For the exchanges in
the US.A. on the other hand, the expiration dute falls on the
Saturday following the thivd Friday ol the month of expiry.
Generally, three life eyeles are used there lor options, S0 (hat each
stock option Lalls into one ol the three cycles that determines its
expitation months. The three cycles and the months included in

various cyeles are indicated below:

w January eycle—January, April, July, and Oclober
m February cyele—Februavy, May, August, and November
w March eycle~-March, June, September, and December

For each cycle, the expiration months are as given in Table 4.1
With reference to the above information and the information in the
table, we see that there are always options that expire in four months
available; of which two months are the upcoming ones and two
others are distant onus. For example, in the January cycle given in
the table, it may be observed that [rom March 24, 2003, (i.e. the
Monday following the third Friday) to April 18, 2003 (which is the
third Friday of the month), options expiring in April, May, July and
October would be traded. Necte that while options expiring in March
would already have been expired on the third Friday of March, 2003
and hence would not be available in the current period, the options
with expiry in April (i.e. current month) and May (next month) would
be available and so will be the options with expiry in July and
Oclober (see list above showing months included in various-cycles).
In Table 4.1, options expiring in May have been shown italicized to
indicate that they would be the newly introduced options in this
period. In the same way, from Aprii 21, 2003, the Monday [ollowing
the third Friday, to May 16,2003, the options in this cycle with expiry
in the months of May, June, July and October would be traded. The
‘options with expiry in-April would have expired during the period
under consideration and the ones with June would have been intro-
duced. -

S

In India at present, a total ol three series of contracts are available
for trading on a given day—the near month contracts, next-month
contracts and distant-month contracts. To illustrate, in the month of
September.of a given year, the contracts expiring in September,
October and November can be traded before last Thursday of the
month when the September contracts would expire. From the
following day, the December contracts would be introduced so that
the October contracts become near-month contracts and the
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November and December contracts being the next month ang the
distant-month contracts. '

= Table 4.1=
Option Cycles
From Monday after  Upto 3rd Months Available O
Jrd Friday of Friday of
1. fanuary cycle: -
January February Feb Mar Apr Jul
February March Mar Apr Jul Oct
March April Apr May Jul Oct
April May May Jun Jul = Oct
May June Jun Jul Oct Jan
June July Ju  Aug Oct Jan.
July August - Aug  Sep Oct Jan _
August September Sep Oct Jan Apr
September October Oct Nov Jan . Apr
October November Nov Dec Jan Apr
November December Dec Jan Apr Jul
December January Jan Feb - Apr Jul
2. Febreary cycle: _
January February Feb Mar May Aug
February March Mar Apr May Aug
March April Apr May Aug Noy
April - - May May Jun Aug Nov .
May N June " Jun Jul Aug Nov- T
June July Jul Aug Nov Feb I
July August Aug Sep Nov  Feb-
August September Sep Oct Nov. Feb:
September ~ October Oct - Nov - Feb - May
October _ November Nov Dec " Feb May
November } December Dec Jan Feb- - May
December. January Jan Feb -May Aug
3. March cycle: - i - 3
January February Feb .~ Mar-  Jun Sep
Febnurary March Mar - Apr Jun Sep
March April Apr May Jun Sep- ~
April May May.  Jun Sep Dec
May - June Jun . July Sep Dec -
June _ - July July Aug Sep- Dec - |
July - August Aug “Sep  -Dec- .Mar .
August September . Sep ’ Oc¢t - Dec Mar ‘
September October Oct Nov Dec Mar } |
October November Nov Dec - Mar Jun 1
November December Dec Jan _Mar  Jun . |
December _January Jan  Feb Mar Jun _4;_‘

Financial Derivatives MBA Sem. ll|

108



SHREE H. N. SHUKLA COLLEGE OF MANAGEMENT STUDIES, RAJKOT

Exercise Price

It is the price at which tl?e parties with the long and short positions
buy and sell the underl)’lflg asse%, Fo_r.example, in a December call
on shares of a company with a .st.nkg: price of Rs 90, the implication is
thatthe party with the long pqsﬂ:non shall, at its option, buy 100 shares
(if the call involves 100 shares) of the company at a rate of Rs 90 per
share. The “strike price” of Rs 90 is also called the exercise price.

In the case of options on stocks, the exercise prices on which
options on a particular share are to be traded are selected by the
exchange. Typically, exercise (strike) prices just above and below the
current market price of the underlying share are opened for trading.
If the price of the share becomes higher than the highest strike price,
the exchange would introduce a new series of options prices for all
expiration months with astrike price just above the old highest strike
price. Similarly, if the price of the share becomes lower than lowest
strike price, a new series of options prices for various expiration
months with a strike price just below the old lowest strike price would ,

be issued by the exchange.

It ,rnay be noted that the standardized-options have uniform exer-
cise prices in certdin increments. In the American options markets
for instance, the options traded have uniform striking prices in the
increments of $ 2.50 or $ 5, depending upon the price of the
underlying stock. Generally, strike price intervals of $ 2.50 are used
for stocks priced below $ 25 or for stocks with relatively low volatility. .
In cage of stocks which quote at high prices, may be $ 200 or more,
the §t?ikeprice intervals of $ 10 are also used: :

For trading in the Indian markets, an exchange provides for a
minimum of five strike prices forevery option type, namely call and
put, duririg the trading month. Two of the contracts with strike prices
above, two of them having strike prices below and one contract with
exercise price equal to the current_price of the security. The strike

Price intervals for options are as given here: - -

Price of Underlying s . Strike-price Interval

< Rs 100 - . 5 -
>"Rs- 100 and < Rs 200 10.-

- RS 200 and < Rs 500 T - - 20

> IRs 500 and < Rs 1000 < .o 30 y
> Rs 1000 and < Rs 2500 50 E
> Rs 2500 100 5
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New contracts with new strike
are introduced for trading on
underlying closing values,
strike price for options eq

_the underlying security is
strike price interval,

prices for existing expiration dates
a day, based on the previous day’s
as and when required. For deciding on the
ual to the current price, the closing valuc of
rounded off to the nearest multiplier of the

Option Premium

A glance at the rights and obligations of the buyers and sellers reveals
that options contracts are skewed. One may naturally wonder as to
why the seller (the writer) of ai option should be always obliged to
sell/buy an asset whenever the other party desires. The answer is that
the writer of an option receives a consideration for the obligation he/
she undertakes on himself/herself. This is known as the price or the
premium of the option. Option contracts are created when a buyer
and a seller agree on a price. The buyer pays the premium to the
selier which belongs to the seller whether the option is exercised or
not. If the owner of an option decides not to exercise the option, the
option expires worthless, the amount of premium becomes the profit
of the option writer, while if the option is exercised, the premium gets
adjusted against the loss the writer incurs upon such exercise.

Comparison of Market Price of the Asset and the Exercise
Price: In-the-Money, At-the-Money and Out-of-the-Money
Options -

Atany time, an gption may be in-the-money, at-the-money or out-of-the-
money. A call option i8 said to be in-the-money if the price-nf the stock
(which we shall assume is the underlying asset) is greater than the
exercise price, while if the stock price is smaller than the exercise
price, the call is said 40 be out-of-the-money. For the put options, i
‘reverse holds, so that if the exercise price of a put is greater than the
stock price, then the put is said tg be in -the-moneyand out-of-the-money
if the former is aTower than the latter. In each case, however, the
option is said to be at-lhe—money if the stock price matches with the
“exercise price. These concepts are tabulated below, wherein &

indicates the present value of the stock (i.e. the value at a given point
-of time) and Eis the exercise price: )

Condition Call Option Put Option
S>> E In~the-Money Out-of-the-Money ’-
SH<E Out-of—the-Money In-the-Money
S=E At~the-Money At-the-Money .
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Intrinsic Value and Time VYalue

The premium or the price of an option is made up of two compo-
nents, namely, the intrinsic valueand the time value. The intrinsic value
is also termed as the parity valueand the time value as the premium over
parity.

For an option, the intrinsic value refers to the amount by which it is
in money if it is in-the-money. Therefore, an option which is out-of-
the-money or at-the-money has a zero intrinsic value.

For a call option which is in-the-money, then, the intrinsic value is
the excess of stock price () over the exercise price (E), while it is
zero il the option is other than in-the-money. Symbolically,

Intrinsic Value of a Call Option = Max (0, S, - E).

In case of an in-the-money put option, however, the intrinsic value
is the amount by which the Exercise Price (£) exceeds the Stock Price
Sy, and zero otherwise. Thus,

Intrinsic Value of a Put Option = Max (()., E-5).

The time value of an option is the difference between the premium
of the option and the intrinsic value of the option. For a call or a put
option, which is at-the-money of out-of-the-money, the entire
premium amount is the time value. For an in-the-money option, time
value may or may not exist. In case of a call which is in-the- -money,
the time value exists if the call price, C, is greater than the intrinsic
value, S, — £ Generally, other things being equal, the longer the time
of a call to maturity, the greater shall thé timg value be.

This is also true for the put optiofis. An in-the-money put option
has a time value if its premium exceeds the intrinsic value, E - So-
Like for call options, put options which are at-the-money or out-of-
the-money have their entire premla as the time~ value Accordingly,

Time Value of a Call = C - {Max (0, §, - E)}, and
Time Valae of a Put= P- {Max (0, E - S,))
Example 4.7 T -

Consider the following data about calls on a hypothetical stock:

?} Option Exercise Stock Call Option Classification

. 3 Price Price Price
_". 1 Rs 80 Rs 83.50 Rs 6.75 In-the-money
S Rs 85 Rs83.50  Rs250 Out-of-money
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The first call is in-the-money while the second one 18 oul-of-.lhc-money,
respeclive exercise

as may be observed from the stock prices nn(ll the core
we may show how the market prices of the two calls Can

prices. Now,
1 intrinsic and time values.

be divided betwee

opti RY K C Irxt(l'llsx'c Time
oot ‘ Value Value
max (0, Sy - E) C - max (O,SSO - E)
| 83.50 80 G6.75 3.50 6.75 Z5) & s
2.50 -0=2.50

2 83.50 85 2.50 0

Options and the OCC

The provisions specified in the options contracts are guaranteed by

the Options Clearing Corporations (OCC). The buyers and sellers of
options do not deal with each other directly. Instead, the clearing
corporations act as an intermediary between them, by’ issuing
standardized options and by ensuring that the the options contracts
are honoured. It should, however, be understood that an option
clearing corporation by itself does not buy and sell options. The OcCC
comes into picture only after two parties trade a contract. It takes an
opposite position to each of the traders—a short position in respect of
the party with the long position and a long position against the party
with a short position. Thus, the buyer of an option relies on.the OCC
for fulfilment of Qontractual obligations. Similarly, the option writer

has an obligation to the OCC.

Open Interest N ' .
Every time a trader takes a long or short position in dan options
contract, it either adds to his existing interest in the option or reduces
it. To illustrate, if"an investor already holds a net long position in an

opiions ‘cuntract, a new long position will add and.a new short.

position willreduce his exposare in the contract. However, at any
given point in time, the total outstanding long positions in respect.Of
fm.options contract are exactly equal to the total outstanding positiorls’
in it. ’I_‘he number of outstanding positions ata é—iven time is known as
open interest:-The open interest in an options contract is an index of
its hquidi‘ty. The financial press regularly pnblishes-i—nforr-natior-l on
the cpen mt?rest ir‘1 addition to the usual pi'ice data. A sample of such
data as published in India is given in Box 4.4. \
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(;ptions to Option Holders

|

| ' S
Once a call or a put option is bought and sold, the holder of it may
take one of three courses of action, on-a given day. They are:

1I. Do nothing.
9. Close out the position in the options market. This may be done

by reversing the transaction so that, for example, one who is
long, the call option (i.e. one who owns a call) may write a
matching call option, or the one who has written a call earlier
may buy one. Also, the owner of a call or put may sell it at the
current market price.

3. Exercise the option if it is an “American” one. In case of a call
option, the call ‘writer would have to deliver the underlyi-ng
asset and the holder of the call would pay an amount equal to’
the exercise price. Similarly, if the owner of an American put
decides to exercise the option, the seller shall be obliged to buy-

the underlying asset and pay the owner an amount equal to the

exercise price.

-~ -

Box 40\4

Publishéd Information on Option Prices

Ll

i

No of Con'ﬁ'acts] Opén Int. Exp.Dale

Con!ﬂ:ls (Su Pr.) Prgmxum [Traded Q_ly Notion Value in Rs. Lks,
Y, . S (W i %ﬁ -‘,i‘:

.m?"' DRI ;
SEE .Mﬁi‘wﬁ&m

Call Options o 5 -
QLEILUSO) T Y P — e ————— ] :azgoo... ﬁf,f},’iﬁjﬁﬁ;’
(R30) 15:38 (-, =, =] ceerveeesc : . e  30/05/
Reliance Inds. (300) 287 05 [- A E— ....llggg ...2255//:))://“;:])83

Satyam (280) 259.55 [=, =, ] -eresssssssseeses S — —
Satyam (260) 259.55 [, - e Tere—— 1200 .. 25/04/2002
Sterlite Opt. (140) 133.25 [-, o e AR e 4200 . 25/04/2002
Put Options = o » )

) ) T 800.. 25/04/2007

Digital Global (510) 680,75 [=, = ) = i

Stethle Opt (130) 13325 [= = -] . s

-~

= = - 5 “ 1
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Call Options

ACC (160.00) 0.10, 0.10, 0.05 [97500, 156.06, 65] vverroeoesorern
ACC (170.00) 0.05, 0.05, 0.05 [6000, 10.20, ] [—
ACC (150.00) 6.40, 7.25, 6.10 63000, 98.77, 42| ...
ACC (160.00) 3.00, 3.30, 2.75 [33000, 53.78, 22] ...
ACC (170.00) 1.30, 1.30, 1.05 [22500, 38.52, 15] ...

BHEL (200.00) 1.00, 1.00, 1.00 [3600, 7.24, 3] ...
BPCL (280.00) 4.85, 4.05, 1.00 [20900. 59.14, 19] ......ooovooercc o
BPCL (300.00) 0.05, 0.03, 0.05 [2200, 6.60, 2] ..vevereersececrs oo

ACC (140.00) 12.00, 12.00, 12,00 [1500, 2,28, 1] wovvovvemmrerrinsseisieiescseseesesseeseres s
ACC (150.00) 3.50, 3.50, 1.00 [150000, 228.96, 100] ... vvvoreresnerirecercerseseesscssssesessessseess

Digital Global (600.00) 100.00, 100.00, 92.00 [200, 8.36, 3] ...
Digital Global (630.00) 60.10, 62.00, 55.00 [5200, 35.84, 13| ......
Digital Global (660.00) 43.90, 45.00, 22.00 [33200, 229.04, 83| ..
Digital Global (690.00) 12.05, 16.05, 0.Z5 | 72000, 501.26, 180) ..
Digital Global (720.00) 3.75, 4.75, 0.50 [17200, 124.25, 43] ...
Digital Global (630.00) 78.00, 78.80, 69.75 [1200, 8.44, 3] vvevveveceerreososooon
Digital Global (660.00) 50.50, 50.50, 46.00 [8400, 59.42,21) voovvoccrovvrooooo
Digital Global (690.00) 31.65, 35.80, 27.10 [36000, 259.44, 90) ..
Digital Global (720.00) 20.00, 20.00, 13.50 [25200, 185.71, 63 .....
Digital Global (750.00) 15.00, 15.00, 8.10 [1200,9.13; 3] ..7......
Dr. Reddy's (1050.00) 6.50, 8.00, 2.00 [2400, 25.33, G ...
Dr. Reddy's (1100.00) 010, 0.10,0.10 |400, 4.40, 1] ..7.....
Dr. Reddy’s (1050.00) 31.00, 32.20, 31.0012800, 30.28, 7|
Dr.-Reddy's (1100.00} 15.00, 15.00, 15.00 400, 4.46, 1| ......
Dr. Reddy's (1150.00) 8.10, 8.10, 8.10 [400, 4.63, 1] ..........
HLL (200.00) 9.50, 10.00, 9.50 [3000, 6.29, 3] ................
HLL (220.00) 0.05, 0.05, 0.05 [4000, 8.80, 4] ..x-
HLL (210.00) 0.65, 1.25, 10 (27000, 56.89, 27] ..
-JHLL (230.00) 0.05, 0.05, 0.05 [2000, 4.60, 2] .....
HLL (220.00) 3.20, 3.20, 2.00 17000, 37.82, 17] ...
HLL (210.00) 6.00, 6.05, 4.90 {19000, 40.93, 19]

.. 277500 ...
v 317500 ..
. 240000 ...
v 14500 .,
.. 124500 ...

25/03/2002
25/04/2002
25/04/2002
25/04/2002
30/05/2002
30/05/2002
... 30/05/2002

Bajaj Auto (480.00) 3.00, 3.00, 3.00 (800, 3.86, 1] wcooo. .. 1600 ... 25/04/9002
Bajaj Auto (480.00) 15.00, 15.00, 15.00 [800, 3.96, ] ........... . 800 ... 30/05/2002
BHEL (160.00) 2.00, 2.00, 200 [1200, 1.94, 1] weoooeooeoreoooeoooooooo . 8400 ... 25/04/2002
BHEL (170.00) 0.50, 0.50, 0.05 [20400, 34.71, 17] woovoooooooo 88800 ... 25/04/2002
BHEL (190.00) 0.05, 0.05,0.05 [120(), 2.28, l] 216000... 25/04/2002
BHEL (200.00) 0.05, 0.10, 0.05 [7200, 14.41, 6] wvoovovvssooooe 157200 ... 25/04/2002
BHEL (160.00) 12.90, 12.90, 800 {15600, 26.44, 13] oo 14400 .. 30/05/2002
BHEL (170.00) 7.30, 7.30, 3.70 129600, 22.693, 108] . 17400 ... 30/05/2002
BHEL (180.00) 4.00, 4.00, 2.00 [52800, 96.52, 44] .............. 111600.... 30/05/2002
BHEL (190.00) 1.50, 1.50, 1.50 1200, 2.30, 1] w.ooooovros.. 3600 ... 30/05/2002

.. 30/05/2002
.. 25/04/2002

......................... 141900 .. 25/0.4/2002
BPCL (320.00) 0.05, 0.05, 0.05 (5500, 17.60, 5] .. . 214500 ... 25/04/2002
BPCL (340.00) 0.05, 0.05, 0.05 [13200, 44.89, 12) +-rroeoooovorov 182600 ... 25/04/2002
BPCL (360.00) 0.05, 0.05, 0.05 [2200, 7.92, 2] oo 79200 ... 25/04/2002
BPCL (260.00) 32.00, 32.00, 32.00 [1100, 3.21, 1] ... . 6600 ... 30/05/2002
BPCL (280.00) 16.25, 17.00, 11.00 [59400, 17.468, 54 ... . 130900 ... 30/05/2002
BPCL (300.00) 8.45, 8.60, 8.60, 6.20 [45100, 138.67, 41] . - 154000 ... 30/05/2002
BPCL (320.00) 3.90. 3.90. 2.90 [15400, 49.79, 14] ............ ..04600 ... 30/05/2002
BPCL (340.00) 1.50, 1.50, 1.00 [12100, 41.29, 11] ecorroooooeoereceeeeeeoooooooooooooeooeoeoeoeoo 66000 ... 30/05/2002
Cipla (1000.00} 0.50, 0.50, 0.50 [200, 2.00, 1] ..oooeseeeeeerrevseressssessssseessooseeooeoeooeoeoooeeeoeoeooeoee 800 ... 25/01/2002
Cipla (1050.00) 0.25, 0.25, 0.25 [400, 4.20, 2] ..o oorooeeoeeoeeeeeeoeeooeoooo 9400 ... 25/04/2002
Cipla (1000.00) 31:20, 31.20, 26.00 (2600, 26.76, 13| .......... R 3800 ... 30/05/2002
Cipla (1050.00) 13.50, 13.50, 11.15 {600, 6.37, 3] ..rvcccorocce. .. 1000 .. 30/05/2002
Digital Global (570.00) 112.00, 115.00, 91.00 [3200, 31.33, 8 e 4400 .7 25/04/2002

.. 25/04/2002
.. 25/04/2002
. 25/04/2002

). 25/04/2002

.. 25/04/2002
... 30/05/2002
.. 30/05/2002
.. 30/05/2002
.. 30/05/2002
.. 30/05/2002
o 25/04/2002
.. 25/04/2002
. 30/05/2002
.. 30/05/2002

... 400 ... 30/05/2002
11000 ... 25/04/2002
163000 ... 25/04/2002

HLL (200.00) 15.00, 15.00, 12.00 (2000, 4.27, 3] ... 3000
HLL (960.00) 7.00, 7.00, 0.10 {16900, 44.53, 13] ..o 0000

.. 25/04/2002
e 25/04/72002
... 3070572002
. JO/0572002
.. 30/05/2002
.. 25/0472002
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Put Options

ACC 1500 00 45 005 [42000, 6308, 28] .

BHEI
BHEI]
BHEL 17000, 7 50,000,655 [48400, 68.36, 32|
APCL 22000, 120 3.40.0.75 [34100,95.17, 31] ...
BECL oo 1495, 1495, 1495 (1100, 3.46, 1] ...
RPCT 420000 1600, 40 00, 36,00 [2200, 7.88, 2] ...
BICT 200 0010 2 00,4 00, 224 (13200, 34.75, 12)

[Sens 15O, 15 00, 15,00 [1200,2 34, 1)

45100 ... 30/05/2002
APCL 290000 900, 1200, 9 00 [46200, 13390, 2 coooveveeoeo . 88000 ... 30/05/2002
BPCT a0 on) 2110, 2550, 21 10 9900, 32.03,9) . 23100 ... 3070572002
BPCL 3200000 44 00,44 00, 44.00 [1100, 4.00, 1]

Cepla 1000 001 804, 8 00, 8.00 [200, 2.02, 1] oo
Crpla (1000 600 25 (4, 25 00, 25.00 (200, 2.05, 1] ....

ACC THe0 00y 100, 100, L7500 10I58:5] e v oo . 9150 ... 30705/2002
ACC{1.50/0m 12K, 125295137500, 57.30,25] usncemssesinsisse 57000 ... 3070572002
BHEL 170000 295 44952 00 [4800, 830, 4]

P R0, 00, 480, 100 (15600, 2551, 03] oo

cvnncnneenn 286500 .., 25/04/2002

< 4GB0 ... 25/04/2002
- 57600 ... 25/04/2002
12000 .. 3070572002
46800 ... 30/05/2002
. 75900 ... 25/04/2002
81400 ... 25/02/2002
14300 ... 25/04/2002

.. 3300 ... 30/05/2002
400 ... 25/04/2002

Digieal Global (600001 0 10, 0.20, 0.10 [2000, 12.00, 5] ..
Digital Global (630.00) 015, 0.20, 0.10 IIGOO, 10.08, -SI ..........
Dizmtal Glabal (060 00) 1.00, 120, 0.20 19200, 60.80, 23] .

200 ... 30/05/2002
53200 ... 25/04/2002
61200 ... 25/04/2002

Dizatal Glabal 0 04] 5 (6, 10.00, 3.00 144400, 308.93, 111)
D:gial Glabal (720 00, 20.10, 30.00, 20.10 [800, 5.96,-2|

57600 ... 25/04/2002
42410 ... 25/04/2002

Digatal Global (600 00) 5.00, B.45, 5.00 (1600, 9.71, 4]

7200 ... 25/04/2002

Drgatal Global 1620 060) 12,50, 14.00, 12.50 {3600, 23.16, 9|

1600 ... 30/05/2002

Dugieal Glabal (660 601 20.00, 26.00, 19.25 [5200, 35.51, 14] ...
Digital Global (690 (4] 30.00, 43.50, 30.00:[9600, 69.83, 24] ..

4400 ... 30/05/2002
6800 ... 30/05/2002

HLL (21000 150,250,060 [12000, 25.38, 12| ...
HLL (21000 4,95, 495 4.00 [12000, 25 76, 12] ..........
HLL (200 04y 3 10, 3.00, 2.00 [9000, 18.22,9) ..covvoeeee
HPCL 1260 60)0.70, 1 0,, 0,50 [28600, 74.57, 22]
HPCL (22000 1K.70, 20 00, 18.70 (2600, 7.78,2] woveveveve...
HPCL (270 00) 300, 550, 3.00 [15600, 42.78, 12] .
HPCL (300.00) 35 00, 35 00, 35.00 [1300, 4.36, 1} .
HPCL (24045) 220, 3.25, 2.20 [39000, 94.58, 30] .....

-10400 ... 30/05/2002
46000 ... 25/04/2002
13000 ... 30/05/2002
12000 ... 30/05/2002
67600 ... 25/04/2002
122200 ... 25/04/2002
... 14300 ... 25/04/2002
22100 ... 25/04/2002

HPCL 1260 04)) 6,50, 10.25, 6.50 [48100, 129.20, 37 .
HPCL (280 (0] 20.00,23.90, 20.00 [10400, 31.34, 8]
HPCL 1200 00) 40.00, 40.00, 40.00 (1300, 4.42,1] ...
ICICT (60.00] £ 40, 4,40, .40 (2400, 1.80, 1]

ICICLit 0] 500, 5 00, [2800, 1.32,1].

ICICI (55 00) 180, 200, 120 [16800, 9.5, 6 cooereorereoro

71500 ... 30/05/2002
.. 140400 ..- 30/05/2002
....53300 ... 30/05/2002

2400 ... 25/04/2002
16800 ... 30/05/2002

.............................................. 2800 ... 30/05/2002
Infosys (3700.00) 3.0, 5.00, 1.00 1100, 40.72, | 1 .. 25400 ... 25/04/2002
Infosys (3800 () 10.00, 20.00, 5.00 (11600, 442.18, 116) R 25500 ... 25/04/2002
Infosye (3900 00) 50,00, 109.00, 50.00 (4900, 194.71,49) 200t 6700 ... 25/04/2002
Infosys (4000 60) 125.20, 200.00 125.20 (700,2928, 7] oo 4500 ... 25/04/2002
Infosys (3506.00) 38,495, 38 95, 38.95 (100, 3.54, 1] coovree. v oo Tisssriorenariss "o 200 ... 30705/2002
Infozys (2600 60) 55 00, 55.00, 55.00 [100,3.66, 1] vevveooo oo S . 2000 ... 30/05/2002
Infosys (37G0.00) 7200, 86.00. 72.00 {1400, 52.91, 14] .. e i S 3800 ... 30/05/9002
Infosys (3800.00) [10.00, 123.90, 110 00 [2800, 109,79, 28] coooooo.. TR 5300 ... 30/05/2002

Infasys (3900.60) 152.00. 109 95, 152,00 (300, 208, 3] oveereeeeooo 3800 ... 30/05/2002
Infosys (4000 00) 229.90, 23500, 229,50 [300,12.69,3) ... ... v B0 L. 3070572002
ITC t630.00) 4.75, 14.75, 250 3900, 24 81, 03) oo 15000 ... 25/04/2002
ITC (699.60) 70.00, 70.00 70.00 [300, 228, 1) oot 3000 ... 25/04/2002
ITC (630.00] 19.00, 19.90, 17.00 [1200, 7.78, 4] ...ooovocovvevrvresrss oo 1200-... 30/05/2002
L& T (170.00) 1.25, 3.00, 0.85 [19000, 32.65, 19] v.cocoocvsvrvrrvvresosoo 91000 ... 25/04/2002
L& T (180.0) 1055, 13.00, 10.50 |5000,9.55,8) . . ... . 90000 ... 25/04/2002
L& T (170.00) 4.90,6.00, 4.50 (42000, 7356, 42) coooccorovmovvvevesrroo 98000 ... 30/05/2002

L& T (540 00) 11.50, 13.45, 11.50 [14000,26.99, 14) ... T 14000 ... 30/05/2002

L& T (450.00) 2000, 22.00, 20.00 (7000, 18.75, 7] oo 7000 ... 30/05/2002

L &T4:60.00) 1.50,2.15, 1.50 (14000, 22.64, 1] coovvcvsivsvnssossicsssssssssmsssssesssesnenn AB000 .. 30/05/2002
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"__’_.—————’—"_.’r .
25007/0\“
8 A] i ieseseaanassatant LT P R T PTON e 25/04/
&M (105.00) 0.25, 0.25, 0.28 [2500, '2.(:1. S —— 7500 ... 30/05 ’(2’?)02?%
N [108.00) 340,340, 240 2800, 271, . o 9600 25/01
N LL150.00) .00, .00, 005001600, 248, 1] e piggincin
ATTNL (10.00) 7 60,8 00, 7 80 8200473 2] s 8000 . 30/05 /2&‘)’;
TN (120.00) 2.45, 2.50, 248 [4800, 636, 3 s 6000 ... 25/04/200,

5 26 0950 4.20, 1] cooveee
bhaxy Labs (840.00) 0.25, 0.25, 0.25 [500, 4.20,
g:nnm%- Labs (870.00) 1.20, 1.20, 0.45 [2000, 17.42, 4 { ............... (s 2 1 ggg 33;3;;;002
’ : Q 500 7 0300, 21,17, 5] crvvererersenessmssmssnsasssssssssssssasssnsssesmssssssnases
Ranbaxy Labs (§40.00) 6.90, 7.00, 6.05 [2500, v 002
R:nb:&' Lahe (870.00) 13.00, 17.00, 13.00 11500, 13.28, 3] coveremmmsssssersesessssssssnssensanssmnsssssessiess 3500 ... 30/05/200)

Reliance Inds. (280.00) 0.25, 035, 0.05 [15000, 42.04, 25] <o 236400 ... 25/04/2009
Reliznce Inds. (300.00) 12.00, 1265, 10.50 [7800, 2420, 13] o 'ggfgg .

. . 3070572002
Reliance Inds. (260.00) 1.25, 1.35, 1.25 3000, 7.84, 5] 2
Reliance Inds. (280.00) 4.00, 4.45, 3.60 [33000, 93.73, 55| .. 82200 ... 30/05/2002
Reliance Inds. (300.00) 13.00, 14.95, 13.00 [18600, 58.42, 31] .. ... 58800 ... 30/05/2002
Reliance Petro. (30.00) 4.50, 4.50 .......... 12900 ... 25/04/2002

Reliance Petro. (25.00) ) .

Source: The Economic Times, April 26, 2002

The first two choices are available to the call or put option writers
also. For instance, the position of an option writer can be closed out
by a reversal of the previous action by buying an option matching the"
one written earlier. :

In the event that a call/put holder does nothing by the closure of
trading on its expiration date, then the result will depend on the
market price of the underlying asset on the date of expiry. For
instance, for a call option, if the price of the underlying asset is lower
than the exercise price, then the call would expire and become
worthless. For example, if the exefcise price of a call option is Rs 90
and the market price of the share involved is Rs 84 on the expiration
day, then it would not be worthwhile for the holder to exercise the
option. This is because, exercising the option will mean. that the
holder will end up paying Rs 90 for something which can bé bought _
in the spot market for Rs 84. On the other hand, if the price of+the -
underlying asset is here than the exercise price of a call, then it will
be prudent tor the call owder to exercise it and make-praﬁt from the
transaction (this of course assumes that there are no transaction costs)-
That is on account of the fact that the owner gets‘for a price of, say, £,
something which is more valuable than £ '

Similarly, if the price of the underlying asset is more than the
exercise price in respect of a 1 ion, i 6% off

° : Spect ol a put option, it becomes worthless up@‘tl :
f}):plr){‘.. Obv1ously,. if one holds-a put whereby a share can be sold to °

e ertfir for a price of Rs 47, and, suppose the sharé price ‘in the
market is Rs 52, then it will not make any sense to exercise the Put
and sell the share at the rate of Rs 47! The put option will, evfdend}’l'
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_—
be advantageous to exercise i the v

alue of .
. : he : :
lower than the exercise price. . underlying agg0, i

Exércise of Options

do not want to take a Position in t} } .* OPtions because they
most of the investors make a closi

T, which is t icall
brokerage firm. The brokerage firm, ip, turn, assigns it to Oﬂg?or m();'ra
of their customers who wrote t Sore

he option(s),

particular writer, the writer is n

by using a c_losing transaction. Thus, the writer of an option always
carries the risk that the option may be exercised and that he/she may
be called upon to make a delivery. However, this does not pose a

difficulty if the underlying asset is a share which is freely traded in the
market. : ‘

Covered and Naked Calls )

Ifthe owner of a cail decides to exercise the call, then the writer of the
call has the obligation to sell the-underlying asset to the call owner at
the strike price. The writer of the call would receive an amount equal

to the exercise price. The call writer might, or might not, be holding

e urlderlying asset. If a call writer owns the asset uriderlying the
call, he/she js said to have written a covered call. Or the other hand, if
a call is written where the writer does not have the asset underlying

¢ call option, the call is said to be a naked call In the event of a
LeCision 6f the call owngr to exercise the option in the latter case, lhe_
seller of the. call has to buy the underlying-asset at’ils prevailing
Market price and give it to the call~owner. For a call option on a
Certaj

tain share, the required number of shares would be bought and
delivereq. T o

Sirnilarly,';v}-xen' the put positions are opened,-the put buyer gives

€ put Premium to the put writer. If the -owner-of a‘put option
chooses (q exercise the option, the put writer is obliged to accept the
underl)’ing asset at the strike price.
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Margin Requirements

As in the case of futures contracts, the performance of option:
contracts is also assured by the options exchanges (the OCC). Wher
the buyer of an option enjoys the right of its performance on the
exchange, the exchange has, in turn, to make sure that the contrac|
will be honoured. Thus, for example, if I write a naked call, my
broker would need a guarantee in some form that I would have the
necessary funds to be able to deliver the asset, should the buyer of the
option choose to exercise the call, and in turn assure the exchange ol
the performance of the contract. For this, margin requirements exist
as a form of collateral to ensure that the writer of a naked call can
fulfill the terms of the contract.

Accordingly, the writers of options are required to meet the margin
requirements. The requirements vary depending upon the brokerage
firm, the price of the underlying asset, the price of the option, and
whether the option isa call ora put. Asa general rule, initial margins
are at least 30% of the stock price when the option is written, plusthe
intrinsic value of the option. The amount of margin has an influence
on the degree of financial leverage that the investor has and,
consequently, on the returns and risk on the position.

Al

BUYER/SELLER ATTITUDES

Call buyers as bullish because they hope that the price of the
underlying asset will increase. If you buy = call option on a share,
with-a strike price of Rs 150 pershare, then you would be happy.
when the price increases to, say Rs 160, and happier when it rises to,
say, Rs 180. Other things being equal, an option to buy the share at
Rs 150 is obviously more valuable when it is selling at Rs 160 than
when it is selling for Rs 150, and the higher the price beyond Rs 150,
the more valuable would the call be. The call writer, who writes a
naked call, expects the price of'the underlying assel to fall. In such an

event, the writer retains the premium as profit for undertaking to
write the call.

_In contrast to these, the put buyers are bean‘sh—hoping.thfwlt the
price of the underlying asset would scale down—while the writers of
the put options are bullish in nature. Put options are a waste when the
market price of the asset exceeds the exercise price and so whereas

the put buyers would like to see the prices falling, their writers like it
the other way round. =
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OPTION PRICING

We have discussed earlier ‘the’ option price or the oplion premium.
This is because, to begin with, we assumed that there are no
transactions costs involved in trading in the options—whether buying
or selling. In such a situation, an investor can buy or sell shares and
oplions at a single price, without paying any commissions and
buying/selling can be done instantancously. In reality, however, at
ﬂﬂ\ ll[n[‘ there are two pllCCb Oon «ail 0[][]0[1‘;—-/}1‘{[[)[ 1ce d.lld (IS}L pllce
with the ask price being greater than the bid price. The bid price is
the price at which one is prepared to buy an option while the ask (or
asked) price is the prie at which one is prepared to sell it. These
prices are quoted by market makers, the exchange members who
provide liquidity to the market. In case the market makers were not
there, an investor proposing to sell options would have to wait until
some buyer came along and proposed_to buy the quantity offered at
a suitable price. The market makers lend a great deal of liquidity by
providing a continuous market to the buyers and sellers. The
difference between the ask and bid prices is the bid-ask spread, which

is the source of profit for the markel makers.

By assuming that the options are bought and sold at a single price,
we are assuming, in effect, that the bid-ask spread does notl exist.
There is another factor lo be considered here. In a perfectly
competitive market, it is possible to buy or sell any quantity of an
asset at the ruling price without affecting the price. However, the
options markets generally do not have the depth and liquidity to be

- perfectly competitive so that il a large quantity is sought to be bought/
sold, it would allect the option price most llkely »This is wlnt is
. known as the price pressure. -

Thus, reference to merely the price of an opllon is tantfamount to
implicilly assuming the absence of bid-ask spread and the existence
of perfect competition in the options market. We-1 ‘eturn o a
discussion on these concepts later. -

-

Call Opti_on at Expiratior{' i |

"Il the price of the underlying asset is lower than the éxercise price on
the. c,\pmlmn of a_call option, the call would expire unexercised.
This is bedwse no one would like to buy an asset which is available
in the mark:t at a lower price. Il an oul-of-the-money call did actually
sell for a ¢irtain price, the investor can make an arbitrage profit by
selling it '511d earning a premivm. The buyer of the call is then
unlikely to,exercise this option, thus allowing the call seller to retain
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the premium. In the event of (an irrational) exercise of such a caJj :th

g ) . | e

call writer would buy the asset from the market at the Prevaili,

price, S;~and sell to the holder of the call at a rate of £ thereby

making a profit of E - S, in addition to the call premium recei!ved
) |

earlier. |

On the other hand, if the call happens to be in-the-money, it !Will
be worth its intrinsic value, equal to the excess of asset price overtlp
exercise price. If the call price happens to be lower than the intrinsic
value, it will be profitable to buy the call at C, exercise it imrnediat]ely,
by paying an amount equal to £ for the asset to be sold immediately
in the market at a price of S| and-thereby make a profit equal to
S, - E- C, because §; > E, and C< (S, - E). Similarly, if an in-the-
money call option is seiling at a value greater than the difference
between the asset price and the exercise price, an arbitrage*profit can
be made by selling an option, buying the asset and, finally, delivering
the asset on exercise. ' - :

Example 4.2-

A call option involving 200 shares, due to mature, is selling for Rs 3.25
on a share which is selling in the market at Rs 66. The option has an

exercise price equal to Rs 62.

Here, the call is priced lower tham its intrinsic value. An arbitrageur
may buy the call for 200 shares by paying Rs 650, exercise it and get
the shares by paying Rs 12,400. The 200 shares may be 59“*
immediately in the miarket to get Rs 13,200. It would yield a net Pl'?ﬁt
of Rs 13,200 — Rs 12,400 — Rs 650 = Rs 150.

-

Example 4.3 - g 3

S{Jppqse that a call option involving 100 shares s selling for Rs 5-25 f
when the share price is Rs 64 and exercise price is Rs 60. ;

Here, an arbitrageur can self the call on 100 shares to.recéive RS 52_'5
and buy-the sharés for Rs 6400. When the call, being'in-the-mon?)f'll:
exercised, shares can be delivered for Rs 6000. This would resultin #
arbitrage profit of Rs 6000 + Rs 525 - Rs 6400 = Rs 125.

. . s oaal
Thus the price of a call on expiration is a function of the share Pnc-z <0
the expiration, S),"and the exercise price, £ This is equal ¥ i
when § < Eand §; - Ewhen §, > E, - - T

|
—

Put Option at Expiration

a

|

We may détermine the value of g put option at expiratiann.
manner similar to that for a ca|] option. Thus, when at expiratio™’ i
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rice of the underlying asset is greater than the exercise price, the put
will expire unexercised. This is because there is 110 point in exercising
an option (0 sell, for instance, a share for, say I\; 65 when il is selling
in the market for Rs 70. Thus, a rational investor would not exercise
an out-of-the-money option. If such an option was indeed selling in
the market for some price P, it is better for the holder to sell it and
gain the cash flow. Further, if such an option was actually (irration-
ally, of course) exercised, it would benefit the seller of the call because
he could pay E for the asset and sell it in the market for a higher price
S,. On the other hand, ifa put option is in-the-money, then it must
sell for E - 8. Assuming that it was selling at a price higher than the
differcnce between the exercise pr-ice and the asset price, then
arbitrage profit could result. For example, suppose that a put option
is selling at Rs 4.80, while the underlying share is priced at Rs 67 and
the exercise price in the put is Rs 70. Now,-an arbitragéur can sell an
option for 100 shares and receive Rs 480, get the shares for Rs 7,000-
when the option is exercised, sell the shares in the market at Rs 67
per share to receive a sum of Rs 6,700. This would result in a net gain
of Rs 67,000 + Rs 480 — Rs 7,000 = Rs 180. If the market works
perfectly, then no arbitrage opportunity would be possible and the
put would be selling for no more than the difference between the

exercise price and the stock price.

Thus the price of & putoption on expiration is a [unction of the
asset price at expiration, f}, and the exercise price, £. This is equal to

zero when §, > E'and E - §, when §; < E.

Figure 4.1 (a) illustrates that the price of a call option is nil when'
the stock price falls sHort of the exercise price E. This is reflected in
the“horizontal line to the left of E. When, however, the stock pri.ce
(8) is greater than the exercise price, thé call is worth §, ~ £. This
shown by the line at 45 d:egrees., ' - .

Value of Call Option

Value of Put Option
[}
|
|
s
c
m

‘ Exergise Price,  Price of = E-xercise_ Rrice,  Price of
E the Share, §1 E the Share, §4

(a) (b)
> Fig. 4.1 Call and Put Pricing at Expiration
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On the other hand, Fig. 4.1(b) shows the worth of a put option.
This shows that a put option is worthless for the range of stock prices
greater than £, the exercise price. For price below this, the worth of a
put option equals the excess of exercise price over the share price.

Option Pricing-before Expiration

Before the expiration, the options, whether call or put, are usually
sold for at least their intrinsic values. They may, or may not, have any
lime value. We shall first briefly describe about the pricing of the call
options and then about the pricing of the put options. A detailed

discussion about the determination of the premia on options can be
found in Chapter 5.

Call Options Pricing A call option will usually sell for at least its

intrinsic value. (An exception to this may be a. European call on a

share that would trade ex-dividend prior to the date of expiry—if the

amount of dividend be large, the call might sell for less than its

intrinsic value.) To this would be added the time value, if any: longer

the time to expiry, greater is the time value. Thus, the premium on a
call option is a function of the exercise price, the stock price and the

time to expiry. There are other factors also which affect the price of
an option. They are:

1. Variability of the prices (i.e., the variance of the distribution of
stock’s returns) of the underlying share, called the volatility.

2. Interest rate and the dividend, if any, between the current date
and the date of expiration. -

=
o

Whilethe direction of the impact of’these factors on the price of an
option canrbe visualized, the Way they contribute and affect the price
“of call options will be examined in the Chapter 5. Models, like the
Black and Scholes option pricing model, have been developed over
time which not only attempt to determine the price of an option on
the basig of some given data but also provide a tool to find how option
values will change, given a small :hange in one of the parameters ol
the system while holding all of the other parameters constant.

The price of a call option at a time before expiry can be shown as
givenin Fig. 4.2. The figure gives the value of an option with a cerlain
maturity and exercise price £ For stock price values greater than £,
the intrinsic value is equal to the excess of stock price over the
exercise price. Thus, the minimum value of an option (equal to its
intrinsic value) is shown by a 45-degree line starting at £, so as (o
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have a height atany point to the vight ol £ equal to the excess of
stock price (§) over the exercise price (7).
[

Time Value

Time Value

Price of Call Option

! .Lf Intrinsic
_,_,/”T/,| 7 . Value
. A LN R
s E Sy Stock Price

= Fig. 4.2 Call Option Pricing Before Expiration
When the stock price is, say, Sy, the option price would be equal to
S A—intrinsic value plus time value, as shown in the figure. On the
other hand, il the share is priced at §,, the call option is out-ol-the-
mohey and valued at 8,8, comprising only of the time value..

With all parameters remaining unchanged, if the time to malturity

increases, then the curve showing the option value would shift
upward.

Put Options Pricing  Like a call option, a put option would sell for a
price that is at least equal to its intrinsic value, which is the excess of
exercise price over the stock price, when the option is in-the-money,
For an in-the-money opltion, the premium is equal to the-sum of the
intrmsic value and the time value (which, in turn, is a function of the
time (o maturity). On the other hand, the at-the-money and out-ol-

the-money options have intrinsic value of nil and, dccordmgly. their
prices are reflective ol only (he lime value. i~

The price of a hypothetical put option with a certain time (o
maturity and an exefcise price of £is depicted graphically m Fig. 4.3.
The curve showing the price of the option is shown in the figure
above the line depicting minimum value of the option price. This
line, corresponding to the intrinsic value of the option is drawn at an
angle of 45 degrees at point £ to the left of it. This is because the put
option is in-the- monqy when £> §. Asin the case of a call option, the
put option premium s equal to the intrinsic value plus the time value.
An eut-of-the- -money: ‘option, like the one when the stock price is S,
has a premium comprising only of the time value.
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e

- -
9
“
Q.
O
= Time Value
> A |
5]
by T Time Value
a
Intrinsic
Value

S1 E $ -Stock Price
> Fig. 4.3  Put Option Pricing Befom Expiration

"y

l
l
1
|
|
|
|
f
|
|
|
I RISK AND RETURN ON EQUITY OPTIONS l'
|
We may now discuss about the risk and return associated with equlty
options contracts. More details on risks of the parties to an optlon
contract are given in Chapter 7. The analysis here is based on the

following assumptions: - b !
(i) The options are of the European style so that they cannot be

exercised before the date of maturity.
(ii) The option positions are uncovered or naked. The buyer and
the writer of an optioh contract are assumed not to have posi-
] tions in the underlying stéck. :

(iii) There are no taxes and no transaction costs so that a position
can be taken without incurring any cost. Consideration of.
- transaction costs (brokerdge fees, etc.) and taxes would
obv’;ouq]y reduce the gains and increase the losses in a glVeﬂ

gituation.

-

-

First we conzidor the 22! options and fhen the put options. g

Call Options i . L

Consider a call option on a certain share, say ABC. Suppose the.
contract is made between two investors X and Y, who take,
respectively, the short and long positions.. The other details are. gwe“ _
below: ; ) R ")

Expiration month = March, 2003
Size of contract = 100 shares
Date of entering into contract = January 5, 2003 ;

Exercise prlée = Rs 120 ‘
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Price of share on the date of contract = Rs 124.50
Price of option on the date of contract =Rs 10

At the time of entering in to the contract,
Igvestor X writes a contract and receives Rs 1000 (= 10 x 100)
Investors Y takes a long position and pays Rs 1000 for it.

On the date of maturity, the profit or loss to each investor would
depend upon the price of the share ABC prevailing on that day. The
buyer would obviously not call upon the call writer to sell shares if
the price happens to be lower than Rs 120 per share. Only when the
price exceeds Rs 120 per share will a call be made. Having paid
Rs 10 per share for buying an option, the buyer can make a profit
only in case the share price would be at a point higher than Rs 120 +
Rs 10 = Rs 130. At a price equal to Rs 130 a break-even point is
reached. The profit/toss made by each of the investors for some
selected values of the share price of ABC is indicated in Table 4.2.

=Table 4.25=

Profit/Loss Profile Jor the Investors—Call Option

Possible Price of ABC at Investor X Investor Y Y
Call Maturity (Rs)
90 1000 - 1000
100 ’ . 1000 _' - 1000
110 , 1000 - 1000
120 11000 - 1000
130 ‘ 0 0
140 - 1000 1000 .
150 - -2000 2000
160 - 3000 3000

The profit profile for this contract is indic'ated in Fig. 4_.-4. figure
4 (a) shows the nrofit/loss function for:;,lhe mvestor-).(, thé writer of
he call, while Fig. 4.4 (b) gives the same for the loth,er mvesl.or‘Y,-the
uyer of the option. Itis evident that thé cal‘l writer s'prc?ﬁt is l‘lm.lted
o the amount-of call Prem'ium but, theoretically, there is no limil to
he losses if the stock price continues to inc.rease af\d th.e writer does
1ot make a closing transaction-by purchasing an identical call.- Th.e
ituation is exactly opposite for the call buyer for whom the loss is-
imnited to the amount of premium paid. However, depending on the
tock priie, there is no limit on the amount of profit which can result
¢ the buyer. Being a ‘zero-sum’ game, a loss (gain) to one party
plies an equal amount of gain (loss) to the other party. -
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>_Fig. 4.4 Profit Functions: Call -Q/m'm!

Put Options . - -

In a put option, since the investor with a long position has a right to
sell the stock and the writer is obliged to buy it at the will of the buyer,
the profit.profile is different from the one in a call option where the
rigghts and obligations are different. '
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. " . \ . . ) o
vonsider aput option contract dn a certain share, PQR. Suppose,
two mvestors Xand Y enter into a contract and take short and long
positons vespectively. The other details are given below:

Exercise price = Rs 110

Expuation month = March, 2003

Sice of contract = 100 shares

Date of eutering into contract = January 6, 2003

Share price on the date of contract = Rs 119

Price of put option on the date of contract = Rs 7.50

Now. as the contract is entered into, the wriler of the oplion, X, will
veceive Rs 750 (= 7.50 x 100) from the buyer, Y. At the time of
matunity, the gain/loss to each party depends on the ruling price of
the share. If the price of the share is Rs 110 or greater than that, the
option will not be exercised, so that the writer pockets the amount of
pat prentium—the maximum profit which can acerde tg a seller, At
the same time, it represents the maximum loss that the buyer is
sxposed to. If the price of the share falls below the exercise price, a
loss would result to the writer and a gain to the buyer. The maximum
loss that the writer may theoretically be exposed to is limited by the
amount of the exercise price. Thus, if the value of the underlying
share falls to zero, the loss to the writer isequal to Rs 110 - Rs 7.50 =
Rs 102.50 per share. The profit/loss for some selected values of the
share are given in Table 4.3- .

The break-ev
Rs 7.50).

en share price would be R 102.50 (= Rs 110 -
[f the price of thé share happens to be lower than this, the
writer would make a loss—and the buyer makes a gain. For iI’lSTanCO,
when the price of the share is Rs 100, the gain/loss for each of the
im-estor}'_ma_(' be calculated as shown below. ‘ i
“Investor X )

Option premium received =75 x 100 = Rs 750

Amount to be paid for shares = | 1) x 100 =Rs 11,000
Marker valye of the shares = 100 X 1060 = Rs 10,000 ”
Net Profit(Loss) = 750 - 11,000 + 10,000 = (Rs-250)
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- Profit
40 4 N N Profit/Loss on
- N Short Stock
30 ¢ N N Profit/Loss on
20 N Put Option
- AN
h AN
10 \ ] -
I aN :
VEN Stock Price
10— /
20 / ’ «—— Profit/Loss on
|
30 ) Hedging
40 e
Loss |

> Fig. 4.9 Hedging: Short Stock Short Put

Spreads and Combinations’

As indicated earlier, options can be combined in several ways—
multiple calls, multiple puts or calls and puts together. We shall
discuss some of the more generally used combinations.

Spreads A spread trading strategy involves taking a position in two
or more options of the same type -

Bull Spreads One of the most popular spread strateg1es is a bull
spread. A bull spread reflects the bullish sentiment of a trader and
can be created by purchasing a call option om a stock and selling
another cill on the stock and with the same expiry but a higher
exercise price. At expiry, i if the stock remains below the lower strike -
price, both calls would expire unexercised and the loss will be limited -
to the initial cost of the spread. It may be recalled that other things
remaining the same, a call with a lower exercise price‘has a greater
premium. Accordingly, the price payable for buying a lower exercise
price options is more than the premium receivable from writing an
optionwith a greater exercise price and, hence, a cost 15 involved in

buying the spread.

_ Further if the stock puce rules between the strike prices of the two
calls, the purchased call is-in-the-méney while the cali sold expires
unexercised. Thus, the payoffequalslhe dilference between the stock
price and the (lower) exercise price. - f the stock price is greater than
the higher exercise price, both optqons are in-the-money and the
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payolT equals the difference between the exercise prices of the twg

options. To illustrate this, suppose that you buy a call option with ap
of Rs 50 for Rs 8 and sell one with an exercise price of

Rs 60 for a premium of Rs 2, both being on the same stock and with'
same expiration date. Now if the price rules at Rs 50 or less, none of

themn would be exercised, with the result that the payoff will be nil

and the net loss would be Rs 6 (Rs 8 - Rs 2). If the price of stock at the-
time of exercise is, say, Rs 58, then the call with an exercise price of!
Rs 50 shall be exercised for a payoff of Rs58 — Rs 50 = Rs 8, the net"
profit being Rs 8 - Rs 8 + Rs 2 = Rs 2. Finally, if the price of the stock

is-higher than Rs 60, both of these will be exercised and the payoff
would be Rs 60 — Rs 50 = Rs 10 with the net profit equal to Rs 10 -
Rs 2 = Rs 8. The payoff function for a bull spread-described above s
shown in Fig. 4.10, where E; and E, are the respective exercise prices,

of-the twin calls. .
The payoi’fs resulting from a bull spread strategy are given in Table!

4.8. While E, and E; are the respective strike prices of the calls thati‘
are long and short, S) represents the stock price at the time of,

exercising the calls.

exercise price

l
—_ I |
=Table 48= |
. Payoffsfrom a Bull Spread (Using Calls) A ;
Price of Stock - Payoff from - " Payoff from “Total Payoff |
Long Call Short Call ‘ - ‘

7 SEE S, - E, E, - S, E, - E,
E<S5<E - WS-8 O(NE*) ~ S, - E !
508 B OfNE) 0(NE) 0 |

Note: * NE: Not exercised. _; % )

Thus, by selling a call against an othefwise naked ally the investor|
in a bull spread sacrifices an unlimited profit potential in return for
the initial cost. If both the calls are initially out-of-the-rhoney, then if!
small cost would be involved in creating the spread which would be
aggressive in nature. A less bullish investor would buy an in-the-
money spread for lower gearing. A spread wifh one call initially in-|
the-rponey and the other one initially out-of-the-money wouyld be
relatively less aggressive than a spread with both calls beirig out-of
the-money, while a spread created with both calls being in-thefi

money initially would be the most conservative. |
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Profit
7/
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N - /
Va "
7/
/_/*\
——————— —<
I’ / -* \
—E'/ 4 E; N \  Stock Price
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_____ v \
Profit/Loss of R \
Long Call I N\
Profit/Loss of N
. -Short Call AN
. Loss

o, > Fig. 4.10 Bull Spread (Using Call)

A bull spread can also be created using puts. One put is purchased
and another one is sold which is om the same stock, with the same
expiry date but with a higher exercise price. On expiry, if the stock
remains below the lower exercise price, both options are exercised
and the position is closed for the difference between the two exercise
prices. This results in an overall loss of the initial credit (higher
premium received on short put minus lower premium paid on long
put) minus the difference. If the stock pricv is between the_two
exercise prices, the put with the lower exercise price would expire
unexercised resulfing in a net profit equal to the initial credit minus
the difference between the exercise price and the stock price. For the
stack prices exceeding the higher exercise price, both puts expire

unexercised leading to no pzyoffs and a net profit equal to the initial
credit. ' T

- Suppose an investar buys a put option with an e;cércise.-price equal
to Rs 40 for Rs 6 and writes an option identical in all resgects except
he exercise price that is equal to Ks 50, fof a price of Rs 9. This
Pread gives an initial credit of Rs 3. Now, if the stock price is less
han Rs 40, then both options are in-the-money and-can be exercised.

Commitment to buy at Rs 50 and to sell at Rs 40 impli€és an outward
ayolf of Rs 10 and a net loss equal to Rs 10 - Rs 3 = Rs 7. For a stock
rice in between the two exercise prices, say Rs 44, the investor has

buy the stock at Rs 50 and thus losé Rs 6 on the option. In this case,

¢ net loss would equal Rs 6 - Rs 3=Rs 3, Similarly, when the stock

ice would be more than Rs 50, none tth ! _ :
d a net profit of Rs 3 will be made. ofthe options will be exercised
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In general, the prolit function is as shown in Fig. 4.11. The payoffs
u‘ssocialcd with a bull spread created using put options are giveyn in
Table 4.9. The stock price at the time of exercise is given by S and
the two options have exercise prices of E and E, (E,> E,)) |

Profit
Profit/Loss from | Profit/Loss from
\  LongPut Short Put
\ \
2N / | s
% 7
» /
\ / s
A
P -
/
/
/
- ’/
Loss |-
> Fig. 4.11 Bull Spread (Using Puts)
=Table 4.9=
Payaffs from a Bull Spread (with Puts)
Stock Price Payoff from Payoff from Total Payoff
Long Put Option  Short Put Option . %
Sy < Ey £ - S S - L& E —E,

>

Bear Spreads  In contrast to the bull spreads, bear spreads are used
as a strategy when one is bearish on the market, believing that it is
more likely to go down than up. Like a bull spread, a bear spread _
may be created by buying a call with one exercise price and selling
another one with a different exercise price. Unlike in a bull spread,
however, the exercise price of the call eption purchased=is higher
than that of the call option sold. A bear spread would involve an
initial cash inflow since the premium for the call sold would be
greater than for the call bought. Assuming that the exercise prices are
E, and E,, with E, < E,, the payoffs realizable [rom a bear spread in
different circumstanc'r.s are given in the Table 4.10. The profit profile
is shown in Fig. 4.12
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Suppose that the exercise prices of two call options are Rs 50 and
Rs €0 '[ the stock price, Sy, be lower than Rs 50, then none of the
calls will be exercised and, therefore, no payolls are involved. Il the
price were between the two exercise prices, say Rs 57, then the call
written for Rs 50 would be exercised and the investor loses Rs 7, and
if the price of the stock exceeded Rs 60, both the calls would be
exercised and an outward payoll of Rs 10 would result. In each of the
cases, the net profit would be obtained by adjusting for the initial
cash inflow.

Profit »
Profit/Loss fror_n Profit/Loss from
Short Call Long Call , 4
| N
e S — iy - /
/
N A N ) /
N / -
BN\ &
_____ \__\/ 4 Stock Price
N
. N
AN
- =N, .
Loss

>~ Fig. 4.12  Bear Spread (Using Calls) -

= Table 4.10

il

Payoffs from a Bear Spread { Usiné Calls)

Stock Price Payoff from Payoff from Total Payoff
) Long Call Option " Short Call Option ‘
S 2 E 8 -E E -5 E - E
El < Sl < E_{ - O - —El - Sl - El ___Sl
-Sl 2 E.)' i 0 0 'U

Bear spreads can also be created by using put options instead of
call options.”In such a case, the investor buys a put with a high
exercise price and sells one with a low exercise price. This would
require an initial investment bécause the premium:for the put with a
higher exercise price would be greater than the premium receivable
for the put with the lower exercise price, 1vrilten by the investor. In
this spread, the investor buys a put with aicertain exercise price and
chooses to give up some of the profit potenitial by selling a put with a
lower exercise price. In return for the prbfit given up, the investor
cets the price of the option sold. '
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m a bear spread created with put options are given
in Table 4. 11 where in £y and £ are the exercise prices of the optiong
sold and purchased respectively. The profit function is given in Fig,
4.13. It may be observed that, like bull spreads, bear spreads limit

both the upside profit potential and the downside risk.

Profit

The payoffs fro

. Profit/Loss from
N\ \Long Put

N\
N\

—— :
N\
/4\ s ~
/ 51\\\ E; Stock Price j
/ AN -
/ N\
.

/ ——————
/ 4 Profit/Loss from
Short Put

Loss

Fig. 4.13 Bear Spread (Using Puts) | 1

= Table 4.11 = |
. l
. “Payoffs from a Bear Spread (Using Puts) fowm o=
_ 2 Al
Stock Price f’ayoﬁ" from Payoff from . Total Payoff
Long Put Short Put
S 2 E, 0 0 0
E < S < E, B-% .- 0 : B~ 5}
_ Si<E E-§ ~ S - E .:EZ—-EI i
Example 4.4 - <
- = < l

- For each of the following cases, name the strategy aélopted and calculate the
" profit/loss for different price ranges of the stock taking’ S, 2 Ey E <8 <E
and §, < E. Also, determine the break-even stock price in each case.

E——

Type.of Exercise Price of Option Premiumon Option
Option Purchased Sold Purchased- Sold

(Rs) (Rs)" -~ (Rs) B (Rs)
I Call - 60 75 N 10 -~ 4 -
IL. Call 80 70 5 11
I11. Put 70 60 9 5
IV. Put 50 - 65 - 4 11

. . 133
Financial Derivatives MBA Sem. ll|



SHREE H. N. SHUKLA COLLEGE OF MANAGEMENT STUDIES, RAJKOT

) ith lower exercise price and sellin .

ing a call \\1th' . . g5, el 4 &, el
I ?r‘gsle};)rice results in bull spread. With price of long call, E, =60 angrprice
exelt

fa short call, E; = 75, the profit/loss would b as follows:
ofd -

/—3%(7_"" Payoff from  Payoff from  Total Net Profit/Loss

Price Long Call Short Call  Payoff = Payoff-Cost
S5, 2 E S, - 60 75 -8 15 15-6=9
E<§<E  §-60- . 0 S| -60  §-60-6 "

Q =8 - 54
5% By 0 0 0 0-6=-6

The break-even stock price would be one where net profit is equal to zero.

Accordingly, §; - 54 =0 or §) = 54. Tl}us, a stock price greater than Rs 54

would yield profit.

II. Buying a call with a higher exercise price and selling a _call with a lower
exercise.price is a bear spread strategy. Here E is the price of call sold and E,
is the price of the call purchased. Thus, E, = 70 and E, = 80. Net premium
obtained = 11 - 5 = Rs 6. The profit/loss would be as shown below:

Stock " Payoff Payoff Totul  Net Profit/Loss =
Price Jfrom  from Payoff (Payoff+
. Long Call Short Call Net Premium)
S2E ! S, - 80 60 - S, -20 -20+6=-14
ELS§<E  70-5 0 70 - S, 70- S, + 6
=76 - S,
Si<E -0 0 0 “0+6=6

- : 3\ _

To determine break-even Stock price, we set 76 — §; = 0. Thus, S, = 76.
Erefore,_ a stock price below Rs 76 would yield profit,while for stock prices
Ove this level losses would result.

E'H;Ehe Sale _Or a lower exercise price put option and purchase of a hig_her
2 et Put option is also a bear spread strategy. With E, =60 and E, =70, and
€ostof Rs 4 (= Rs 9 - Rs 5), the profit/loss profile is as given below.
s Slo-c . Payoff Payoff lotal ~ Net Profir
Price - from from Payoff - /Loss
Long Put Short Put

EiliEz- 0 0 0 0-4=-4
e 0 60-S5  60-8 60-S —4=>56-3

.l.SEl ) 770—.5"l SL_GO 10 'L0-4=6

Bowi, F : — g
OF.the bl‘eak»e ; 3 = = . 2. b l
Rs 56, pr ven price, 56 - §; = 0. Thus, S, = 56. With stock prices below
Y °fit will result, while loss will result with prices greater than this.

5. -_—

°P‘ion);:x}g 2 put option with exercise price equal to Rs 50 and selling a put

Woulg resy] 3 greater exercise price of Rs 65 represents a bull spread. This

rr°I1 Wtin a pPositive cash flow of Rs 11 — Rs 4 = Rs 7 to the investor up
€ Profit/loss position is as given below.
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- Stock Payoff from  Payoff from  Total Net
Price Long Put Short Put Payoff’ Profit/Loss
S 2 £ 0 0 0 0+7=7
E<§<E 0 S, - 65 S -658-65+7=.S5, -58
SISEI 50-Sl 51—65 __ll" _ ll"+7__8

To obtain the break-even price, we set §; - 58 = 0, so that, §; = 58, implying
that a profit would result when the stock price exceeded Rs 58 and a loss

would be incurred when it fell short of Rs 58.

Butterfly Spreads While bull and bear spreads involve taking
positions in two options, a butterfly spread results from positions in
options with three different strike prices. This involves buying a call
option with a relatively low exercise price, £, buying another call
option with a relatively large exercise price, E;, and selling two call
options with a strike price, £, which is halfway between £, and £;.

The price £, is usually close to the current stock price, with the result
that a profit results if the stock price stays close to E, and a small loss
would be incurred if there is a significant price movement either way
from it. The strategy is obviously meant for an investor who feels that
large price changes are unlikely. The positions taken in the strategy

involve some cost.

If E,, E, and E; be Rs 50, Rs 60 and Rs 70 respectively, and the
stock price be less than Rs 50, then, clearly, no call will be exercised.
Accordingly, the total loss equals the initial cost mvolved Similarly,
beyond Rs 70, when all calls will be exercised, the total loss equals”
the initial cost, because the gain on the options with long position will
be exactly offset by a corresponding loss on the twin options written.
Gain would result when the stock price is between Rs 50 and Rs 60,
and shall be higher as the price moves towards Rs 60. Beyond this
price, the amount of gain would decline with an increase in the stock
price up to the level of Rs 70."The payoffs for a butterfly spread are
given in Table 4.12. The proﬁt/loss profilé for a buiterfly spread lS'
given in the Fig. 4. 14.

Example 4.5 ' B

>

A certain stock is sellmg currently at Rs 72. An mveslor, who feels that
_"a significant change in this price:is unlikely, in the next three months,
observes the market prices of 3-month calls as tabulated be]ow

Exercise §°rlce Call Price (Rs)
- 65" 11
70?{ 8
757 6
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B S ProfitLoss (rom
: \‘h\.\\r‘: C\.\ll.\‘ | Profit/Loss from
| ) A lLongCal Profit/Loss
e \ from Long Call
| \\ | v ! s
f \ .»“ i )
; . ¢ ,
E, E:}, %\ E.} 7 Stock Price
4 N S e -—
TN ——— —— —N— — —— \~'
| \
————— \
, \
|
Loss |

.

= Fig. 414 Ritterfly Spread

Table £.12

M
Il

Payofjs from a Butterfly Spread

Stock Price Payoff from First Payoff from Second avoff from  Total Payoff
Long Call-(E,)  Long Call (E;) _Short Calls (E,)

S <E 0 0 0 0

eS8 <h 85 =1, 0 0 S - E

£ s §<E S - £ 0 2(& - §) E -8,
S28 S - & S, - E, - &~ §) 0

8- K+ 2E, - 2§, = 2E,-E, - 3y or £ - 8 Since iE, = E, + 3
The investor decides to go long in two calls—one each with e
Rs 65 and Rs 75—and writes’ two calls with an e
Determine his payofl function for dilferent lev
find his profiloss when the stock
(i) Rs 73, and (iv) Rs 80.

Xercise price
xXercise price of Rs 70,
els of stock prices. Also,
price at maturity is (i) Rs 63, (ii) Rs 68,

The decision of the investor leads to a butterfly
invalves a pavment of Rs 1] + Rs6=Rs 17
8Xx2=Rs16. Thus, cost involved with the

spread. Buying twa calls
, and writing two calls yields Rs
package of options = Rs 17 - R

16 =Re L. The payolfs associated with this planTare given in Table +13, -
From the table, it is clear that when the stock price is less than
Rs G3, or Rs 75 and abave, the Payofl will be nil, while if the price varied
bgtweeu Rs 65 and Rs 70, the Payofl equal.to the price in excess of Rs 65
and if itis in the range of Rs 70 1o Rs 75, then the pa’i.'offis Rs 75 minus the

stock price. Accordingly, profit/loss can be calculdted for various given
prices as follows. i

»
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. Table 4.13 =

Payoffs from a Bullerfly Spread

Stock — Payoff from first  Payoff from second  Payoff from two  Tota]
Price  Long Call (E, = £5) Long Call (£; =75) Short Calls (£, =70) Payoff

$, < 65 0 0 0 0
65 5.5, <70 S, - 65 0 0 Sy - 65
028 <75 S - 65 0 2(70 - 5) 75 ~ 8
8 275 S, ~ 65 S, - 75 2(70 - §,) 0
No. Price Total Payoff Cost of Net Profit/Loss
o Sfrom Calls Strategy
I 63 0 (1) (1)
2 68 3 (1) 2
3 73 2 (1) T
4 " 80 0 (1) (1)

Combinations  While spreads involve taking positions in call or put
options only, combinations represent option trading strategies which
involve taking positions in both calls and puts on the same stock.

Important combination strategies include‘straddles, strips, straps, and
strangles,

Straddle A straddle involves buying a call and a putoption.with the
fiame exercise price and dale of expiration. Since a calkand a put are
-both.purchased, it costs to buy a straddle and, to that extext, a loss is
incurred il the price does not move away from the exercise price
since none of them will be exercised. From the profit function
depicted in Fig. 4.15, it is evident that buying a straddle is an
appropriate strategy to adopt when large price changes are expected
in«the stock—for lower prices of the stock, the put option will be

exercised and for higher prices, the call option will be exexcised. |
Profit \ R A

Lows . R

(> Fig. 415 Straddle |
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> i

Suppose A investor fgels thi%t tbe price of a certain stock, currently
alued at RS 85 in the market, is likely to move significantly, upward
\lr Jownwad, in the next three months. The investor can create a
sraddle by buying a call and a put option both with an exercise price
ofRs 85 and an expiration date in three months. Suppose that the call
costs Rs 4 and the put Rs 2. Now, if the stock price at expiration is
Rs 85, then none of the options will be exercised and a loss of Rs 6
would occur. If the stock price jumps to Rs 100, then the call will be
exercised resulting in a net profit of (Rs 100 - Rs 85) - Rs 6 =Rs 9,
while"if the price falls to, say, Rs 57 then the put option will be
exercised and a net profit of Rs (Rs 85 — Rs 57) - Rs 6 = Rs 22 will
result. The payoffs in respect of a straddle are given in Table 4.14.

il
i

e

Table 4.14
[ Payoffs from a Straddle

Exercise Price Payoff from - Payoff from Total Payoff
Range Call Option Put Option
S <E 0 - E-§ g—:}
S8 S-E 0 s

This kind of strategy 1s an obvious one to employ'in respect of the
stock of a company which is subject to 2 takeover bid. .

The straddle shown in Fig. 4.15isan example ofda:Z .;trad(.ltls purc:mt_;e.
This is also reférred to as a- bottom s_‘tmddle- A straadte sm ,ezed bp
straddle represents the reverse position soO ‘t.hat.lt n:ia); aemcc;- exercis)el

_ selling a call and 2 put with th-e same e’fP“:atlond a'lfih’ ok s
price. In a straddle write, 2 singlﬁcan_t‘_PrOﬁt 5100 ; 1 t‘_f stoe fEt ’

s equai to',v or close to the exercise price, but large devia 1‘onshc? : oc
" rice from-this on either side would cause lz?.rge losses.,, whic are
pl;tC:nt'r :1{; 'unlimited.,Hence, a straddle write is a very risky Strategy

1 ; +# ! 2

{)o ad%pt. . . = v .

Sl Straps Like straddles, strips and straps also involve
- tr?p e short positions in calls and puts. A strip results when a
= kg 1o'n.g orin one call is coupled with a long position in fwo puts,
10{'1g I-)t(t)fl:}l:gnsame exercise price and date of expiration. Here the
?:w:;ltor is expecting that a big price movement in the stock price will
take place but a decrease In tl}e stock price is more likely than an
increase. Since 2 put option is profitable when a price decrease
occurs, two puts aré bought in this strategy. Accordingly, the profit

. . . 138
Financial Derivatives MBA Sem. ll|



SHREE H. N. SHUKLA COLLEGE OF MANAGEMENT STUDIES, RAJKOT

function for the strategy, shown in Fig. 4.16 is more steep in the lower
than exercise price range and less steep in the region of higher prices.

On the other hand, if the investor is expecting that a big price
<hange would occur in the stock price but feels that there is a greater
likelihood of the price increasing rather than decreasing, the investor
will consider the strategy of a strap. A strap consists of a long position
in two calls and one put with the same exercise price and expiry date.
The profit function fora strap is depicted in Fig. 4.17. The right to the

exercise position of the profit function has a greater steepness than

the other part.
Profit -
E
‘;7
/ Stock Price
Loss ) } -
> Fig. 4.16 Strip

Prorf-it .

. § —
- Los§ - \/

"> Figad17  Sirap

Strangles In a strangle, an investor buys a put and a call option
with the same expiration date bu: with different exercise prices. The
3

139

Financial Derivatives MBA Sem. ll|



SHREE H. N. SHUKLA COLLEGE OF MANAGEMENT STUDIES, RAJKOT

exercise price of the put is lower than the exercise price of the call, so
that a profit wouia result if the stock price is lower than the exercise
price of the putor il the stock price exceeds the call exercise price.
Between the two exercise prices, none of the options is exercised and
hence. a net loss, equal to the sum of the premia paid lor buying the
(wo options, results. It follows, then, that a strangle is an appropriate
strategy for adoption when the price is expected to move sharply.
The profit function, for exercise price E, and E, ol put and call
respectively, is shown in Fig. 4.18 and payolfs for different ranges of

the stock price are given in Table 4.15.

it

Table 4.15 =

Payoff from a Strangle
Price of Stock Payoff from Put Payoff from Call Total Payoff

S| S El El - Sl 0 = El - Sl
EXE<B 0 0 0
Sl 2 E_y () b‘l - EZ‘ Sl - E2 -

Evidently, astrangle isa similar strategy to a straddle, because here
as well the investor is betting that a large price change would take
place but is not sure as to the direction. in which the change would
occur. However, in a strangle, the stock price has to move father,
than in a straddle, in order that the investor makes a profit. Also, if
the stock price happens to be between the two exercise prices, the
downside risk is smaller with a strangle than it is witha straddle if the

price is close to the exercise price.

Profit |

< Profit/Loss from ) Profit/Loss from
\ Put Option . Call Option -

Loss
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aluation of Options

In this chapter, we explore hoy trading prices of call and put options
are determined. In this context, we will consider some models which
have been put forth for assessing the prices of these assets. Various
factors affecting the prices are also examined as the interrelationships
benween the prices of calls and puts.

As with other securities, the option premium, or the price, is -
determined competitively on the floor of the-options exchange by
the influx of buy and sell orders. It is influenced by a number of
factors, some-of which are listed below:

1. Price of underlying security.

Voladlity. S

Length of time to expiration.

Interest Tates. e o

Tax rules with regard to gains and-losses. arising from option
trading. - g e -

. E\'Iargi‘n-requ}'_rements in case of uncovered option writers.

'UJI\‘)

.U\ :‘*

<, O

" TransactionXost. . J

-

" While some formal models are available for the valuation of
options, it will be instructive to first examine the manner in which
certain characteristics of options are likely to affect option valies in a

Tational market. These characteristics are useful for counter checking

the option values derived by using valuatien models.

. Eu.ropeay,vs American Calls It may be recalled that a EL:u'opean._
<all gives'its holder the right tobuy stock al the exercise price on a;
Particular date and, therefore, can Be exercised only at the explratmn.;'

- - . . 141
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date, while an American call can be exercised at any time up to the
expiration date, Obviously, since an American call provides an
added opportunity, its value has to be at least equal to thal of a
European call with the same inputs. Accordingly, as a first
relationship, it may be noted that a European call with the same
expiration date and exercise price as an American call cannot sell for
more than the latter.

Exercise Price 1f we consider two calls on a slock with the same
expiration date, but with different exercise prices, then the call with a
higher exercise price cannot be more valuable than the one with the
lower exercise price. For example, suppase two calls on a share with
identical expiration dates have exercise prices of Rs 110 and Rs 120.
The holder of the former call can buy the share at Rs 110, and can be
in the same position as the holder of the other call who could buy the
same security at Rs 120, as also the cash left over. Obviously, then,
the call with a higher exercise price cannot be expected to be valued
higher.

Length of Time to Expiration In case of two calls on a stock with
identical exercise prices but with different expiration dates, it can
readily be seen that the one with a longer time to maturity would
offer the investor with all the exercise opportunities as that of the one
with a shorter life, and some additional opportunities. Accordingly, it

may be reasonably expected that of the two composite calls, the one
with a longer life cannot be valued lower than the one with a shorter

life. -

Now, let us turn to the valuation of options. We [irst consider a
graphic approach and then the models of valuation. -

LY

A GRAPHIC ANALYSIS OF CALL AND PUT VALUES
A convenient way to examine call and put values is by way of profit/
loss graphs (See Figs 5.1 and 5.2) which reflect the effect of the price

of the underlying asset (here the asset is considered to be a stock) on
-option prices.

r .

Call Option -

Figure 5.1 illustrates a call option. A call cannot have a value grea.er
than the value of the stock itself because of the exercise price.
Obviously, it makes no sense to purchase an “option tQ buy” a share,
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-y
|

S l
:; Maximum Value
o
3 3 Minimum Value
U €
C Vs
s
< .//’:/"/ A
i //
e
{5 N
4/ o}
45° ) S At-the-Money 45 ! -
Exercise Price Price of the Share
Qut-of-the-Money In-the-Maney

= Fig. 5.1 Call Option Values

which is selling at Rs 200, for more than Rs 200. Thus, the stock price
provides the upper bound on the value of a call option. Similarly, a
call option cannot have a value smaller than its intrinsic value, where
the intrinsic value is equal to the difference between the price of the
stock and the exercise price (To be precise, it should be the present
value of the exercise price. Here it is taken to be the exercise price merely
for the sake of simplicity.) Thus, if a certain share is selling for Rs Sb
and the exercise price is Rs 45, then it will have a maximum value of
Rs 50 and a-minimum value of (§; —£) or Rs 50 — R 45=Rs 5, since
the call is in-the-money. For this share, if the call were at-the-money
or out-of-money, its intrinsic value would be zero. Now, if the price of
the share were to rise to Rs 52, then the.value of the cal] should-at
least be equal to Rs 52 - Rs 45 = Rs 7, while this value’ would be a
minimum of Rs 10 if the share price shot up to'Rs $5. Thus, for an
other than at or out-of-the-money call with a given exercist; ric

every.rupee_increase‘in lhe share value will lead to a Col'respollidi e,
increase in the call price. Accordingly, the maximum valde lin .
Fig. 5.1 is drawn at an angle of 45 degrees from the origin, whil y -
minimum value line is drawn at a 45-degree angle from th,é' ox e t.he
price. Thus, a_call option with a given exercise price ;vill have €rcise
on.or above the minimum value.function. Also shown o a valye
are hypothetical [unctions A4, BB and CC for ¢ figure

o three calls wh; .
identical in all respecls except-the times before expirati::::h are
function AA r:presents the possible valyes for an OPtion' Thhe

with,

comparatively; the shortest time before eXpiration; whjle i
'ate for options with longer tim . ions
85 and G for opons il longes imes g g oo
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means that options with longer lives have higher time values th,,
options with shorter lives. The curvature of th> function indicates th 5
althouglr the values of in-the-money call options would be greate,
than those of out-of-the money options, the relationship is'not linea,.
It may [urther be observed that the time value of an option g
maximum when the price of the stock is at the exercise price. Thjs
excess, or time value, decreases when the price of the stock moves
away from the exercise price in either direction.

-

Put Option _ ' j
. e :
Figure 5.2 provides a graphical description of put option valuation.
Like a call option, a put option also would have a minimum value
equal to its intrinsic value which is the excess of exercise price 'over
the stock price. With every rupee increase of share price, the
minimum value of the option, if it is in-the-money, will decline by an
equal amount. For example, assushe the share price is Re 0 and the
exercise price is Rs 50. The put aptlon will have a minimum value
equal Lo its intrinsic value of Rs 50 - Re 0.=Rs 50, equal to its exercise
price. Now, if the stock price rises to Rs 20, the minimum value of the
put decreases to Rs 50 — Rs 20 =Rs 30, and if the stock price is equal
to the exercise price, the minimum value of the put will be Re 0. In
the figure, the minimum-value line is obtained by _]ommg the-points
indicating exercise priog on each of the two axes. On the upper side,
the put can have a value at most equal to the exercise price since the
stock price cannot be negative. Therefore, the maximum value

Exercise - Maximum Value -
Price - C _; . -
c g
]
9 .
[=9
O
&
“ Minimum_
é‘ Valug )
. f = - A
At-the-Money
___-———-——'—-__.—.-’_—
e
‘'  Exercise Price Price of the 5h3r_l_
In-the-Money Out-of-the-Money
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is shown as a horizontal line drawn at a height equs

wercise price. The value of a put must be on’or abovge th(;aqu‘-ll ‘lo the
alue function, and on or below the maxiuum value mnct;g!nm;: in
ase of call option, an in-the-money put option will have a i’li r;::rrl
out-of-the-money putand the relationship is not a liﬁear
he put with .longer lives bave greater values, as
hrough the functions 44, BB and CCwhich differ c;nly
length of time before expiration.

fnction

qalue than an
one. Also, -t
demonstrated t
in terms of the

— CHARACTERISTICS OF OPTION VALUES

While the graphic approach for depicting values of options is useful-
itial insight into the premia that the call and put
and, we now give 2 more. formal way of

of these derivatives. This is followed by the two
hich the values of the-options may

in gaining an in
options may comm
expressing the values
more generally used models by w
be determined.

alue of a

We first derive an expressiori for the minimuwmn Vv X
hown that although an American

European call option. 0 hough 29 0 is not
call can be exercised at any time before the expiration date: ! is
nnot be concluded for an American

prudent to do so, but ity’ which
put option. This is followed an be stated
describes how the values of he European calls

in terms of each other.

and puts and then for the”

a |
In the valuation of calls and puts ltll\s/clllz‘;z
pased pays o divt cted, then it would_

stock on which they aré
) ok, X e
: dw;dend can be 2 | after the put-

of t-he opti - . .
option. However ¢ Jends is discussec ; .
affect these values. .he_effect.of dl\{:)dn g follOWéd by a eonsideration
i cpsh of the call and put
d for the

of the various factors which ¢ : ommonly us€

options and then of the two mo

valuation of options:

% el e ro ed = . =

Mlmmun}\\_ﬁa‘“e-pf a BuroP Europed? call is the greater of zero
ofa ™ ., and the present value of

]t‘c‘an be ;hown that t}-;e value 2 K rice
‘ ocC - e :
‘ the st o‘FSider two porttohos specxﬁed

and the differenc€ bet fhis b e
the e;(ercise price: or ) ' "

ly assumed'that the
during the currency
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Portfolio P,
1. Buy a call.
2. Buy bonds maturing at the expiration date of the call and which

at that date will have a value equal to the exercise price.

If Cis the current price of the call, E is the exercise price, ris the
annual interest rate, and ¢ is the time period elapsing between the

point when the call is valued and the expiration date, then the
amount needed to purchase bonds is Ee™™.

Portfolio P,
Buy shares énly.

Further, let §; be the current price of the shares purchased and .S
be the stock price at the expiration date of the call, which may be less
than, equal to, or more than the exercise price.

In Table 5.1, thekey. characteristics of both the portfolios are given.

(it

Table 5.1

it

Characteristics of Portfolios

Portfolio Investment Value at Expiration date
(Outflow) - IfS;>E IfS, <E

P, : Buy Call -C S -E N 0

Buy Bonds -Ee" . E E

Total - S\ " E

P, : Buy Stock -8 . S, S|

Thgs, in case §; > E, the payciffs from both the portfolios are ;:qua}.-
However, in the evenl that S} < E, the portfolio P, would be as good
as, or better than, the portfolio P,. Obviously, therefore, the cost of

portfolio P, should at least be- as much as the cost of portfolio Py.
Therefore,

- CH+Ee™28 or C38,-Ee™
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Early Exercise of an American Call

In contrast to a Fuvopean call which can be exercised only on the
due date, an Amevican call may be exercised at any time before the
expitation date. Notwithstanding this, it can be shown that it is never
optimal (o exercise an American call early, il the stock is non-
dividend paving. To illustrate this, we consider an American call
option on a non-dividend paying stock with an exercise date two
months away when the stock price is Rs 60 and the exercise price is
Rs 50. Since the option is well in-the-money, the investor might be
inclined to exercise it and make prolit. However, if the investor plans
(o hold the share beyond two months, it may not be the best strategy.
[t would be better to keep the call and exercise it when it is due and
carn an interest on Rs 50 [or two months. Since the stock does not
payv any dividend, no income [rom it is sacrificed.

Another advantage of not exercising the call is the possibility that
the stock price may go below Rs 40 during the next couple of months.
At the same time, if the investor believes that the stock is currently
overpriced, then, instead of exercising the option and making a profit
by selling the stock, the investor would do well to sell the option to
another investor who wants to hold onto the stock. Such investors
would certainly exist because, otherwise, the price of the stock would
not have been Rs 60. This activity would enable the investor to get a
higher profit since the price at'which the option“can be sold will be
greater than its intrinsic value of Rs 10. Consequently, it will never be
more advanlageous to exercise an American call before its exercise

“date. .
» A o >

Early Exercise of an American Put

In contrast to the fact that it would not be optimal to exercise an
American call before the exercise dale, it may be seen that it can be
optimal lo exercise an American”put option on a non-dividend
paying stock early. To illustrate this we may consider=an extreme
situation in which the exercise price is Rs 20 and the underlying stock
is selling at a price which is nearly zero. An immediate exercise of the
causes an immediate gain of Rs 20. If, howérver, the
iyvestor wails, the gain from exc'rcising the put might be towered (if
e stock price I-Q(t()VCFS) and, in any case, it cannot exceed the
3 . Vil o1 Y Cé ¢ 1
present gain ol Rs::'zo slpce the s‘tc‘){;(:)k pnce’b c¢1{1110L assume negative
values. Further, a:receipt of Rs 20 now is preferable to an equal

1

put option

-
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amount receivable at some time in the future due to tl_le time value of

mvney.
In the same”manner as a call option, a put option may be
considered as a provision of insurance. A put option, held along with
the stock, provides an insurance cover to the holder against any fall
in stock price below a certain level. However, unlike the situation for
a call option, it may be better for an investor to forego this insurance
and exercise the put early so as to obtain the exercise .price
immediately. In general, a fall in the stock price, an increase in the
riskfree rate of interest and decrease in the variability in the price'of
the underlying share make an early exercise more attractive. It may
be shown that provided r > 0, it is always optimal to exercise an
American putimmediately when the stock price is sufficiently low.In
case an early exercise is optimal, the value of the option will be £ —,’S.‘

Since there exist circumstances when it is desirable to exercise an
American put option early, it follows that an American put option|is
worth more than a comparable European put option. ;

)
<~

Relationship Between European Call and Put Options:
Put-Call Parity Py .
A call and the underlying equily can be combined so that they have
the same payoff as a put. Similarly, a put and the underlying stock
can be combined to yield the 3ame payoff as-a call. This permits the
“put or call to be priced in ternis of the other security. This relationship
is the easiest to derive for European call and put options. For this, we_

> _ |

consider two portfolios: -

Portfolic’ P, One European call option ) ’
Cash for an amgunt of Ee™" : ‘

Portfolio P,  O..c Cuivpean put opfion
" One share of stock worth S - ) X

portfolios have the same

At the expiration of options, both the
values as shown in Table 5.2. _ -

Since both the'}?ét:tfolios.have identica] values on expiration, they
must have equal values at present as well. Accordingly, we have,. ' -

C+Ee"=p+ §, ,
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= Table 52 =
T Determination of Terminal Values of Portfol'fr-:s
™ Portfolio ) Cash Flow at t =0 — §; > E §; <E
.—-—-——Pl - C S[ _ E . 0
Ee™ ) E E
Total : Sy : E
P, P ) 0- E- &
| Sy S S
Total B S E

From this, the value of a European put with a certain exercise price
and expiration date can be deduced from the value of a European

call with even price and date, and vice-versa.

Obviously, when the above equation does not hOI?, atfl:.tL_thﬂrage
opportunities would be present. Suppose, for SXEREL T o=
current price of a stock is Rs 50; the exercise pncl o an:;um

finterestis 1070 p :
. . sly. compounded rate 0 o0 s
glskfr(_ee cont;l_: uo;lha)t’ the Ifrice of a 3-month European Clalli ZPIIIZ?"EI "
R‘;PGPOSZ ft]lllr perfice of a 3-month European put option 1S B
and the

—5+50=>55
Value of portfoﬁo p=Ft So- “son to portfolio Py In
i iped in COMPALR short the
Thus; port;folio Py is overprn-et in portfoho P, and shor

call and shorting both the
-Rs6+Rs4+
cash flow of - Rs :
This would create & ee interest rate would yield
enths’ pe.ri_od. FI;\t Tge
ce i ater than Rs 45,
| 01 %025 = Rs 49. g tock price 15 gredt‘er_

Rs 48 s hree months, ! t'h'edsif_ihepstock price is smaller lh:m'
conclusion @f ¢ reised A0C 121 so that, in either-case, the

1:1 :-“; cat . exercis ) |
en the C;-lu }Nut.r)ption “Lll-l be e stock fur Rs 48. The et prolit,
that, then the g “d up puying Lll?t Lol _

I e = Rs 1.21.
investor WO | -Rs48=
therefore, 18 -

i ther hand, if!

put and the stock. \
Rs 50 = Rs 48. Its inves

) d the put pri;:_e is Rs 2

he ca.ll})rice is Rs 6 an
C+ 1-7,' e '=6+48 ‘e—(O.l0x0.25}-= 5981

then, | rtfalio P =
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In this case, portfolio P is overpriced relative Lo portfolio P, and,
therefore, an arbitrageur can short the securilies in P, and buy
securities in P, to book a profit, The strategy involves an initial outlay
of Rs 50 + Rs 2 — Rs 6 = Rs 46. Financed at the riskfree rate, a
repayment of 46 ¢™'*92% = Rg 47.16 would be required to be made.
Since both a call and a put are owned, either of these will be
exercised. The short call and long put option position would lead to

the stock being sold for Rs 48. The net profit would, therefore, be
Rs 48 — Rs 47.16 = Re 0.84. -

Thus, the principle of put-call parity states that the prices of call
and put options on an asset are related and, given the value of one,
the value of the other can be obtained. The relationship can be
expressed as follows:

C+ Ee—rt= P+ SO
Further, it may be observed that by re-arranging-the terms in the

above equation, we get C- P=§, - Ee™™ Now, if the options are at-
the-money so that S, = E, and if the stock pays no dividends; then we

have

- C-P=Sy(1-e™

or —q~*£=1—e'”>
So S

©On the RHS of the equation, e™ indicates the present value of
Re I. Accordingly, the expression 1 - e represents the difference
between present and discounted value of rupee 1, which is nearly
equal to the rate of interest. Hence, we may conclude that when the
options are at-the-money and the un’derlying stock pays no

dividends, relative call prices (C/Sy) wbuld exceed relative put prices
(P/Sp) by about the risk-free rafe of interest.

Relationship Between American Call and Put Options

"The put-call parity described above hetds for European options only.
_We have already seen that for

: ' non-dividend paying stock, an
Amenc.zm put option has a greater valye than a European one.
Accordingly, the value of an American put option is such that

i .

P>C+Ee- S

C—P<So"Ee_”

I[',

el S
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Now. let us consider two p()rlf()lios:

Parifolio P, One European call option
An amount of cash equal to £

Portfolio P, One American pul option
One share

Further. suppose that both options have the same exercise price and
expiration date. Let the cash in portfolio P, be invested at the riskfree .
rate of interest. If the put option is not exercised early, the portfolio
£, will be worth S; or E, whichever is higher, at the time of exercise.

_ On the other hand, the portfolioc P, would be worth S, or E,
whichever is higher, plus £ e” - E. Thus, portfolio P; would be worth
more than portfolio P).

Now, suppose that the put option in portfolio P, is exercised early
aLa time {,, it implies that portfolio P, is worth E et~ 9 at time .
However, even if the call option were worthless, portfolio P, would
be worth Ee” at time . It follows, then, that portfolio P, is worth

more than portfolio 7, in all cases. Thus,

C+ LE>P+ 5

or C-pP>5-E
or S, - E<C-P< 8- Ee -1 ;i
Effect of Dividends ’ - a )

In our analysis so far, we have assumed that the options that we are
dealing with, are options on a stock which is non-dividend paying.
We may now consider the question of dividends. It the dividend (s)
payable during the life of an option can be assessed, the option
valuation can be suitably modified. Thus, if Dbe the present value of
dividends (assumed, to occur at the time of ex-dividend date) during
the life of the option, then the lower bound on the call value and on
the put value for a European option derived earlier can be adjusted
for D as follows: '

C>S8,-D-Ee™ and

P> D+ Ee™ - 8

Adding the present valie of dividend(s), D, to the present value of
he exercise price has th 1 effect of reducing the value of a call and
nereasing the value of it put. Further, when the dividends are

xpected, it cannot be saicﬁ'that an American call will not be exercised
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carly. At times, it may be best to exercise an Ame'ri_c_an call
immediately prior to an ex-dividend date because the dividend may
cause the stock price to jump, making the option less attractive. Of
course, it is not optimal to exercise a call at other times.

It may be shown for put-call parity (of a European option) that
C+D+ Ee™"=P+ 5

Simiiarly, the inequality mentioned for American option would be
modified as follows:

S-D-E<C-PS-Ee™
Factors Affecting Option Pricelilc‘g

There are several factors affecting the price of a stock option. They
include: . |
Stock price. I
Exercise price. '
Time to maturity.

Dividends, if any, expected during the life of the option. |
Riskfree interest rate. : '
Volatility in the stock price.

N

We now consider these in turn.

“Stock Price When a call option is exercised, the’ payoff resulting
therefrom equals the excess of stock price over the exercise price.
Thus, a call option will be more valuable when stock price increases
and less valuable when it decreases. On the other hand, for a put
option, the payoff 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 be the value of the option. ) '

Exercise Price A call opuon With a higher exercise price cannot be
.expected to be valued- higher.than another call with the saime
parameters but with a lower exercise pri'ce. To undérstand this
feature, consider calls on a stock with the same exercisé date, but

with varying exercise prices. For example, suppose two calls on &
stock with identical exercise dates-have exercise._prices of, Rs 180 and.

Rs 190 respectively. The holder of the former call can buy. the -
underlying security at R4 180, and can be in the same positioh-as the
holder of the other call who could buy the same se curity at Rs 190,

plus the cash left over. Obviously, therefore, the call with a higher .
exercise price cannot be valued higher. '
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Length of Time to Expiration The effect of time to expiration on the
option price depends on whether the option is of the American or of
the European style. The American call and put options bec me more
valuable as the time to expiration increases. If we consider two calls
on the same stock with identical exercise prices but with different
exercise dates, it can be easily visualized that the one with the longer
life (i.e., one with a latter expiration date) would offer the investor all
the exercise opportunities as those of the one with.a shorter life, and
some additional opportunities as well. It may be, therefore, reasona-
bly expected that of the two comparable calls, the one with a longer
life will not be valued lower than the one with a shorter life.

However, European put and call options do not necessarily

become more valuable as the time to expiration increases. This is .

because the owner of the option with longer life does not enjoy all
opportunities open to the owner of the one with a shorter life since
the option can be exercised only at maturity. For instance, if an
investor has two call options—one with an expiration date in one
month and the other with expiration date in two months—and a
handsome dividend is expected in a month-and-a-half’s time, then

‘the price of the underlying stock is likely to decline by the second -

month. Accordingly, it is probable that the option with smaller time
to expiration has a value greater than the value of the other option.

~ Dividend Dividends on stock have the effect of reducing the stock
price.‘ on exadividend date. Therefo\'e, this affects the value of call
options adversely and of put options favourably. The effects on
option prices are related to the amounts of dividends expected.
Interest Rate T he impact of a riskfree interest rate on option prices
is rather indirect. An increase in the riskfree rate of interest leads to
an increase in expected growth rate in the stock option prices, on the
one hand, and a decrzase i the presentivalue of any cash flows

. rec'éi\}ed by the holder of an option, on the other. Both these ha\fe an
adverse impact on the value of the put options. For the'call options,
the first of the two effects h‘as a lf.irger impact than the sec0.nd one,
with the result that a call option price Would increase with an incréase
in the riskfree interest r_ate:-_. -

v latij‘ity PI& major factor affecting the price of options is volatility,
C; .ch is the degree to' which price of a stock or an index tends to

H:rdate over a certain period of time. As volatility increases, the
u

h nce that the stock would do very good or very bad increases.
chan¢
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Thase two ontcomes tend to have an offsetting effect on the holder of
the stock. But the nuation is ditterent for the owner of a call or put
option. For stance, the owner of the call benefits from the price
ncrease but his downward visk is imited sinee the most he can lose is
the option premium. Similarly, the owner of a putoption profits from
A decrease in the stock price and his visk in case of adverse, upward
price movement is limited. Thus, the values of both calls and puts
exhibit increases with increases in the degree of volatility.

MODELS OF VALUATION OF OPTIONS

There are a number of models available for valuation of options. Two
of the more important ones are: binomial option pricing model and
Black and Scholes option pricing model. Both the models are in
respect of the European call options. The difference in _the two
models of option valuation stems -basically from the assumptions
made about how share prices change over time. While the binomial
model assumes that percentage change in share price follows a
binamial distribution, the Black and Scholes model is based on the
assumption that it follows a log normal distribution.

It was shown earlier that it never pays to exercise an American call
before its expiration if the stock involved would not pay dividend
before the expiration date or if the call is dividend protected. Thus, -
an American call, which satisfies this condition, will be just like a
European call and can be evaluated in the same manner.

The Binomial Model ' ~

>

The binomial model of option valuation uses a numerical approach.

* The model is based on the assumption that if a share price is observed
at the start and end of a period of time, it will (ake one.of the two
values at the end of that period, i.e., the model assumes that the share _

price would move up or down to a predetermined level, i
>

-For'a step-by-step development of the model, let us consider the
valuau(?n of a call one period prior to expiration. Now, suppose that
a SlOCk.lS Cu'rrently selling at Rs 60, and that after one period it would
be selling either for Rs 40 or for Rs 80. If the rate of intex'eét, for

borrowing and Iendixfg both, is as :
» 1S assumed t 0, .
we may l,gletermine the value of the caliJ 3?‘,2] > for. e o pécad,

Rs 60 as fllows. an exercise price of
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Cousider a portioliv consisting ol writing two calls, buying one
share of the stock, and borrowing Rs 32. In both the events, of the
share price falling to Rs 40 or rising to Rs 80, the cash Nows at the end
af the period, €= 1, will be zero as shiown in Table 5.3. It may be
noted that il the stock price at £ =1 is Rs 40, the, calls will not be
exercised, while il it is at Rs 80, then a loss of Rs 40 |= (80 - 60) x 2|
would be incurred on the calls. In either case, the loan of Rs 32 will
be repaid together with an interest of Rs 8 (= 25% of the nmol\mt
borrowed). This implies that in either case, the investor receives
nothing and, therefore, the value of the calls would be such that the
portfolio has a value ol zero. Accordingly, we set 26 =060 + 32=01o
get C=Rs 14, where Cis the price of the call.

|

Table 5.3

1]
Il

2 Valuation of Call

Portfolio Flows at the Flows at t =1
beginning, t = 0 S, =40 S, =80
Write 2 Calls +2C 0 - 40
Buy-a Share - 60" + 40 + 80
Borroi +32 - 40 - 40
Total 2C-28 0 0

It may be shown that if the call is selling at price higher or lower
than Rs 14, then it is possible to make a profit. For instance, suppose
that the call is underpriced and is selling for Rs 10. It is prudent, in
such a case, to buy the call, shorting the stock and lending. As shown
earlier, cash flow at- =1 will be zero in either case but at t =0, the

flows are: : _
- Flow -
- Buytwocalls _ =20 i
Short one share + 60
Lend ) g
. Total + 8 = . =

It can similarly be shown that if the call is valued at a price greater
thai Rs 14, -then .profit can be earned by creating a portfolio

consisting of writing two calls, buying-a share and borrowing Rs 32.
To conclude, then, the call cannot sell for higher or lower than the
value derived earlier. Now wé can make some generalizations.

155
Financial Derivatives MBA Sem. ll|



SHREE H. N. SHUKLA COLLEGE OF MANAGEMENT STUDIES, RAJKOT

Hedge Ratio  In the above example, we constructed the portfolio i
such a manner that payolfs from calls and stock were the g« o,
wrespective of the price of stock prevailing at (= 1, Further, resorting
to lending or borrowing enabled us to have a zero return at (= 1, In,,
our tllustration, we used two calls and one share of stock to vield a
flow of Rs 40 irrespective of whether the price went up to Rs 80 or
down to Rs 40. In general terms, the number of shares of stock per
call, which makes the payoff from the combination independent of

the price of share is known as hedge ratio. In our example, the hedge
ratio is 1/2 (one share of stock for two callg).

Now, let
§, = the stock price at t= 0.
S; = the stock price at = ]. . . #
E = exercise price of the call option.
C = call price.

u=1 + percéntage change in stock price from (=0 to (= I, if

the slock price increases. In such a case, S| = uS,.
|

d=1 + percentage change in stock price from (=0 to (= 1, if
the stock price decreases. For this cage, S, = 45,

»

o = number of shares of stock purchasged per share of the call
(forexample, if the number of shares purchased = 15, and a
call involves 100 shares, than o= 15/100=0.15) - .

C, = value of-call if §; > .5, C, = max (uSy'- E, 0)
C;= value of call if S| < Sy C;= max (d$y T, oy

Consider the situation given in Table 5.4, To make the portfolio to

be a hedged one, the flows at (= | bhOllld be made md(.pf,nd(-nt uf
the stock price. In other words; -

u ‘e
— Cy+ adSy=~ C,+ ous,
or ouSy - adSy = C, - C, -
C, < -
Thus, . o= X L=y g

‘go (u = (l) «* - “| =
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= Table 5.4 =
Portfolio Flows
W— Flows att =0 ) Flows at t = 1
SI . dSo Sr = USO
Write a Call C -Cy- -C,
Buy a shares of St:OCk = Sy adS,  au

For our example, C;=0, C, =20, §, =60, x = 80/60 = 4/3 and
1=40/60= 2/3. Accordingly, .

g 20-0 _ 2 _1
a4 2] sl 2 2
-z 60 x <
60[3 3] ><3

Thus, in order to have the combination of calls and stock yield the
same payoff, regardless of the value of stock at =1, we should buy
one-half as many shares of stock as the number of calls that are
written. Obviously, o represents the hedge ratio.

Using the hedge ratio of & implies that the flows at t= 1 are equal
to - G+ ad$y, or — C, + ausSy. To make the value of the portfolio zero
att= 1, we should borrow such an amount so that the flows become
Ci - adSy (or C, — auSy). If we let iequal to one plus rate of interest for
one period of time, the amount needed to be borrowed will be
(€, N ads$y)/i. With the cash flows of C fromywriting a call, - .S, from
buying e stack and (- G+ adS,)/ifrom borrowing, we can set their

Sum’equal to zero (because the value of portfolio at ¢=1 is equal to
Zero), to get -

T ag,- L= g - -
: i -
a | C= alSn+Cd_adSO
Slli) . ) oL i i .
Sim l_S“_t“tmg the value of & obtained above into this equatior and
. p 1fy1ng, we get ]
¢, i=d) o (u=i)
| C=_ (=d) ‘-4
ettj ) ) - ) LA
ng P= (; _ 4)/(u - d), we get

C= CUP+C (l—P
1
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Altematively, we may derive the value of an option by takmg (he
present value of the various possible expiration values of the optior;»
multiplied by the respective probabilities for those values tg-otet. It
can be represented in the following manner.

If C be the price of a call, and the value of the stock after an
incremental period of time is either C, with a probability Por C,with
a probability of 1 - 7, the expected return after one time period would
be C,(P) + C,(1 - P). If iis set equal to one plus riskfree rate over this
time limit, then the value of the call would be:

C=;l, (C, P4 C,(1 - P)]

Here P= (i- d)/(u - d), where d and u are two possible rates of
return on the share after an mcremental period of time.

In fact, looking at the formulatlons for the calculation of P, it- is
amply clear that Pand 1 — P are not probabilities. But their use as
probabilities to derive the expected value in a situation where stock
price is assumed to take only one of the two values glves the prefix

‘binomial’ to the valuation model.

Extension to Multiple Periods The valuation of a call! option can be
extended to multiple time periods. To begin with, we may consider
the possibilities where an option has two periods to go for maturity.
They are shown in Fig. 5.3. In this case, C,, is the value at explratlon
if there are two up movements in the stock price. It equals max (2S,~
- E, 0). C,4is the value of-option at expiration if there is one upward
and one down movement in the stock price. It is equal to max (ud S,
- E, 0). Similarly, C,, is the value at expiration if two down
movements are registered in the price of the share. Therefore, the
valiie of the option at £= 1 can be obtained as follows: ‘

t=0" t=| - t=2 .-

P

> Cd
Eg 5.3 Tree Diagram showing. Call Option Values
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if the share price is 1§,

PC, +(1- P)C,,

n

| i
if the share price is 4S5,

_rC,+(1-P)C

d?

Cy i

Knowing the values at {= 1, we may proceed to determine the
value of the option at £= 0 by assuming that there is only one time
period to go. Accordingly,

PC.,+(1-P)C,
al u

1

PC , + 1-P C‘a
+(I—P) ud ( ) d

1 -
3 C= l i
/ - i _
On simplification, we_get :
TP, +2P(1-P)G,+(1-P) Cp -

— )
1

The same approach may be extended to three or more periods.
For a three period case, the value of call option, C, can be determined

as f[ollows:

P3G, +3P* (1= P)Cpy +3P(1-P)°C,p +(1-P)’C,y

A = 1 =

i‘ R A

We may generalize the results to obtain an expression for the
valuation of a call n periods before maturity, as given below:

v pi(1- Py max[0,uld" S, - EI
ojtn—g)t - .» _

- O _
1

Notice the numerator, the first part of which is simply the binomial

expansion -
(a+8)"=Cha™" P+ C a0+ Cha™? b*+ - £ Chad"™" V"
- . »
-Soew
- =0 -

while the other part gives the conditional value of the call option at
each step, J. ]
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The above expression may be simplified by considering the fact
that there would be a certain minimum num!'.)er of upwardﬂ
movements necessary for it Lo pay to exercise the Optl?n at the date oj
maturity. If we represent this number by £, then it is cl.ea-r that for
sequences with less than £ upward movements, the call will not be
exercised and it will have a value of zero at expiration.

Thus, it is evident that the summation should begin only at K
When this is done, max (0; o/ 4"/ Sy — £) should be replaced by

u’ d"7 Sy - E. Now, the expression for valuation can be reworked and
simplified to eventually lead to the following: '-'4

C=S, Blk n, P") = Ei™" B(k n, P)

wherein P=(i- d)/(u- d); 1 - P= (u-i)/(u~ d), P’ = Pu/i, and
B(k n, P’) is the probability of the number of up movements
(muccesses) in the share price to be up at least equal to £ out of 7
movements, where the probability of an up movement is P’.

From the preceding analysis it follows that the price of a call option
is influenced by a number of factors including the current share price,
the exercise price, the size of the up movement, the size of the down
movement, the riskfree rate of return and the number of periods
remaining until expiration. |
The binomial option pricing model has the merit that because of
the step-by-step approach, it can accommodate specific evenis like
dividends during the life span of the option. But, while a small
number of intervalg make the option price determination easier, the
Computations tend to become tedious when a larger number of
intervals is considered. N, wonder, then, computers are needed for
making calculations when the number of time periods involved are
large. In fact, by letting the length of the period between up or down
movements to become very sme!] ~- 4 thereby rr;akin]g the number

of periodg very large, the binomial formula can be utilized to derive
other valuation formulations that

allow a continuous change in pricé.
As the number of time interyalg becomes higher and higher, the
binomial distribution converges 1o 5 normal distribution, The Black
and Scholer model discussed in ‘the following-pageﬁ is based on this
concept, ' ’ ’ - . |

, l
Example 8.1 s g

believed that at the end of
or Ra 45, What will a European

The current price of a share i5 Ry

, 50, and it jg
one month the price will he

cither Ry 55
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call option with an exercise price of Rs 53 on this share be valued at, I
(he riskfree rate of interest is 15% per annum? Also ealeulnte the hedge
ratio. . "
From the given data, we may define various inputs needed for
valuing an option as follows: :
C, (the value of call option il §; > So) =8 - E=55 53 = Rs 2
¢, (the value of call option if Sy < &) = max (S, - £, 0)
, ' =max (45 -50,0)=0
u= 8§,/ when the stock price icreases (i.e., 8 > §) = 55/50
=1 | | '
d.(= S/ Son»‘\'/vh'en the stock price detreases (i.e., .S < §) = 45/50
=09+ ' _
= plusriskfree rate of return applicable for the time interval
=1+ (0.15/12) = 1.0125
' (since the annual rate is given to be 15%)

Accorﬂingly; the value of a call would be: ’ ‘

| (i-d) (u—1)
C C
o emd) )
- i %
N T (1.0125 — 0.9000) i (1.1000* - 1.0125)
(1.1000 — 0.9000) ~ ~ (1.1000 — 0.9000)

O
. 10125
| 2 92250 B 11 | :
| 0.2025 . -
.'Furih'té:r, We know that hedge ratin, . :
. . _ G, —Cd~ — " =
, S (u—d) l "
Substitutihg the known values in this equation, -
2ol =B 2

o =— ‘
| 50(1.10 - 0.90) o
Thus, the Pprice of the call option’ﬂ =Rs 1.11 and hedge ratio =0.2.

We’may' illustrate the binomial valuation model using a multi-

Mg : e’ e e P
gonod‘ Case with an example. It is kept simple in that discounting is
tresorted to,
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Example 5.2

Suppose that an index is at 3000 and it will change with equal probability
by either 10 or 8 in cach time inferval. Now, consider an American put
option on this index with exercise price of 3010, which would explre tn

three periods. The problem s to determine_the fair value of the option at
each step.

For this, we first determine the various index possibilities by means
ofatree. Once the tree depicting various possibilities is drawn up, we
may determine the possible values of the option at expiry. This would
enable us to calculate fair values for the option at any point on the
index value tree. This is done by comparing the value of holding and
the value of immediate exercise at each node and then selecting the
optimum value. The process is then repeated at each node towards
the origin, including the base of the tree.This enables us to determine

~ the fair price of the option at any point and the optimal point where it
may be exercised, as it is an American option.

For the given data, the index tree showing the movement of index
over time is shown in Fig. 5.4. From the figure, it is clear thal (he
index values after the three-period interval would be 3030 (all u

- movements), 3012 (two up and one down movements), 2994 (one up
and two down movements) and 2976 (no up movements)

At t=3, the put will eventually have the following values:
I. For index values 3030 and 3012; P=0 (being a put option- it

will'not be exercised when §>E). [ .
2. For index value 2994; P=3010 - 2994 = 16, -
3. For an index of 2976; P= 3010 — 2976 = 34, =

>

At t=2, one time step before the expiry, the option wauld have
the following valyes: )

L. If the index is at 3020, the
of 3010 expiring unexercised (
At 3020, the put value s zer
exercise value. Thérefore

next step will resultin the pul-option -
possible indices being 3030 and 3012),
0, since the index is higher than the
» at this point, the option is worthless.
2. In the event theinde

cither becoming worthles
value'is 0.5% 0+ 0.5x 6=
“also yield 3010 - 3002'= g Thus,

o r
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t=0 t= | t =2 t=13
——— 3030
, 3020( )
/ K \\
3010 ( § — 3012
// A \\
3000 () >
: \ ‘//
: 2992 () i 2994
1 .

2976

>~ Fig. 5.4 Tree Diagram showing Index Movement

3. When the index is.at 2984, the option has an expected value of

0.5 16 4 0.5 x 34 = 25. Al immediate exercise of this option, on the
other hand, will yield 3010 - 2984 = 26. As this is preferable, the
option should be exercisedt and this is taken as the correct option
vialue. ’

Continuing in the same manner, al ¢t =1, when the index is at
3010, the option, il exercised immediately, will yiéld nothing, while
its expected value would be equal to 0.5x 0 + 0.5 x 8 = 4. The value

" of the option can, Lherefore, be taken to be 4, Similarly, in the event
of the index being at 2992, the expected value equiﬂbiO.S x 8+ 0.5 x
26 = 17, and its immediale exercise results in a value.of 3010 - 2992
= |8, Thus, the correct value-of the option is 8. '

To complete the proceys, the value ol the put at thé base of the tree
is 0.5 % 4+ 0.5 x 18 = 11, while-its prompt exercise would give 3010
~ 3000 = 10. Consequently, the appropriate value-ofithe option is 11
at (=0, o y ° .

‘The values ol the option at various polnts are contained in the tree
aiagram given in Fig. 5.5, Al cach node, from ¢= 0 through =2, two
values are shown: the one resulting from immediate exercise and the
other depicting the expected value. In cach case, the higher of the
two values involved is taken and used for making calculations. Note
that all caleulations are made in a backward manier. - -
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v 0 t= | t=2 t=]}
» —=0
o (
04 > 0

10, 11 8.8 ()

> Fig. 5.5 Tree Diagram s?mwin‘g Put Option Values -

If the option in the above example would have been a Europgan
one whose early exercise is not possible, the call valuation-could be
done more easily. For the example under'éonsideration, the value
would be 10.25, as shown in the tree diagram given in Fig. 5.6. The

European put is thus cheaper 0.75 than the American put—the
differential being the extra cost of exercise facility in the latter case.

t=0 -ot=1 . t=2 ey _
) o | 0 f
' 0
- . 0
10.25 (Y " - .
g ° \‘*""5 C 1€

- -

25

— 34
5.6 Tree Diagram showing Valyes ofEuropean_pS'tyle Option

-

> Fig.
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MBA SEM 03
Module 04

‘ 22 BLACK-SCHOLES OPTIONS PRICING MODEL #

The Black and Scholes Model

In 1973, Fisher Black and Myron Scholes propounded a model for

valuation of options. According to the Black and Scholes formula-
tion, the value of a call option is calculated as follows:

C= S, N(d,) - E €™ N(dy)
In(Sy/E)+ (r + 0.50%)¢
. -
4= In(S,/E)+(r — 0.5052)¢
. ot
Klsel dy=dy — Vb

. C= current value of the option

where a dl =

. r= continuously compounded riskfree rate of interest
S, = current price of the stock
E = exercise price of the option
. ¢{= time remaining before the expiration date (expressed as a
fraction of a year) ’

— standard deviation of the continuously compounded
annual rate of return

In(S,/ E) =natutal logarithm of (Sy/ E) K =

- \
N(d) = value of the cumulative normal distribution evaluated at d

Assumptions Underlying Black and Scholes Model The Black and

Scholes valuation model is based on certain assurnptiors. These are: )

" 1. The option being valued is a European style option, with no_

possibility of an early exercise. Comparable American call options
‘are.more valuable because they provide greater flexibility of exercise.
However, this is not a major pricing consideration since only a few
calls are exercised before the last few days of their life. This is sim}Jle
to understand- because an option holder who exercises the option
early virtually throws away the time value remaining on the call.
Thus; if one holds a call option at Rs 58, one can always buy Sl“}_'es at
this rate by virtue of the call. Now, if the share is cur‘rcntly sellmE at,
say, Rs 70 one may be tempted to exercise the option zmddmat-f;:;
profit of Rs 1200 (on 100 shares). But what is important to unders at_he
is that the better alternative in such a case would be to S(.EH it in e
market where it will fetch aminimum price of Rs 1200, its intrinst
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value. In last few days belore the expiry of the option, the time value
is negligible. Thus, the valuation is nearly same for an American

option as well.

2. There are no transaction (dealing) costs and there are no taxes.
This of course, is not true. There are commissions and other costs to
be paid by the investors which may be substantial at times and
therefore, affect the true cost of an option position. Since such costs
and the tax impact vary among investors, it is likely to result in a
different cost of an option to different investors.

3. The risk-free interest rate is known and constant over the life of
the option.

4. The market is an efficient one. This implies that as a rule, the
people cannot predict the direction of the market or any individual
stock. Market efficienrcy is a central paradigm in modern finance
theory. Of course, doubts are always expressed whether the
assumption is indeed valid. Though, efficient market theory may.not
provide a very good explanation of investor behaviour, it surely gives

a better explanation than_ others.

" 5. The underlying security pays no dividends during the life of the
option. Thus, the model would yield the same price for options with
identical inputs on two securities which are same in all respects,
except that they have different dividend yields. It can be easily
visualised that the higher the yield of dividend, the lower the call
premium and thus, the market prices of the calls are not likely to be

the same. .

Howaever, the fact that different securities do pay dividends dods
not render the model useless. Once the option-value is determined
using the-model, the value is adjusted for the dividend'expect-ed on
the security. This is explained later in the chapter. * -

6. The volatility of the underlying instriment (may be the equity
share or the index) is known and is constant over the life of the
option. ' v

7 The distr-ib.ution of the possible share [;rice's (or index levels)-at
_th(_:‘e}ld of a period of time is log normal or, in other words, a share’s
ct.mtfnuo.,usly compounded raté of return follows a' normal
dlStrlPuthll. Essenlially,l this means that the share (or index) in
-questlon _has the same lik:lihood to double in value as is it to halve,

. . 166
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with the added implication that the share prices (or indices) cannot
become negative.

An Intuitive Idea of the Valuation Mode! T'o have a basic idea about the
Black and Scholes model, let us reconsider the formula C= Sy N(d,)
- Fe "' N(d,) and sub-divide it into two components as S N(d|) and
Ee " N(d,). In the first component, S is the current price of the stock
which, in terms of the theory of finance, is the discounted value of the
expected price at any pointin time in the future, while N(d,)'is the
probability that, at expiration, the stock price shall exceed the oplion
exercise price. Similarly, contents in the second component of the
equation may be viewed as the present value of having to pay the
exercise price on the expiration day. Thus, the value of a call option
is equal to the difference between the expected benefit from acquiring
the stock now and paying the exercise price’on expiration day.

Using the Black and Scholes Formulu' An examination of the formula
reveals that the inputs required to value an option are: current price
of the stock (&), exercise price of option (E), time remaining before
expiration of the option (¢), riskfree rate of interest (r), standard
deviation of the continuously compounded annual rate of return (o)
on the stock/index and a-normal probability table. The first three of
these are casily observable while an idea about the riskfree rate of
interest may be had by taking the rate of return on a government

securitly that has a maturity date closest (0 the expiration date of (he -
call. i

However, there is some problem with regard to the stand
deviation, which is the measiire of volatility. As a first step, let us see
how is the value of the standard deviation of the continuously

- compounded annual rate of return may be calculated using historical

data on stock returns. The calculation ol standard deviation involves
the following steps: g B}

ard

L Calculate price.relative for each week using one year, or a_fraction
ol a year's, historical weekly data. The price relative for a week is the-
ratio of the price at the weekend plus dividends, il any, to the pri;re at
the beginning of the week. - -

" 9. Find natural logarithms of each af the price relatives: Thiy is the
continuously compounded rate of return’per week. IR B

3. Calculate standard deviation ol the seri}

‘ . 's of continuously
compounded rate of return as follows: ' '
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(a) Calculate the mean rate of return,

7 EX _ ’
n

{b) Find the total of squared deviations of rates of return from the
mean rate of return,

I(X- X)?
(¢) Use the following rule:

o Z(X - X)?
n

Alternatively,

2
o= ’EX _ 3
) n

4. Convert the continuously compounded weekly “standard
deviation to a yearly standard deviation by miultiplying it by the
square root of 52. .

- 3

Similar calculations can be done by using the data on daily prices.
In that event, the continuously compounded daily standard deviation
can be converted into the required standard deviation by multiplying
by the square root of the number of trading days in the year. Also, if
monthly data are used, then the required value is ob}ained by
multiplying the monthly (standard deviation) value by square root of
12. -

’To understand the calculation ¢f standard deviation, let' us
consider the hypothetical closing prices of a share over the last 15
weqks as given in the Table 5.5 Using the values in t‘he_secdfld
column, -price relatives (PR) are obtained L, Jividing the closing
price of a given week by the closing price of the preceding week.
Accordingly, the first price relative is 42.50/40.00 = 1.0625, the
second one is 41.70/42.50 = 0.9812, and so on. The fourth column int -
the table contains the natural log values of the price relatives. This
represents the series of continuously compounded weekly. rates 0"
returti, The mean and standird deviation of this series are calculate
next, which work out to be 0.0103 and 0.0406 respectively!

0.1441

>

Mean =

=0.0103
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grandard dgviation,

0.02454205 ;

o,

The annual volatility can be obtained by converting the weekly

standard deviation value into a yearly one by multiplying by /52,
Accordingly,

Annualized volatility = Weekly vélalility % /52
- =0.0406 x v/52 = 0.2928

_ = Table 55 =

Calculation of Standard Deviation

Week  Closing Price  Price Relative (PR} WPR=X X2
1 40.00

2 4250 1.0625 0.0606 0.00367236
3 41.70 ' 0.9812 - 0.0190 0.00036100
4 42.20 1.0120 0.0119 000014161
5 43.50 i 1.0308 0.0303 0.00091809
6 48.70 1.1195 0.1129 0.0127464 1
7 45.30 0.9302 - 0.0724 0.00524176
8 44.90 0.9912 - 0.0088 0.00007744
9 46.20 - 1.0290 0.0286 0.00081796
10 - 46.20_ 1.0000 0.0000 0.00000000
11 45.80 0.9913 - 0.0087 0.00007569
12 45.60 0.9956 - 0.0044 0.00001936
_ 13 45.70 1.0022 0.0022 0.00000484
Ist 45.30 - 09912 - '~ 0.0088 0:00007744
15 46.20 ' 1.0199  ° - 0.0197 0.00038809
W Total ~ 0.1441 0.02454205

- The-value of annuatized volatility as derived above —-termed tl

standard deviation of the distribution of contirmuously compounded

#nnual rate of return, ¢ — is used in computing the value of a call
Option on a scrip. :

Strictly, the Black and Scholes model requires the usage of o as it is
likEIY to be over the life span-of the option. Howéver, the nrodel is
erived under the assumption that rates of return are identicall
distributeq over time. If this assumption were indeed to hold, then
\Wisfactory estimates of standard deviation can be made from the
i:itorical data. The Yolatility measured on the basis of historical data

" “Tmed as Aistorical volatility.
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The historical volatility, together with the current market analysis
and perception of the market serves as the basis ol making estimate of
the luture volatility. The historical volatility measured on the basis of
recent past data is generally taken as a reasonable estimate of the
projected volatility.

Calculation of Call Option Value

The calculation of call option value using Black and Scholes model is
demonstrated below.

Example 5.3

Consider the following information with regard to a call option on the
stock of ABC company.

Current price of the share,-S; = Rs 120
Exercise price-of the optiori, E=Rs 115

Time period to expiration = 3 months. Thus, = 0.25 years

Standard deviation of the distribution of continuously compounded
" rates of return, 0= 0.6

Continuously compounded riskfree interest rate, r=0.10

With these inputs, the value of the call using Black and Scholes
formula can be calculated as follows:

We first obtain the values of d, and d, as shown below:
_ In(120/115) +(0.10 + 0.5 x 0.62) (0.25)

d = . - = (.37
LN 0.6 /0.25 =

" _ In(120/115)+(0.10 - 0.5 x 0.6%)(0.25) _—

d? o 0.6 .,/0.25 . T

. From the table of the area under a normal curve, Table A2, we -
observe that for 2= 0.37 (= d)), the area = 0.1443 and for z(= d,) =
0.07, the area = 0.0279. These values give the areas between mean
and the specified values of 4, and d4,. Here we need the total areas
under the normal curve to the left of 4, and dy, which are respectively
0.5+ 0.1443 = 0.6443 and 0.5 + 0.0279 = 0.5279. Thus,

N(d) = N(0.37) = 0.6443, -

N(d) = N(0.07) = 0.§279

The value of the call is
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L1
C= 120 % (0.6443) = ~gigogr (0-5279) = Rs 18.11
RN

The use of the Black and Scholes formula has given the value of
the call on ABC to be.equal to Rs 1811 for the data given in the
example. Let us suppose that this call is selling at Rs 16.50. If the
formula does give correct value of the call, then the call is
undervalued in the market. In such an event, one can take advanlagc
by purchasing the call. As an alternative, the investor can protect
himsell against unfavourable price changes by buying the call and
selling the stock short.

Calculation of Put Option Value
Using the put-call parity, we can determine the put option value on
ABC as follows:
P= C+ Ee-”_QS‘O
= 18.11 + 115 e 1002 _ 190 = Rs 10.27

Thus, to obtain the put option value, we first calculate a theoretical
call option value using the Black and Scholes model and use the result
as an input in the put-call parity .model. Obviously, the value so
derived is the put option that would exist without arbitrage
opportunities.

In fact, it is not necessary to calculate the call option value before
the put option value may be derived. The Black and Scholes model
can be combined with the put-call parity model to dlrectly obtain the

- put option value. This is given below:

P=Ee"" N(-d) - 8§ N(-d,)

with all variables defined as earlier.

To consider again the Example 5. 3 we have, E=Rs 115, 7= 0 10,
t=0.25, So=Rs 120, d;,.=0.37 and (12—007

Accordingly, N~ d,) = N[- 0.37) = 0.3557 and . B
M- dy) =N 0.07) = 0.4721

Now, P=115xe*10%02 5 4791 2 190 x 0.3557
- =52.95 = 42,68 = Rs 10.27 z
This value is |dentu.al lo the one oblamed mulle i i}

Recall that a call option with stock price exceeding the exercise
price is an in-the-money option. With § = Rs 120 ariid E= Rs 115,
the intrinsic value of call is Rs 120 ~ Rs 115=Rs 5. Th}: time value of
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the option equals'Rs 18.11 = Rs 5 = Rs 13.11. On the other hand
with § = Rs 120 and £= Rs 115, a put option is out-of-the-moneyf
Therefore, its intrinsic value is nil and the value of Rs 10.97
represents only the time value. : f

[t may be noted that if the call and the put options involve a
contract of 100 shares, then the buyer of a call option in the above
case will be required to pay a sum of Rs 1,811, while a put option
buver will pay Rs 1,027 [or one option. The values of Cand P are
essentially for a single share.

Sensitivity Analysis We have already discussed various factors
affecting the values of options. Now, we examine the effects of
changes in various parameters determining the option values in the
context of the Black and Scholes model. "

The begin with, consider the information given in Example 5.3.
Let us term this information as the basic data. Then, basic data is:

Stock price, S =Rs 120

Exercise price,” E=Rs 1 15

Length of time before expiration = 3 months
Thus, é= O,'25 years

Standard ‘deviation of the distribution -of continuously
compounded rate of return, o= 0.6 N

Contin’uoué[y compounded riskfree rate of interest, 7= 0.10

From this data, we have, e
_Value of the call option = Rs 18.11 >
" Value of the put option = Rs 10.27 - C

To trace the effects of changes in different paramctcrs.on the call
and put option values, the various parameter values in the basic data
are changed and the call and put option premia are recalculated. It
may Be noted that all the changes in the parameter values are to be
considered independently so that for a particular new parameter
value all other values would be the same as in the basic data. -The
results for certain sélected values are given-in Table 5.6. T}re
following points may be noted: ' a

1. Other things being equal, an increasé in the stock price results.l‘n
an increase in the value of a call option because it becomes deeper in-
the-money and, hence, its intrinsic value increases. On the other
harnd, the put option value registers a decline.
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When the stock price becomes very | '
.o be certainly exercised and isrzkiirtg; ,aaf::vlvlaigtézn tbecorr!es
very price equal to £. Thus, such a call would be ex :c:a:lt with
riced at So ~ E e™". In the Black and Scholes formu]itiofl lto e
values of SO will result in large values of d] it (1,2 and Nld’ )drgei
Md) would both be close to 1. For the put option, or; the oth;:rlhaz:;
ge values of S would result in a price close to zero. &

liable
1 deli

the lar

| : : :

9. An increase in the exercise price from Rs 115 to Rs 118 reduces

\he intrinsic value of the call option. Thus, the call premium reduces

with this. The put option value, on the other hand, increases because
At this exercise price, it is out-of-the-money to a lesser degree.

3. When the exercise price is taken to be Rs 125 against the stock
price of Rs 120, the call option becomes out-of-the-money. Hence its
t this rate, the entire premium is on account of the
the call option, the put option is in-the-
ue equal to Rs 125 - Rs 120=Rs 5. Out of
4.93, the time value of the put option is

value reduces. A
time value. In contrast to

money with an intrinsic val
the total premium of Bs 1
Rs 14.93 — Rs 5 = Rs 9.93.

Ny

Table 5.6

il

Effect of Changes in Various Parameters

Value of Option (In Rupees)

,_Neﬂ) Parameter Value
Wl

L. B N Call Put
] Basic Data 18.11 10.27
Cos=124 - 20.78 8.94
E=118 16.15 11.24°
E=125" 13.02 * 14.93 )
" 7 =4 months 20.81 i 12.04
r=12% 18.40 10.00 > _
a=07 - 20.34 12 50 -

ption to maturity, g'reater“ls the time

y, both the call and the put option
he duration from 3 to 4

4. Longer the duration of an 0
value of the option. Accordingl
values are seen to be up with an increase in t
months. |

5. A rise in the riskfree rate of interest has a favourable impact on
rice and unfavourable impact on.the price of the put
uatjon of a call option, the riskfree rate of interest (T:)
ons: for calculation of dj, & and Ee™"-
the impact of an increase in the value

the call option p
option. In the val
is used in all the three expressi
It may be intuitively seen that
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of r would be much less on d, and d,, and therefore on N(d,) and
N(dy), than on £ ¢ The overall impact would, therefore, be to
~appress the value of £e™". Consequently, the call option value will
show an increase. However, the impact of the change in r, cannot be
traced directly for the put option value. An increase in the riskfree
rate of interest, as indicated earlier, leads to an increase: in expécted
growth rate in the stock option prices, on the one hand, and a
decrease in the present value of any cash flows received by the holder
of an option, on the other. Both these effects have an adverse impact
on the value of the put options. Suffice to say, then, that the increase
in the value of C, the call option price, is more than offset by a decline
in the present value of the exercise price, E e thus lowering the
value of a put option.

6. An increase in the variability of the underlying asset value makes
the options more valuable. This is evident from the values of call and
put options contained in the last row of Table 5.6. -

On the other hand, a decline in the variability would lead to a
decline in the option values. When the variability, o, approaches
zero, the stock in question would be virtually riskfree. Accordingly,
its price would grow at the rate 7to Sy e” after time ¢and the payoff
from a call option at maturity would be S, e™ - E, or zero, whichever
is higher. Discounting at the rale r, the present value of the call option
works out to be the higher of the two: §— Ee™, and zero. Similarly,
when o tends to zero, the put option price would be the larger of
Ee™ - S, or zero. ’

The sensitivity results are summarised in Table 5.7.

. Table g.?

[l
il

‘Sensitivity of Option Premium

Effect of an inérease in value of
each parameter on the option value,
holding others constant -

Parameter

- _ Call option Put option

. premium premium

1. Currént Stock Price Increase - Decrease
2- Ef(ercise Price Decrease - - Increase
3. Time to expiration Increase Increase
4. Intere.sf Rate ilncrease ; Decrease
9. Volatility ‘increase Increase
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Volatility Revisited: Calculation of Implied Volatility It is clear that
volatility of the underling plays an important role in the Black and
Scholes option pricing model. [Uis measured in terms ol the standard
deviation and used as an input in the formulation. A reference to the
Black and Scholes formula reveals that sigma (o) enters the equation
severaltimes. Now, just as we can calculate the option premium fora
given set of inputs including standard deviation, it should be possible
for us to calculate the standard deviation (o) when all parameters,
except this, ure given along with (market) price of the-option, and the
Black and Scholes model is assumed to work. This is implied volatility
in the given vption premium. The objeclive of deriving implied
volatility is to use it as an aid in forecasting the future volatility,

However, it is evident from the format of the equation that
although o appears repeatedly, it cannot be conveniently isolated.
Thus, we cannol obtain the value of o from tlie equation directly. We
may obtain its value only by trial and error process.

Several attempts have been made to produce approximations to
estimate the implied volatility but they lose their accuracy as the price
of the underlying moves away from the exercise price. A solution
provided by Corrado and Miller is given here, that produces values

very nearly correct over a reasonable range of moneyness of the
options. The rule is: .

-

o= ‘ T
] J2x C- So-Ee™" + o= So-Ee " 2_(SO—E1’-T')2
Ve[ Sy+Ee™ 2 2 - T

.. For the data in” Example 5.3, where Sp.= RS 120, E= Rs 115,
t=0.257=0.10 and C=Rs 18.11, we have

S+ Ee™=120 + 115e' X% <939 161~
Sy~ Ee™=120"= 115701 %025
- = 7.839 -
TFucther, - | )

N7 B N R 839 2
SN S L Y B U (18.11—7'839 RGLLD)
[0.25 | 232161 |- 2 ) E

—0.60 . : . "‘
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This indeed is the o value used in calculating the call option valheg.

For an exactly at-the-money call option, however, we.can get the
implicd volatility by applying the following formula:

- 0.5(C+P)(2n/t) b
E/(1+r) ‘
This can be seen with the help of an example. |
Example 5.4 -
The following data are given: :
Stock price : Rs 120 ,
Exercise Price . : Rs 120 |
Risk-free rate of interest : 5% p.a. -
Standard deviation of continuously .
compounded rate of return (o) : 0.20
Time to maturity - ° ) : 45 days

Calculate the call and put option values usin'g these data. Now, using the
same inputs and the call and put option values, verify that o= 0.20.

Using the given information, the call and put option values may be
calculated as equal to Rs 3.73 and Rs 2.99 respectively. Now,
substituting the various input values in to the formula, we may
calculate the‘implied volatility, o7 as follows: - R &

- 70.5(3.73 + 2.99) /2 x 3.1416 x (365/45)
o=
120/(1.05)45/365 o |

I

)=0_.20 - . -

2

Derivatives of Black and Scholes Formulation
i l

Having considered broadly as to how the option preiniua is lixely to
be affected when some input value changes, we may now fbrmally
state the various measures of sensitivity. Matherhatic'ally, .they may
be obtained by differentiating the Black and Scholes formulation for
call and put options, with respect to various input parameters, iiamell'}’

Sos & 7, and o7 The derivatives include delta, gamma, ‘theta, tho and”
vega. We consider these now. - e T

Delta This is a very Significanfbyprpduct of the Black and Scholes
model and is used extensively in the context where options form part
of the portfolios. The reason for this is that the deltas provide multi-
fol(i information. Deltas are interpreted as (1) & smeaveee of volail f
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e likelihood that an option will be in-the-money on

4 measure of th
and (iii) a hedge ratio.

) ration dil}"
of volatility of the option premium, deltarefers to the

Asa measure
h the price of an option changes for a unit change in

1 b)’ VJhiC
e underlying security or index. Mathematically, it is

rtial derivative of the call option premium (C) with
respect 0 the stock price (Sp) for a call option and partial derivalive of
the put option premium (P) with respect Lo the stock price () for a

ut. A delta equal to 0.7 for a call option implies that for a one unit

nge in the stock price (or index) the option would move 0.7
points. Similarly, a delta equal to — (.8 for a put option means that the

put option premium will decline by 80 paise if the underlying stock

price rises by one rupee.

In terms of the Black and Scholes model, for a call option, the delta
while for a put option it is equal to N(d)) - 1. For
Example 5.3, N(d,) being equal to 0.6443, the delta for call option is

.6443 and for put option, it is-0.6443 - 1 = - 0.3557. Thus, if the
price of the underlying share ABC, rises by Re L, the price of call
option wileroximateff@t paise while the price of the put
option will fall by a[m&uf;@”p?iiej i should be noted, however, that
these estimates of changes in the option values are only approximate.
These values of deltas will give us exact changes only if the changes
in stock price are infinitesimally small. Since a one-rupec (or some
bigger amount) change in the price is discrete, the computed prices

are only estimates.

aﬂl(lL”
(h’f prl((_‘ ()f Ul

equal 10 the pa

cha

is given by N(d,),

delta value would always be greater than zeraq
ts area ender the standard

[0 have delta close

Evidently, the call
and less than one, since N(d,) represen
normal curve. Dee in-the-money call option
to unity while deep in-the-money put options would show a delta
nfa’ﬁ'?lg“-—/l."O’tIé'ﬁé'ﬂtl;a/tZr_e%far’Qut-of-the-monex have delta values
close to zero. Thus; while deep in-the-money options tend to move in

vdth the value of the underlying asset, the far out-of-the-

tundem
low response to such changes. An
e LA

money options show a ve
analysis of the changes inWevea st ﬂﬂgp_li_gﬂis”’
@¢f’£rl?—)f:£h¢ decline in del@_i_s_agggg@_’tadx [inear over time,
while for an out-ol-the-money option, the delta declines and
approaches zero as the time passes, the decline bcing more
Fronounced as time passes. On the other hand, in-the-money options
behave like the underlying stock and approaches 1.0 as the date of
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EXP}”}"JOH approaches. The delta changes most rapidly for the
Op.hcms that are near (he money. Further, as an option moves from
b'emg out-of—lhe-money to in-the-money, the value of delta increases
(ignoring the minus sign in case of put options), the increase being
greatest for the smaller dated options.

Delta as a Probability Delta is also employed as a measure of the

probability that a given option will be in-the-money on the expiration
day. Thus, for the call option considered in Example 5.3, which has
delta equal to 0.6443, we can say that there is nearly a 64.43 percent

chance that the stock price on the expiration day will be above the
option exercise price of Rs 115.

Defta as a Hedge Ratio In the Black and Scholes formulation, N(d))
also gives the optimal hedge ratio. This indicates how many units of
the option are necessary to mimic the returns of the underlying stock
(or other asset). For our example of ABC shares, N(d)) = 0.6443. It
implies that for every call option purchased, 0.6443 of the share of
the stock should be sold short, and since a call option is (generally)

for 100 shares, 64.43 shares of the stock should be traded for each
call. Accordingly, ’

Number of shares of stock per call option = 64.43, and

Number of call options per 100 shares of stock = Rec N(a_’l) = }:{ec
0.6443 = 1.55. - )

Accordingly, if someone owned 1000 shares of the underlying

stock, then writing 15.5 (that is 16) call option contracts would result
in a theoretically perfect hedge for small changes in the stock price.

Creation of Deha-Neutral Positions  To put the idea more formally, let
“us consider a portfolio _comsisting of a short position in one call

(European) on a_stock and long position in delta units of the stock.
The value of this portfolio, P, would be:

- - P|=_C'+ NM’) SU } -
With our example, where C=Rs 18.11, N(d)) = 0.6443 and S, =
120, : ; _

Pi=—-18.11 + 0.6443 x 120 = Rs 59.206.

Now, if the stock price increases to Rs 121, the value of the portfolio
would be

P.=-18.76 + 0.6443 x 12 = Rs 59.200.
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Thus, for a one-rupee change in the stock price, the value of the
])(mliﬂmlv(i changohyorly Rs 0.006. If the change in the price of
ihie stock were inlinitesimally small, then the portfolio value would
not change at all, and if there is a large change in the stock price, the
change in the portfolio value would be large. However, even for the
substantial changes in the spot price of the slock, the changes in the
portfolio value would be 1'el:1(i\v'el)' small. To illustrate, il the stock
price becomes Rs 130, the call price would become Rs 25.05 and the
portfolio value would change as shown here:

1= —25.05 + 0.6443 x 130 = Rs 58.7009.
Thus, here a Rs 10 change in the stock price brings about a

Rs 0.497 change in the value of the portfolio. Figure 5.7 shows how
the value of this portfolio changes with changes in the stock price.

Value -
(Rs) Portfolio : One short call and Pelta shares
60—

58
56—
54—
52-
50
*. 48]
46—
44
42
40
"38- _ q

S -

U L e a |
) [
60 70 80 90.100 110 120 130 140 150 160 170 180
Price of share (Rs) i

> Fig. 5.7 Value of Delta-Neutral Portfolio

This type of portfolio is termed as delta-neutral portfolio because f
it, an infinitesimal change in the stock price does not -'rodueéor
change in the portfolio value. Accordingly, for this portforl)io wlclo]-a
value is insensitive to small change in the price of stock, the,delta‘a‘iz

ZEro.
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The Black and Scholes model is based on the assumption that the
stock price changes continuously. Now, suppose that we can trade
shares and options continuously (remember that delta. changes with
changes in stock prices) and rebalance our portfolio as stock priee
changes. In this rebalancing, we attempt to maintain the portfolio as
a delta-neutral one. Thus, through continuous trading, we can keep
our portfolio insensitive to stock price changes and, hence, risk-free.
Such a risk-free portfolio should earn the risk-free rate of return.

The possibility of creating -a delta-neutral portfolio is a very
‘important one in shaping the risk profile of an investment. Thus, the
stock in question may be very risky one and an investment in it may
be made risk-free (delta-neutral) by using a call option as discussed
earlier. Now, if the investor shorts not one, but one-half a call, then
the risk would reduce, but.it would not be completely eliminated.
Thus, options can be used to modify the risk profile as desired.

The idea of creating delta-neutral portfolio is also important in
using delta-oriented hedging strategies. The principles of hedging a
single option discussed earlier can-be applied as well, when a
portfolio consisting of multiple options is held. In case of multiple
options, the first step required is the calculation of position delta and
then a hedge is created such that the position is delta-neutral.

-

The position delta is calculated as the weighted average of the
deltas of the optians held. The respective weights for various options
are given by the proportionate values of the options in the total
portfolio. The deltas are given positive signs for long call and short
put positions, anll negative for short call and long put positions.
Evidently, to be meaningful, each position in the optioris must be on
the same underlying asset although the position can include calls and
puts, long and short positions, and with options involving dilivicia
exercise prices and expiry dates. _ - 2

Once the position delta is calculated, position in the underlying
asset can be taken to make the optibn delta-neutral. To illustrate, if
the option positioﬂr,_l had a net deélta of + 0.7, then such position would
be made delta-neutral by going short the .underlying asset.to-the
extent of 0.7 or 70% of the notional value of the assets repfesented‘b)'
the option position. Thus, if the option position consisted of Calls-on
%0,000 shares, going short 28,000 shares will make the pOQition
instantaneously delta-neutral. In terms of the Black and- Scholes
model, it would be possible continuously to rebalance the portfolio
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., sltering the short position in the underlying asset to ensure that

o portfolio remains delta-neutral.
- Y

e The gamma represents the amount by which an options
solta would move in response to a unit change in the underlying
sxck price or index (in language of calculus, gamma is the second
l::.;-;\:;:i\‘e of the option price with respect to the stock price, S).

it measures the proportional change in delta for a given change

.-\\.‘

Lasas

- the underlying asset value. A movement of delta from 0.6 to 0.7 in
~ladon to 2 unit change in the underlying index, for instance, yields
1 mmma equal to 0.1. For an at-the-money option, gamma increases
i the tme to maturity decreases. Short life at-the-money options
would have very high gamma values implying thereby that the value
of the option holder’s position is very sensitive to jumps in the stock

‘eavT.

The gamma of a call option is always equal to the gamma of a put
opdon and if can be either positive or negative. In the Black and
Scholes formulation, gamma is calculated as follows:

Ca a— Sz(dn ;{ ) §
oI L \
where q//ré/
-&£n G .

- z(d,) == _ .
For our example, (Example 5.3), we have Sy =120, 60=0.6, t=
0.25 and d; = 0.37_Accordingly,~

e—.l,’rz ? e-,(o.37)’ /2 -
z(d))= jQ-z = Tox =0.3725
. - d,) - 0.3725
-\0‘.'.', Gamma = o L - =
' 2T S0V T 120x06x Joos 1 -

~ Here gamma equil to 0.0103 has the implication that an increase
‘N the stock price of Re 1.0 will increase the call delta by 0.0103. With
'S_u='120, the call delta gt present is 0.6443. If the stock price were to
e from Rs 120 a share to Rs 121, the delta would increase to 0.6546.

X Similarly, for the put option, the delta = - 0.3557 would change te
lt(?-3.‘5:.»{ + 1(0.0103) or — 0.3454, with a one-rupee change in the P
ck price from-Rs 120 to Rs 121. 3
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Theta  The theta is obtained by considering value of an option as a
function of {ime when all other parameters of the pricing model
remain conswant. [Lis thus known as the time decay of the option value.
Theta represents the price decay that affects an option as it ages and
loses time value. It is nearly always negative for an option because as
the time to maturity approaches, the option tends to become less
valuable. In exhibits greatest effect before close to the expiration of
the option.

Defined as the negative of the derivative of the option price with

respect to time remaining until expiration, theta is obtained as
follows:

For a call option s M.ﬂ _
-Theta=—'—‘% ~Ee"rN(dy) \@j o e
For a put option i - | N(i—c?z
Theta = - S—ﬂg%-)_“— ¥ Ec™r N(- &)
where _ -'
z(d)) = Lol

- Jer "
C(:)ntinuing with the data of Example 5.3, where §; = 120, 0= 0.6,
t£0.25, E=115, r=0.10, d, = 0.37 and d, = 0.07, we have

~d2/2 Z(0.37)27% .
’ e (0.37)

€ — r
z(d,) = N __0.372J

Accor;:]ing]y,

120 0.3725 x 0.6 s [
2 j03s ~ 115%™ *19%0255 0. 10 % 0.5279

Theta (call) = -

- =-26.82 - 5.92 -
=_32.74 -
: _ 120%0.3725 0.6 or
'ljheta (put)_ == QJO 5% 115 % e~0-10%025 L (v 1 ()% 0.4721
- Y - l- - .
=-26.82 + 5.30 5

=-21.52 i
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Note here that these values of theta are expressed in terms of years.
A theta equal to - 32.74 suggests that if time to expiration were a year
longer, then the value of the call shali L up by about Rs 32.74. Thus,
with an expiration of one year and three months, the call would sell
for Rs 18.11 + Rs 32.74 = Rs 50.85. It may be mentioned here that
since the partial derivative evaluates ~hanges in the call price for
small changes in time, it is more accurate, as also desired, that we
express the time decay as about Re 0.09 per day (obtained as
Rs 32.74/365). It may be interpreted to mean that a day nearer to
maturity would cause a fall of 9 paise in the price of the call option.
Similarly, the put option would experience a fall of about (Rs 21.52/
305) or 6 paise per day for each passing day towards maturity. _

For stock prices near the exercise price, both the theta values
would be quite negative as expiration approaches. However, the two

thetas change differently accordingly as the options are in-the-money
or out-of-the-money.

Rho  The rho, which is the first derivative of an option’s price with
respect to the interest rate, measures the sensitivity of an option value
to interest rate. This refers to the rate of change of the value of the

option with respect to a unit change (say one per cent) in the interest
rate.

Generally,-the option values are not very sensitive to the changes

in interest rates. Eor call options, rho is always positive while for
options, it is negative.

4 A
For a call option ¢ e
= - = \
Rho = Ete™ N(d,) e i
) i ) g éf\ (70 ]
For a put option ; - @ ~ -
- - ¢ =
Rho = -"E¢ e___." N(-d,) . \ N )
With E=115,1=0.25, r=0.1 and d, = 0.07, for ouf example, we~
have * ;
N(d)) = 0.5279, and
N(- d)) = 0.4721.
"Now, i ) ) = -
) _ Bone o DGR o & e
Rho (call) = 115 x0.25 x e ' % 0.5279

=14.80

g
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Rho (put) =~ 115 x 0.25 x ¢ *1%025 0.4721
=-13.24

The value of rho for call indicates that an increase in the return
from 0.10 to 1.10 (10 to 110%) would cause the call option price to
rise by Rs 14.80. Like in the case of time changes, it is desirable here
to re-express changes consequent upon small changes in the interest
rates. Accordingly, an increase in the risk-less interest rate from 10 to
[1 percent would result in an increase in the value of call equal to
Re 0.1480, or about 15 paise. Similarly, for the put option, the tho
value —13.24 implies that an increase in the risk-free interest rate
from 10 to 11 percent would result in a fall in the put option value
equal to about 13 paise. ‘

!
Vega Also known as kappa or lambda, vega measures the rate of
change of the value of an option with respect to the volatility of the|

underlying stock. Vega is always positive and identical for call and;
' b

put options. For the Black and Scholes model, Vega = /¢ z(d,) in
. 4 J =4 /2 - '
: ‘s obtai _ )
Whlch z(d)) is obtaine a§ z(d,) T

In practice, volatility of the asset underlying a derivative security
may not remain constant and may vary over time. This means-that
the value of the derivative security (the option) may change not only

because of the change in_the asset price but also because of

movements of volatility over time. A high vega suggests that the

option valueé is very sensitive to smalt changes in volatility, while a

low vega implies that volatitity changes over time cause_relat':jvgly

insigni'gca_mt impacton the option prices.

For the data in Example 5.3, the vega may be obtained as under:

Vega =8 VI 2(d) - R g

= 120 x 0.25 x 0.3725 '
= 22.35

This value indicates that ifo changes from 0.6 to 0.7, the call value
shall be up by Rs 2.235 (since a change from 0.6 to 1.6 causes the
‘price to increase by Rs 22.35 as given by vega) to Rs 20.35, while'a | .
decline in o from 0.6 to 0.5 would cause the price to fall by Rs 2.235

to Rs 15.88. The put option values would-also change similarly.
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— DIVIDENDS, SHARE SPLITS AND BONUS SHARES

;"A’:

The payment of dividends, the splitting of shares and the issue of
bonus shares during the currency of options affect the option prices.
We shall now consider each of these in turn.

The options traded in the exchanges are usually not
adjusted for the cash dividends payable on the underlying shares.
Since the payment of cash bonus has an effect on the share prices, the
option premia are also affected. We have already mentioned earlier
in this chapter that the payment of dividends affect the price of

Dividengs

options.
To understand the idea, iet us recall that price of a share at a giver
in time in equal to the present value of all dividends receivable

n future. Thus, today’s price of a share represents the present
e after today and its price at the
present value of all dividends

point
oniti
value of all dividends obtainabl

expiration of a call would be the
obtainable subsequent to that day. The difference between the two

prices is the present value of dividends between today and and the
expiration date. Now, assuming that the dividends during the
currency of the option are known with certainty, the share trades ex-
dividend prior to expiration, and the ex-dividend day and the
payment day are the same, the value of the call option using Black
and Scholes formula may be obtained by taking the share price
adjusteci for the present value of the dividend(s) during the life of the
option. Subtracting the present value of the dividends from the stock

price has-the effect of reducing the value of the call option and
increasing the value of the put option. -

Examp{e5.5 ; w =

Reconsider the Example 5.3. Suppose that a dividend of Rs 2.50 will

share 40 days from today. You are

be received from the underlying : day. Ye ]
required Lo calculate the values of the call and the put options in light of
this information. -

_Rs 120, E=Rs 115, t=0.25,r=0.10,0

“The inputs given are: So |
=0.06 and a dividend of Rs 2.50 after 40 days.
‘present value, D,, of Rs 9.50 obtainable after (=

- Ly=De™"

_0.10 x 40/365
=050 e 0%

= Rs 2.47

We first calculate the
40/365, as follows:
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The present value of shave, S, adjusted for the present value of
dividend, Dy, equals 8, = & - Dy = Rs 120 = Rs 2,47 = Rs 117.53.
Substituting this value of §;, we can obtain the call oplion value as
follows.

Calculation of AMd,) and Nd,):
_ In(117.53/115)+(0.10+0.5 x 0.6)(0.25)

=0.31
4 0.6,/0.25
Therefore,  N(d)) =N(0.31)=0.5 +0.1217 = 0.6217
’ 2
= In(117.53/115)+(0.10-0.5 x 0.6?)(0.25) _ - ..

0.6.,/025
Accordingly, N(d) = N(O‘.OG) = 0.5 + 0.0239 = 0.5239

Now,

C=S, N(d,) — Ee™™ N(d))

115
=117.53 x 0.6217 - D00, (0.5239) = Rs 14.31

Now, the put option premium-can be calculated as follows:
P=C+Ee"-8 - 2.8
= 14.31 + 115 x e O *¥505 _ 117,53
- =Rs10.53 . -
Stock Splits The options traded on exchanges are adjusted for the
stock splits. Recall that a stock split occurs when existing shares of a

-company are split into a greater number of shares. A stock split
occurs, for instance, when a company which has its capital divided in

shares of Rs 100 each,.decides to convert-the bapital into shares of

-denomination of Rs 10 each. In such a case, a 10-for-1 split occurs
and>10 new shares are replaced for each existing share. Since a stock
split does not affect the assets or the earning capacity of the company
in any way, the wealth of the shareholders does not change. Other

_ things remaining the same, a 10-to-1 split would cause the price of the
share to be one-tenth of what it was before. Thus, any stock split

- would be expected to affect the price of the share proportionately.
The tenps of the options are adjusted to take account of any stock
splits so as to reflect the expected price changeé resultTg therefrom.
In general terms, for an b-to-a stock split, the exercise price is reduced
to a/b of the original value while the number of shares’ire increased
to b/a of the previous value. It goes without saying l.}j'at in a given
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case, if the share price moves as expected, the positions of the buyer
and the seller remain unchanged.

Example 5.6

A call is purchased to buy 100 shares at Rs 90 per share. Suppose that
during the currency of the option, the company split the stock in the
ratio of 5-t0-2. This would canse the terms of the contract of change so
that the writer will be obliged to deliver 250 (= 100 x 5/2) shares
@ Rs 36 (= 90 x 2/5) per share on demand.

Bonus Shares  Like in case of splitting of shares, the issuance of bonus
shares also is adjusted for in the options contracts. The bonus shares
imply that more shares are being issued to the existing shareholders.
The issue.of bonus shares, like the splitting of shares, does not affect
the assets or the earning capacity of the company and the price of the
shares of the company is likely to fall down. If the shareholders of a
company receive 2-for-5 bonus shares, it implies that d shareholder
would get two equity shares as bonus for every five shares held by
him/her in the company. This is equivalent to a 7-to-5 splitting of the
shares. Accordingly, other things being the same, the stock price
would decline to 5/7th of its previous value. The terms of an option
are adjusted to reflect the expected price decline arising from a bonus
shares issue in the same manner as emanating from the splitting of
shares. ) )

4

Example 5.7

In respect of a call option to buy 100 shares of a company at Rs 60,
suppose (hat the company involved issues 20% bonus shares (so that - _
» for every five shares held by a shareholder, one share is giverr as a
bonus). This is equivalent fo a 6-to-5 stock split. Accordingly, the terms- -
of the options contract are changed, so that it gives the holder of the

call aptinn the right to buyZ120 shares of the company at a price of
Rs 50. i .

LIMITATION OF BLACK AND SCHOLES MODEL

It may be noted that the Black and Scholes option pricing model
works well for oplionsthat are near the money and for options with”
next striking price on either side of the stock price. However, it does
not yield satisfactory results for options that are deep in-the-money or
out-of-the-money. Similarly, it has been found that the model does
not yield unbiased values in respect of stocks with very high or very
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EXERCISES

h!
]

1. Why are American calls likely to be more valuable than the
comparable European calls? ~

_ 2. How are valuations of call options in respect of a stock likely to
Be affected by (i) different_exercise prices, and (ii) lengths of”
time to expiration? Consider two calls with (ite same time to
expiration that are written on the same underlying stock. The
first cau raaes 1or Rs 8 and has an exercise'price of Rs 95, while
the second call has an exercise price of Rs 90. What is the maxi-
mum price that the second call would have? Explain.
Graphically depict the valuation of (i) call, and (ii). put options.
Show that the minimum value of a European call option shall
be at least equal to the difference between the stock.price and

_the f)resent value of the exercise price. . - .

5. Explain the principle of put-call parity.

6. Trace the effect of a dividend payable on the underlying share

on the call and put prices.

Ao
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. Discuss the various factors affecting the prices of options. Also
indicate as to how each of these would affect the, price of
(i) a call option, and (ii) a put option.

8. How do the call and put prices vary with interest rates? Also,

explain in intuitive terms, the relationship between risk of the

underlying stock and the option prices.

Discuss the binomial model for the valuation of options. Why is

it calted ‘binomial’?

10; State the assumptions underlying the Black and Scholes model.

11. Explain the calculation of the standard deviatien of the distri-
bution of continuously compounded rate of-return on the stock
for use as a measure of volatility in the Black and Scholes for-
mulation.

12. State the Black and Scholes formula for the valuation of Euro-
pean call options. How can the put option. with the same pa-
rameters as a call option can be valued? ,

13. What do you understand by implied volatility? How can it be
calculated? . )

14. Discuss the sensitivity of the B-S formulation to changes in the
input values. :

15. A share price is currently Rs 50. Assume that the end of six
months it will be either Rs 60 or Rs 42. The risk-free rate of
interest with continuous compounding is 12% per annum. Cal-
culate the value of a 6-month European Call option on the stock

- with exercise price of Rs 48. - -

16. Using binomial pricing model, obtain the hedge ratio, ¢, and
the call price from the following data: ~ ~
Share price = Rs-70; Exer_cise pricia =Rs75u=1.2;d=0.9;i=
1.2; and N=3. - " E . Y :

17. Determine the value of a call option using the Black and

" Scholes model: e - . -
The share is currently selling at Rs 80.and the standard devia-
tion™ of the stock’s instantanequs rate of return is 0.7. The call
has an exercise price of Rs 90 and has 6 months to go-for expira-
tion. The continuously compounded risk-free rate of return is
8% per annum. I ] :

18. *(a) Using Black and Scholes formula, calculate the value 6f a

~+ 'European call option using the following data:

Exercise Price = Rs 100

Stock Price =Rs 90

Time to expirdtion = 6 months

~1

do’
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Continuously compoundaed visk-(vew viute of return = 10%
PCI' annum
Variance of continuously compouncled rate of return =
0.25
(b) By Put-Call Parity, determine the value of Put option using
data in (a) above. J
are given the following data on a certain share and a call

19. You
option on the stock:
Share Price 'Ry 67
Exercise Price Rs 65
Time to Expiration 3 months
Risk-free Rate of Return ; )
(Continuously compounded) 8% per annum
Variance of Stock’s Return 0.36

(i) Calculate the value of the option using the Black and
Scholes model. i
(ii) Ifthis option is priced at Rs 7.50, what investment slrategy
would you suggest? ‘
(iii) Use your answer in part (i) to calculate the value of a put’
option with identical exercise price and time to"maturity.
20. Using the Black and Scholes model and the principle of put-call
/ parity, obtain the values of call and put options from the follow-

ing data:

Price of the Share Rs 124 ”
Exercise Price " Rs 130 i -
Time to Maturity 4 months

Risk-free Rate of Return __ 12% per annum
Standard Deviation of the distribution of the continuously com=
pounded rate of return-on the stock = 0.5. Also state whether
- cach of the options is in-thé-money or out-of-the-money, and
- decompose the values of each one into jntrinsic value and time

value.
}1- From the following data, obtain the call and put option values

based.on Black & Scholes’ fdrmulation:

Stock E)ri_ce ) = Rs 206
Exercise price + = Rs 200
“Time to expiration ' = 47 days .
'standard-deviation of the continuously )
compounded rate of return on stock = 0.26
Continuously compounded rate of return = 8%

Also obtain the values of various greeks.
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22. How would the option values change in Exercise 21, if a divi-
dend of Rs 12 per share is expected to be received in 12 days’
time? '

93. Examine the effect of each of the following changes on the call
and put option values in Exercise 21:

(a) The stock price increases by Rs 8.
(b) The standard deviation of the return is changed to 0.30.
(c) The risk-free rate of return reduces by 2 percent.

24. From the information given below, estimale the volatility im-

plied:"

Stock price | = Rs 126

Exercise price = Rs 132

Time to maturity = 45 days
_ Risk-free rate of return  =8% _

Call premium ’ = Rs 3.30

Recalculate the volatility if the stock price I;'liltChG‘S with the
exercise price.
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SWAPS

Introduction

A swap is a method for reducing financial risks. Swap is an exchange, and in financial
jargon it is an exchange of cash payment obligations, in which each party to the swap
prefers the payment type or pattern of the other party.

In other words, swap occurs because the counter parties prefer the terms of the other's
debt contract, and the swaps enables each party to obtain a preferred payment
obligation.

Generally, one party in the swap deal has a fixed rate obligation and the other party in
the same deal has a floating rate obligation, or one has an obligation denominated

in one currency and the other in another currency.

Meaning

Swaps are private agreements between two parties to exchange cash flows in the future
according to a prearranged formula.
They can be regarded as portfolios of forward contracts.
The two commonly used swaps are:
o Interest rate swaps: These entails swapping only the interest related cash flows
between the parties in the same currency.
o Currency swaps: These entail swapping both principal and interest between the
parties, with the cash flows in one direction being in a different currency than
those in the opposite direction.
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Swaptions:

Swaptions are options to buy or sell a swap that will become operative at the expiry of
the options.

Thus, a swaption is an option on a forward swap. Rather than have calls and puts, the
swaptions market has receiver swaptions and payer swaptions.

A receiver swaption is an option to receive fixed and pay floating.

A payer swaption is an option to pay fixed and receive floating.

Swap Terminology

Parties: Generally, there are two parties in a swap deal, and this excludes the
intermediary. For example, in an interest rate swap, the first party could be a fixed rate
payer/receiver and the second party could be a floating rate receiver/payer.

Swap Facilitators: Swap facilitators are generally referred to as 'Swap Banks' or simply
'‘Banks'. There are two kinds of swaps facilitators i.e., Swap Broker and Swap Dealer.

Swap Broker: Also known as an intermediary, a swap broker as an economic agent helps
in identifying the potential counterparties in a swap deal. The swap broker only acts as
a facilitator charging a commission for his services and does not take any individual
position in the swap contract.

Swap Dealer: Swap dealer associates himself with the swap deal and often becomes an
actual party to the transaction. Also known as 'market maker', the swap dealer may be
actively involved as a financial intermediary for earning a profit.

Notional Principal: The underlying amount in a swap contract which becomes the basis
for the deal between counterparties is known as the notional principal. It is called
'notional' because this amount does not vary, but the cash flows in the swap are
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attached to this amount. For example, in an interest rate swap, the interest is calculated
on the notional principal.

Trade Date: The date on which both the parties in a swap deal enter into the contract is
known as trade date.

Effective Date: It is also known as Value Date: This is the date when the initial cash flows
in a swap contract begin (e.g. initial fixed and floating payments, for interest rate swaps).
The maturity of a swap contract is calculated from this date.

Reset Date: Reset date is that date on which the LIBOR rate is determined. The first reset
date will generally be two days before the first payment date and the second reset date
will be two days before the second payment date and so on.

Maturity Date: The date on which the outstanding cash flows stop in the swap contract
is referred to as the maturity date.
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