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Ch09: Swaps, futures and options
Currency swap
Firm A is an American firm who needs to raise SF150m for its Swiss subsidiary. Firm B is a Swiss firm who needs to raise $100m for its American subsidiary. They face interest rate in the 7-year bond markets, both domestic and foreign, as shown below. Current spot exchange rate is at 1.50 SF/$.
	Currencies
	Firms
	Spread

	
	A
	B
	A – B

	$
	10%
	11.5%
	–1.5%

	SF
	5%
	6%
	–1.0


From the given data, it is obvious that:

Firm A has absolute advantage over Firm B in both currency markets to issue the 7-yr bond.

Firm A has comparative advantage in the $ bond market, but Firm B as comparative advantage in the SF bond market.

From the trade theory on comparative advantage, both Firm A and Firm B can benefit by borrowing in their comparative-advantage currency, and then swapping to obtain lower-cost financing.

Here is how to do it:
At t=0, i.e., issuance (exchange of principals)
1. A issues a 7-yr bond of $100m at 10%, and B issues a 7-yr bond of SF150m at 6%.

2. A lends its $100m to B charging 10.75% fixed rate, and B lends SF150m to A charging 5.5% fixed rate.

From t=1 thru t=7 (interest payments)

1. A pays B 5.5% interest annually, and B pays A 10.75% interest annually.

2. A pays 10% interest to its $ bondholders, and B pays 6% interest to its SF bondholders.

At t = 7, i.e., maturity (return of principals)
1. A gives back the SF150m principal to B, and B gives back the $100m principal to A.

2. A pays back the $100m principal to its bondholders, and B pays back the SF150m to its bondholders.
End results:
Firm A’s net interest = +10.75 – 10 – 5.5 = –4.75% vs. –5% if A were to go to SF mkt. Firm A saves 25 basis points.
Firm B’s net interest = +5.5 – 10.75 – 6 = –11.25% vs. –11.5% if B were to go $ mkt. Firm B saves 25 basis points.
In real life, an intermediary, such as a bank, deals directly with both Firms A and B whose net savings will not be as high as 25 basis points because of “haircut” by the intermediary.

Does the currency swap imply market inefficiency such that it provides arbitrage opportunity? Yes, it does!

However, Firm A could be IBM who had not saturated the SF market while Firm B could be World Bank who borrowed heavily in SF to the saturation point, and hence WB has to pay a higher interest rate in SF borrowing. Such market segmentation explains the implied market inefficiency of currency swaps.
Homework: Given the following rates for IBM and World Bank, list out the cash flows in a typical currency swap, assuming IBM pays Swiss Treasury + 10 bp to World Bank, for a 7-year bond to be issued by each. How much does each save in basis points? [Ans.: IBM saves 15 bp, WB saves 10 bp.]

	Currency
	IBM
	WB

	$
	US Treasury + 45 bp
	US Treasury + 40 bp

	SF
	Swiss Treas. + 0 bp
	Swiss Treas. + 20 bp


Note: For you history buffs, the above was the maiden currency swap invented in 1981.
Interest rate swap

· Two firms independently borrow same amount from two different lenders

· Then, the two firm exchange interest payments for a period of time.

· Results: (i) lower interest expense for both firms, and; (ii) better matching in maturities.

· Involves fixed- and floating-rate loans with the latter tied to LIBOR, prime rate or Treasury-security rates.

· Most swaps have notional amount between $25m and $100m.

· Most swaps cover periods ranging from 3 years to 10 years.

· Interest rate swaps work because credit quality spreads are wider in capital markets than in money markets.

Example: Firm AAA has AAA bond rating, and it can borrow long-term at 10% and short-term at prime rate.  Firm BB has BB bond rating, and it can borrow long-term at 11% and short-term at (prime + ½)%.  AAA has mostly short-term assets, and hence it prefers to borrow money market.  Firm BB has mostly long-term assets and hence prefers to borrow at the bond market.

	Interest rate base
	Firms
	Spread

	
	AAA
	BB
	AAA – BB

	Fixed
	10%
	11
	–1.0%

	Floating
	prime
	prime + ½ 
	–½ 


· AAA has absolute advantage in both fixed- and floating-credit markets.

· AAA has comparative advantage in fixed-credit market while BB has comparative advantage in the floating-credit market.

· By trade theory, AAA is to borrow in the fixed-credit market, BB is to  borrow in the floating-credit market, and they then swap their loans to meet their financing needs in order to make their assets and liabilities more matching in durations.
· A bank or security firm can aid these two firms by:

i. helping AAA issue $x long-term bond at fixed 10%;

ii. helping BB issue $x short-term bill at floating prime of 10%;

iii. since the initial amounts are the same amount and currency, hence there is no need to swap initial principals as in the case for currency swap;

iv. having BB pay AAA the bond fixed interest of 10% , and;

v. having AAA pay BB interest of (prime – ¼ )%

Graphically,
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· AAA’s net interest = –10% + 10% – (prime – ¼)% = –(prime –  ¼)% vs  –(prime) if AAA were to enter floating market directly. AAA saves 25 bp.

· BB’s net interest = +(prime – ½) – 10%  – (prime + ½) = –10½ % vs. –11% if BB were to enter fixed credit market directly. BB saves 25 bp.
· AAA is said to be in short position for it pays floating rate to a swap partner and receives a fixed rate in return.  AAA is called a swap seller.

· BB is said to be in a long position for its pays fixed rate to a swap partner and receives a floating interest rate in return.  BB is called a swap buyer.

Homework: Firm A can borrow in the bond market at a fixed rate of 9% while Firm B can borrow in the same market at 10.5%. In the money market, Firm A can borrow in the commercial paper market at 6-mth (LIBOR+0) while Firm B can borrow in the market at 6-mth (LIBOR + 50 bp). Each firm needs to borrow $100m at t=0. Create an interest rate swap to benefit both firms. Each has equal bargaining powers such that they have to share the gains equally. What are their respective net interest payments? How many bp does each firm save?
[Ans.: A = –(LIBOR – 0.5); B = –10%; each saves 50 bp]

Introduction to futures

Wheat futures contract quotation (excerpted from p. B8, The Wall Street Journal, 11/01/2002).

WHEAT (CBT) 5,000 bushels, cents per bushel

	
	
	
	
	
	
	Lifetime
	Open interest

	Mth
	Open
	High
	Low
	Settle
	Change
	High
	Low
	

	Dec
	407
	409.75
	401.50
	402.25
	-4.50
	440.00
	283.50
	64,114


Example: On one hand, a wheat farmer figures that at 402.25 cents/bushel, he can make a decent living.  However, any price decline in the future will put him out of the farming business.  On the other hand, a flourmill’s owner figures that at 402.25 cents/bushel, she can make a decent profit.  However, any price rise in the future will hurt her business significantly.

· To protect themselves against adverse price movements, the farmer and the miller can enter into a futures contract where the farmer will deliver x bushels of wheat to the miller sometime in the future at a price agreed upon today.  Let’s say the delivery price is 402.25¢/bushel with delivery on Dec 28.

· The payoff profile for the farmer and that for the miller are as follows:



· If wheat price rises above 402.25¢, miller gains in the futures contract as she had locked into buying wheat at 402.25¢.  She loses if wheat price drops below 402.25¢.

· If wheat price drops below 402.25¢, farmer gains in the futures contract as he had locked into selling wheat at 402.25¢.  He loses if wheat price rises above 402.25¢.

· Note that farmer’s gain is exactly miller’s loss, or vice versa.  Hence, futures transactions are zero-sum games.

· In this example, both farmer and miller are hedgers as they both have physical possession or physical use for wheat.

· However, traders in the futures markets are oftentimes speculators who have neither physical possession nor physical use of the underlying asset.

· Strictly speaking, the above example illustrates the use of a forward contract since once the farmer and miller entered into the contractual agreement, neither party does anything until delivery day.

· A futures contract differs from a forward contract in one major aspect called marking-to-the-market.

· In marking-to-the-market, the margin accounts of both traders are “marked” to the market price on every business day in which the actual margin has to be maintained at or above the maintenance margin.

· Conceptually, a futures contract is indeed an inter-temporal concatenation of a series of forward contracts with 1-day maturity each.
Concepts on basis, contango, normal backwardation, expectation hypothesis

Basis  (current) spot price – futures price






Classification of futures




    Futures


Financial futures
Commodity futures
a. Interest rate futures
wheat, soy-beans, hog,

b. Currency futures
orange juice, etc.

c. Stock or equity index futures
Currency futures 

· Foreign currency futures contracts are obligations (vis-à-vis right for options) for specific quantities of given currency with forex rate set at inception of contract, and delivery date set by the BODs of Intl Monetary Market, IMM, a division of Chicago Mercantile Exchange, CME. 

· As of May 2006, currency futures contracts are available for Australian dollar, Brazilian real, British pound, Canadian dollar, Czech koruna, euro, Hungarian florint, Japanese yen, Mexican peso, NZ dollar, Norwegian krone, Polish zloty, Russian ruble, S. African rand, Swedish krona, and Swiss franc. 

· The major exchange of currency futures, the CME, constantly adds and deletes contracts. 

· The CME recently added cross-rate contracts such as €/¥, A$/SF. 

· The # of contracts outstanding at any time is called the open interest. 

· Each currency future contract has standardized contract size in foreign currency, e.g., £62,500, C$100,000, €125,000, ¥12.5m, A$100,000, SF125,000. 

· Leverage is high while margin requirements average <2% of contract value. 

Contract specs for foreign currency futures 

	
	A$
	₤
	C$
	€
	¥
	peso
	SF

	Contract size 
	100k 
	62.5k 
	100k 
	125k 
	12.5m 
	0.5m 
	125k 

	Symbol 
	AD 
	BP 
	CD 
	EC 
	JY 
	MP 
	SF 

	Initial margin, $ 
	1553 
	1620 
	1215 
	2565 
	2160 
	1875 
	1890 

	Maintenance Margin,$ 
	1150 
	1200 
	900 
	1900 
	1600 
	1500 
	1400 

	Minimum price Δ, $ 
	.0001 
	.0002 
	.0001 
	.0001 
	10-6
	.000025 
	.0001 

	Value of 1 point, $ 
	10.00 
	12.50 
	10.00 
	12.50 
	12.50 
	5.00 
	12.50 

	Months mature
	March, June, Sept, December 

	Trading hrs. 
	7:20 a.m. thru 2:00 p.m. CT 

	Last day of trading 
	2nd business day that precedes 3rd Wed. of delivery month 


Source: www.cme.com
• Each contract has minimum price movements which translate into $10 - $12 per contract. 

• Most exchanges set daily price limits on their contracts that restrict maximum daily price Δ. 

• When maximum price Δ limits are reached, additional margin requirements are imposed and trading may also be halted for a short time. 

• Instead of using bid-asked spread in the currency spot markets, currency futures traders charge commission. 

• A roundtrip commission can be as little as $15 per contract, or less than 0.02% of the value of ¥ contract. 

• Other than speculators, importers, exporters, firms with foreign currency assets and liabilities, and bankers participate in currency future markets. 

• CME is the dominant exchange for currency futures. Other exchanges in currency futures include LIFFE, CBOT, NYMEX, PHLX, SIMEX, DTB (Deutsche Termin Borse), HKFE (Hong Kong Futures Exchange), and TIFFE (Tokyo Intl Financial Futures Exchange.) 

• A notable feature of the CME and other futures markets is that deals are struck face-to-face on a trading floor rather than over the telephone. 

• Volume in the futures market is still small compared with that in the forward market 

Comparisons between futures and forward contracts 

	Features 
	Forwards 
	Futures 

	Trading 
	By phone or telex 
	Competitive arenas/pits 

	Quotes (currency contracts) 
	Quoted in European style 
	Quoted in American style 

	Size 
	Customized; ≥ $5 m 
	Standardized; $50k – 100k 

	Maturity 
	Customized; 1 week – 10 years 
	Standardized; typically 4 settlement dates per year. 

	Settlement 
	Actual delivery or settled in cash. 
	Mostly cash-settled. 

	Regulation 
	Self-regulating (apart from prudential supervision by banks.) 
	Regulated by CFTC and the exchanges. 

	Cost 
	No fees; spread. 
	No spread; fees only. 

	Credit risk 
	Can be substantial; requires line of credit. 
	Eliminated by marking to the market daily. 


• Old versus new monikers: 

	New 
	Old 

	Margin requirement 
	Performance bond 

	Initial performance bond 
	Initial margin 

	Maintenance performance bond 
	Maintenance margin 

	Performance bond call 
	Margin call 


• A major difference between futures and forward contracts is that futures contracts require daily marking-to-market while forward contract need not. 

An example of daily marking-to-market with a futures contract 

	Time 
	Action 
	Cash flow 

	Tuesday a.m. 
	She buys SF futures contract that matures in 2 days, price $0.75 
	She deposits initial margin for SF of $1890. 

	Tuesday close 
	Futures contract rises to $.755. Position is marked to market 
	She gets = 125k(0.755 - 0.75) = $625 

	Wed close 
	Futures contract drops to $.743. Position is marked to market 
	She pays = 125k(.755 - .743) = $1,500 

	Thurs close 
	Futures contract drops to $.74. 

(1) contract is marked to market, and; (2) she takes delivery of SF125k 
	(1) she pays =125k(.743 - .74) = $375 

(2) She pays = 125k(.74) = $92.5k 

Her net loss on futures contract = $1,250. 


• At the Tuesday close price of 0.755 $/SF, 3 things take place: (i) she receives a cash profit of $625; (ii) existing futures contract with a price of 0.75 $/SF is now cancelled, and; (iii) she gets a new futures contract with the prevailing price of 0.755 $/SF.

• Thus, via daily settlement or marking-to-market, the value of futures contract is reset to zero at the end of each trading day. 

• At the Wednesday close of 0.743 $/SF, she has to pay $1500 as loss to the counterparty. 

• By Wed close, she has hit the margin call. Her account balance is now at 1890 + 625 – 1500 = $1,015 which is less than the $1,400 maintenance margin for SF contract. So, she has to inject $875 to mark her account back to the initial margin requirement of $1,890 for SF contract. Short of doing so, her account will be liquidated involuntarily by the CME, and/or face default charges. 

• The above example illustrates the currency futures investor taking delivery of SF. 

• Futures contracts can also be closed out with an offsetting trade. For example, the investor in our example can simply initiate, on Tuesday close, a sell futures contract that will mature on Thursday. Then, her buy contract exactly offsets her sell futures contract, and she takes herself entire out of the futures market by Tuesday close. 

• Offsetting trade is oftentimes more favorable than taking delivery for commission in futures trade are all roundtrip commission, and delivery entail costly transaction costs. 

Another example: On Monday morning, you sell one CME yen futures contract of size ¥12½ million at 0.009433 $/¥. Given the initial and maintenance margins are $2160 and $1600 respectively, and suppose the settlement price for Monday through Thursday are 0.009542 $/¥, 0.009581 $/¥, 0.009375 $/¥, and 0.009369$/¥ respectively. Calculate the daily cash flows on your account. Depict any margin calls on your account. What is your cash balance with your broker as of the close of business on Friday? Assume back-end roundtrip commission of $27. 

	Time 
	Action 
	Cash flow on contract 

	Monday morning 
	Sell one yen futures contract; price = .009433 $/¥ 
	Tenders $2,160 initial margin. 

	Monday close 
	Futures price rises to .009542 $/¥. Contract marked to market 
	You lose 12.5m(.009433 - .009542) = -1,362.50 

Acct bal. = $797.50, < $1,600 

Replenish $1,362.50 to $2160 

	Tuesday close 
	Futures prices rises to .009581 $/¥. Contract marked to market. 
	You lose 12.5m(.009542 - .009581) = -487.50 

Acct bal. = 1,672.5 

No margin call, no replenishment needed 

	Wed close 
	Futures price falls to .009375 $/¥. Contract marked to market. 
	You gain 12.5m(.009581 - .009375) = 2,575.00 

Acct bal. = 1672.50 + 2575 = $4,247.50 

No margin call, can withdraw $2,087.50 

	Thurs close 
	Futures price falls to .009369 $/¥. Contract marked to market 
	You gain = 12.5m(.009375 - .009369) = 75 

Acct bal. = 4247.50 + 75 = 4322.50 

No margin call; can withdraw 2162.50 

	Friday 
	You close your acct during trading day at .009394 $/¥. 
	You lose 12.5m(.009369 - .009394) = - 312.50 

Pay commission of – 27.00 

Acct bal. = 4322.50 – 312.50 – 27 = $3,983. 

	
	
	Net gain = 3983 – 2160 – 1362.50 = $460.50


· 12.5m(–.009394 + .009433) = 487.50 ( – indicates cash outflow when buying at the end, and + indicates cash inflow when selling at the start) 

· $487.50 – $27 commission = $460.50

· This means you, as a hedger, had bought the peace of mind to sleep well at nights from Monday thru Thursday for a little price of $27.00, plus the interest cost of initial and replenished margins for the few days. Else, you wouldn’t have the peace of mind on what exchange rate you’d experience when the ¥12½m becomes available for you on Friday for conversion into $. The futures contracts allowed you to lock-in at the exchange rate of 0.009433 ¥/$.

· ¥12.5m * 0.009433 $/¥ = $117,912.50 vs. ¥12.5m * 0.009394 $/¥ = $117,425.00
· The “loss” would have been $487.50 had you not hedged. With futures hedging, you got rid of the loss. Of course, you paid a little price in doing so by paying for the futures’ commission.

Options

Option ( the right (not obligation) to buy or sell an underlying asset.

Call ( the right to buy the underlying asset on or before expiration.

Put (
the right to sell the underlying asset on or before expiration.

Exercise, aka strike, price ( the price at which the option is exercised (not traded).

Expiration, aka maturity ( the last day when the option can be exercised.

For brokers: @10:59 p.m. CT on the Saturday following the 3rd Friday of expiration month

For investors: @4:30 p.m. CT on 3rd Friday of the expiration month.

European option ( option that can be exercised only on expiration day.

American option ( option that can be exercised on or before expiration day.

The adjective "European" and "American" have no geographical implication, i.e., there are American options traded in Europe, and there are European options traded in America.

For option trading, the following sets of verbs are synonymous:

buy ( long ( hold

sell ( short ( write ≡ grant
Terminal or expiration payoff profiles:

	PRIVATE 

hold call


c = max(0,S-E)
	
hold put


p = max(0,E-S)

	
write call


c = -max(0,S-E)
	
write put


p = -max(0,E-S)


Terminal or expiration profit profiles:

	PRIVATE 

hold call


( = max(0,S-E) - c


	
hold put


( = max(0,E-S) - p

	
write call


( = -max(0,S-E) + c
	
write put


( = -max(0,E-S) + p




Option quotations for IBM options (excepted from The Wall Street Journal, Nov 1, 2002, p. C11)
	
	
	
	Call
	Put

	Options
	Strike
	Exp.
	Vol.
	Last
	Vol.
	Last

	IBM
	55
	 Nov
	9
	24.70
	1084
	0.05

	78.94
	60
	Jan
	24
	19.70
	1666
	1

	78.94
	65
	Dec
	5
	15.20
	2497
	0.95

	78.94
	70
	Nov
	615
	9
	2261
	0.55

	:
	:
	:
	:
	:
	:
	:

	78.94
	90
	Apr
	1073
	3.60
	…
	…


One option contract allows the exercise of 100 underlying shares.

Call price, aka call premium 


= intrinsic or theoretical value + time premium, i.e.,


= max(0, S-E) + time premium

Example01: Find the option premium/price of one Nov 55 put contract.

Price = $.05 * 100 = $5.00

Example02: Find the intrinsic value for the Jan 60 call.

 Intrinsic value for call =max(0, 78.94 – 60) = $18.94.

Example03: Find the time premium for the Jan 60 call.

19.70 = 18.94 + TP, and so TP = 19.70 – 18.94 = .76.

Example04: Find the time premium of the Nov 70 put.

0.55 = max (0, 70 – 78.94) + TP, and so TP = 0.55.

Example05: At what maturity stock price will the holder of the Nov 55 call breakeven?  Answer: $79.70 (= 55 + 24.70)

Example06: At what maturity stock price will the holder of the Nov 70 put breakeven? Answer: $69.45 (= 70 – 0.55)

Pricing a call before it matures

call price, c, in $






Underlying stk price, S, in $

	PRIVATE 
Possible states
	
call option
	
put option

	out-of-the-money
	
S < E
	
S > E

	at-the-money
	
S = E
	
S = E

	in-the-money
	
S > E
	
S < E


Determinants of option prices:

c = f(S, E, T, rf, ()

p = g(S, E, T, rf, ()

+ and - signs denote expected change in the option's price when the determinant is increased while holding all the other determinants constant, a process called comparative statics.

S = current stk price in $

E = strike or exercise price in $

T = reminding time, in years, until maturity of option

rf = continuously-compounded risk-free annual interest rate in decimal form

( =
std dev (aka volatility) of the continuously compounded annualized rates of return of the underlying asset

Black-Scholes Option Pricing Model (JPE, 1973)

	PRIVATE 


	



or more succinctly, c = SN(d1) - Ee-rTN(d2), where N(di) = cumulative probability distribution of variable di.

Also, d2 = d1 - ((T

In the Black-Scholes option pricing model, the delta hedge ratio equals N(d1).  An option investor can be viewed as a leveraged investor.  S/He borrows an amount equals to the present value of E and an interest rate rf.

Intuitively, N(d1) and N(d2) can be viewed as explicity "probability factors" since the call payoff at maturity is simply max(0,S-E).

Option value = (option delta)(stk price) - (loan adjusted)

For an Black-Scholes option calculator, go to: www.numa.com 

Assumptions underlie the derivation of the Black-Scholes OPM:

1.
It is a European call option

2.
No transaction costs; costless info; stks and options are infinitely divisible.

3.
No imperfections exists in writing an option or selling a stk short.

4.
rf is constant, and investors can borrow and lend unlimitedly at rf.

5.
The underlying stk pay no cash dividends.

6.
Stk prices follow continuous random walk.

7.
The probability distribution of stk returns over an instant of time is normal.

8.
( is constant throughout the option life, and it is known to all mkt participants.

Binomial option pricing model (1-period)
S0=$50
? = co
u  1 + ((S)/S0 = 1 + 10/50 = 1.2

d  1 - ((S)/S0 = 1 - 5/50 = .9

Create a hedged portfolio by writing one call and buying  shares of stk.

	PRIVATE 

	
	
Terminal cash flows

	Transactions
	
Initial cash flows
	
Su=$60
	
Sd=$45

	Write 1 call
	
c0
	
-10
	
0

	Buy  shares
	
-50
	
60
	
45


-10 + 60 = 0 + 45 The equality is as a result of the hedged portfolio, i.e., the portfolio's terminal value is regardless of the state of the world.

15 = 10, or simply  = 2/3.

 is called the option's delta hedge ratio.  It means that for 1 call contract (recall one contract requires the transaction of 100 shares) written, buy 67 shares of the underlying stk.

In general,

  = (cu - cd)/(Su - Sd)
= (option price spread)/(stock price spread)

What is c0?
-[Initial cash flow](1+rf) = terminal cash flow, the minus sign is added since initial CF is negative

-(c0 - 50)(1+rf) = -10 + 60
-(c0 - 50()(1+.08) = -10 + 60(()

36 - 1.08c0 = 30

c0 = 6/1.08 = $5.56

In general,

 Rc0 = pcu + (1-p)cd
 where R = 1 + rf and p = (R-d)/(u-d)

Check:

p = (1.08 - .90)/(1.20 - .90) = .18/.3 = .6

1.08c0 = .6(10) + (1-.6)(0)

c0 = 6/1.08 = $5.56

Example: You are the financial manager of ImClone System Inc.  You are concerned by the uncertainty of the outcome of the market testing of a newly developed product.  You have 20,000 shares of treasury stock whose market value you would like to maintain at its current level.  One share of ImClone common stock currently sells for $20, and there is equal probability that it will rise to $25 or drop to $15 upon resolution of the uncertainty.  Design a strategy using $20 strike price options to maintain the value of the treasury stk.  Assume a risk-free return rate of 10%.  (Hint: first, figure out the delta hedge ratio and the current call price, then discuss what transactions to make today as well as upon resolution of the market testing uncertainty).


$20=S0 




?=c0 


20u = 25 ( u = 25/20 = 1.25

20d = 15 ( d = 15/20 = .75

Delta hedge ratio, ( = (cu - cd)/(su - sd) = (5-0)/(25-15) = ½.  That is:

Write two calls for 1 share of stk.

Hence, for 20k shares of stk, write 40k calls, or 400 call contracts.

By conservation of cash flow, i.e.,

-(cash outflow)(1+rf) = cash inflow

-(c0 - 20(())(1+.1) = 25( - 5

Substitute ( = ½, we get:

1.1(10) - 1.1c0 = 12½ - 5 = 5.5

11 - 7.5 = 1.1c0
c0 = 3.5/1.1 = 3.1818…..

Write 400 call contracts and receive $318.18*400 = $127,272.73 today.

State 1: su = $25
Value of treasury stk
$25*20,000 = .5m

Future value of $127,272.73 at 10%
.14m

Loss in call contracts written
-$500*400= -.2m
Net cash flow
$.44m
State 2: sd = $15
Value of treasury stk
$15*20,000 = .3m

Future value of $127,727.73 at 10%
.14 m

Loss in call contracts written
0
Net cash flow
$.44m
Current value of treasury stk = $20*20,000 = $.4m.  With the hedge, we have successfully prevented it from declining in value to $15*20,000 = $.3m.  We have also locked in to a 10% return.  That is:

rate of return = (.44m - .4m)/(.4m) = 10%.  Q.E.D. (quad erat demonstratum)
Binomial option pricing model (2-period)

Given rf = 5% per six-month period, and strike = 110, and S0 = 100, Su = 110, Sd = 95, Suu = 121, Sud = Sdu = 104.50, Sdd = 90.25.  Find C0.
S0=100





?=C0 
(1u = (Cuu – Cud) /(Suu – Sud) = 11/16.5 = 2/3
	Transaction
	CF1
	CF2

	
	
	Suu = 121.00
	Sud=Sdu= 104.50

	Buy 2 shares
	–220 
	242
	209

	Write 3 calls
	3Cu
	–33 
	0

	
	–220+3Cu
	209
	209


So, –( –220 + 3Cu) = 209/1.05, Cu = (1/3)[220 – 209/1.05] = $6.984
From the picture, we know that Cd = 0 since Cud = Cdd = 0.

(0 = (6.984 – 0)/(15 – 0) = .4656
So, buy .4656 share and write 1 call.

	Transaction
	CF0
	CF1

	
	
	Su = 110
	Sd=95

	Buy .4656 share
	–46.56
	51.216
	44.232

	Write 1 call
	C0
	–6.984
	0

	
	–46.56+C0
	44.232
	44.232


–(–46.56 + C0) = 44.232/1.05
46.56 – C0 = 44.232/1.05

C0 = 46.56 – 44.232/1.05 = $4.4343

Put-call parity (
a parity condition in which once the call (or put) price of the same underlying stk and same exercise price have been determined, the put (or call) price can be inferred by the no-arbitrage condition.

	PRIVATE 

Initial Transactions
	
Initial


cash


flows
	
Terminal cash flows

	
	
	
S ≤ E
	
S > E

	Buy 1 put
	
-p
	
+(E - S)
	
0

	Buy 1 share of stk
	
-S0
	
+S
	
+S

	Sell 1 call
	
+c
	
0
	
-(S-E)

	
Total CF
	
-p-S0+c
	
E
	
E


Since the initial CFs are outflows, and the terminal CFs are inflows, we have to add a minus sign to initial CFs before we equate initial CFs to terminal CFs.  Also, E is coming in one period later compared to (-p-S0+c) which are paid today.  Thus, we have to discount E to the present.  Hence, we have

-(-p-S0+c) = E/(1 + rf)

or simply

p + S0 = c + E/(1+rf)

This is the put-call parity equation.  Oftentimes, the discrete discounting is replaced by continuous discounting in which case the equation becomes:
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Example: The total market value of a company is $90m, the value of the option to default (put) is $21m.  If the face value of zero coupon debt is $110m, and the risk-free interest rate is 8% per annum, find:  (a) the market value of equity, and; (b) the spread between the risky bond’s rate and the risk-free rate.
Solutions:

Invoke the put-call parity condition, and applying the analogy that “market value of equity” corresponds to “call price”, we have

(a)
p + S = c + Ee-rfT

21 + 90 = c + 110*e-0.08*1
c = $9.457m
(b)
Market value, MV = equity value + bond value
90m = 9.457m + B

B = $80.543m
So, 110m = 80.543m*e(r*1), [recall FT = P*erT in compounding-discounting arithmetic?]
Solving for r, we get r = ln (110/80.543) = 31.17%

Hence, spread = 31.17 – 8 = 23.17%
Food for thought: why we did use risk-free rate in part (a) but find risky rate in part (b)?
�EMBED Equation.3���





Contango





Normal backwardation





Delivery day





Inception





Pays floating (prime – ¼ )%





BB


(swap buyer)





AAA


(swap seller)





Pays fixed 10%





Borrows short-term at (prime + ½ ) %





Borrows long-term at 10%











Cd = max(0, 15-20) = 0





Cu = max(0, 25-20) = 5





$15





$25
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