FINAL 2010

34 points total
Part 1: Multiple choice (1 point each), true/false (0.5 points each) and short questions (1 point each): only the final answers will be graded. 14 points total
1) Selling a call option gives you a payoff of 
a) max (X-ST, 0)

b) max (ST-X, 0)

c) min (X-ST, 0)

d) min (ST-X, 0)
e) max (X,ST)
2) Suppose that you enter into a short futures contract to sell July silver for $10.20 per ounce on the New York Commodity Exchange. The size of the contract is 5,000 ounces. The initial margin is $4,000, and the maintenance margin is $3,000. From the list below, what is the minimum change in the futures price that will lead to a margin call?

a) There will be a margin call when the price of silver decreases by $0.21

b) There will be a margin call when the price of silver decreases by $0.26

c) There will be a margin call when the price of silver increases by $0.21

d) There will be a margin call when the price of silver increases by $0.26

e) There will be a margin call when the price of silver decreases by $0.34

3) On July 1, 2010, a Japanese company enters into a forward contract to buy $1 million on January 1, 2011.  On September 1, 2010, it enters into a forward contract to sell $1 million on January 1, 2011. Describe the profit or loss the company will make in yen as a function of the forward exchange rates on July 1, 2010 and September 1, 2010 (F1 and F2 are forward exchange rates for the contracts entered into July 1, 2010 and September 1, 2010, and S is the spot rate on January 1, 2011. All exchange rates are measured as yen per dollar). 

a) The total payoff is (F1-S)+(F2-S) million yen

b) The total payoff is (F1-F2) million dollars

c) The total payoff is (F1-F2) million yen

d) The total payoff is (S-F1)+ (S-F2) million dollars

e) The total payoff is (S-F1)+(F2-S) million yen

4) A trader writes a December put option with a strike price of $30. The price of the option is $4. Under what circumstances does the trader make a gain?

a) If the price of the stock is below $26 in December

b) If the price of the stock is below $30 in December

c) If the price of the stock is above $30 in December 

d) If the price of the stock is above $26 in December
e) If the price of the stock is below $34 in December
5) Identify whether the following statements are True or False:

___F___ The open interest of a futures contract is the number of contracts traded during certain period.

___F (limit order)__A stop order to sell at $2 is an order to sell at a price of $2 or more.

____F(may also stay the same)___When a single futures contract is traded on the floor of the exchange, open interest may only increase or decrease by one.
____T ( buy asset, sell forward contract, deliver)____If futures price of a commodity during the delivery period is greater than the spot price then there is an arbitrage opportunity.
__T__ Speculators are important market participants because they add liquidity to the market.

___F_( a perfect hedge totally neutralizes the company’s gain from favorable price movements)__A perfect hedge always lead to a better outcome than an imperfect hedge.

___T__ If the company’s competitors are not hedging, the treasurer of the company might feel that the company will experience less risk if it does not hedge.

___F____If the optimal minimum-variance hedge ratio is calculated as 1.0, the hedge must be perfect

6) A trader enters into a short cotton futures contract when the futures price is 50 cents per pound. The contract is for delivery of 50,000 pounds. How much does the trader gain or lose if the cotton price at the end of the contract is 

a) 48.20 cents per pound

b) 51.30 cents per pound

Solution:
a) Gain/ loss of ___($0.5000-$0.4820)×50,000=$900_________

b) Gain/ loss of ___($0.5130-$0.5000)×50,000=$650_________
7) You would like to speculate on a rise in the price of a certain stock. The current stock price is $29, and a three-month call with a strike of $30 costs $2.90. You have $5,800 to invest. 
a) Identify two alternative strategies, one involving an investment in the stock and the other involving investment in the option. 
b) What are the gains and losses from each if the share price goes up to $40? 

c) What are the gains and losses from each if the share price goes down to $25? 
Solution:

a) One strategy would be to buy/sell _200_______shares

Another strategy would be to buy/sell _2,000__________options.

b) If the share price goes up to $40 the first strategy leads to a gain/ loss of _______200×($40-$29)=$2,200_____; the second strategy leads to a gain/ loss of ____2,000×($40-$30)-$5,800=$14,200_____.

c) If the share price goes down to $25 the first strategy leads to a gain/ loss of _______200×($29-$25)=$800_____; the second strategy leads to a gain/ loss of ____$5,800____.
8) A cattle farmer expects to have 120,000 pounds of live cattle to sell in three months. The live-cattle futures contract on the Chicago Mercantile Exchange is for the delivery of 40,000 pounds of cattle. How can the farmer use the contract for hedging?
Answer: the farmer can long/ short __3_____contracts with maturity T= ___3months___

9) A company has a $20 million portfolio with a beta of 1.2. It would like to use futures contracts on the S&P 500 to hedge its risk. The index futures is currently standing at 1080, and each contract is for delivery of $250 times the index.

a) What is the hedge that minimizes risk? 

b) What should the company do if it wants to reduce the beta of the portfolio to 0.6?

Solution:

a) The company should long / short __(how many?)_1.2*20,000,000/(1080*250)=88.9_____contracts.

b) To reduce beta to 0.6 the company should  long / short __(how many?)__half =44____contracts.

10) A bank quotes you an interest rate of 14% per annum with quarterly compounding. What is the equivalent rate with

a) continuous compounding

b) annual compounding?

Solution:

a) The rate with continuous compounding is 4ln(1+0.14/4)=0.1376 or 13.76% per annum.

b) The rate with annual compounding is (1+0.14/4)^4-1=0.1475 or 14.75% per annum.

11) A portfolio is currently worth $5 million and has a beta of 0.5. An index is currently standing at 800. You do not want the value of your portfolio to go below $4,500,000. To hedge your risks, you should buy/sell _3125________put options (each option is for $1 time the index) with strike price X=_640________.

Part 2: Problems. You must show your work to receive credit. 20 points total
Problem 1 (2 points): Suppose that zero interest rates with continuous compounding are as follows:
	Maturity (years)
	Rate (% per annum)

	1
	2.0

	2
	3.0

	3
	3.7

	4
	4.2

	5
	4.5


a) (1 point) Calculate forward interest rates for the second, third, fourth, and fifth years.
b) (1 point) Find the value of an FRA where you pay 5% for the third year on $1 million.

Solution: 

a)

	Year 2
	4.0%

	Year 3
	5.1%

	Year 4
	5.7%

	Year 5
	5.7%


b)

The forward rate is 5.1% with continuous compounding or exp(0.051×1)-1=5.232% with annual compounding. The 3-year interest rate is 3.7% with continuous compounding. The value of the FRA is therefore:

(1,000,000×(0.05232-0.05) ×1)exp(-0.037×3)=2,078.85

Problem 2 (2 points):  A stock index currently stands at 400. The risk-free interest rate is 10% per annum (with continuous compounding) and the dividend yield on the index is 4% per annum.

a) (1 point) What should the futures price for a four-month contract be?
b) (1 point) If the futures price for a contract deliverable in four months is 405, what arbitrage opportunities does this create?
Solution: 

The futures price is 400×exp((0.10-0.04) ×0.3333)=$408.08
The actual futures price is only $405. This shows that the index futures price is too low relative to the index. The correct arbitrage strategy is:

1. Buy futures contracts
2. Short the shares underlying the index
3. Invest proceeds at risk-free interest rate
Problem 3 (2.5 points): Your farm expects to produce 600 tons of organic potatoes next summer. You would like to hedge the risk of uncertain wholesale prices on organic potatoes next summer, but, unfortunately, futures contracts available only on regular (not organic) potatoes. The standard deviation of the price (per ton) of organic potatoes is $75; the standard deviation of futures price of regular potatoes is $100, and the correlation between these two prices is 0.8. To answer this question, you may want to use the following formulas:
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1) (1 point) How you should hedge your risk? Please, specify whether you will need to buy or sell futures contracts and specify the number of contracts (assume the contract is for 1 ton of regular potatoes).

Sell 0.8*600*75/100=360 contracts

2) (0.5 points) What is the standard deviation of your future revenue without hedge?
s.d.=600*75=$45,000

3) (1 point) What is the standard deviation of your future revenue with hedge?
s.d.(600x-360y)=

sqrt(600*600*75*75+360*360*100*100-2*0.8*600*360*75*100)=

=sqrt(729,000,000)=$27,000
Problem 4 (1 point): Company X wishes to borrow U.S. dollars at a fixed rate of interest. Company Y wishes to borrow Japanese yen at fixed rate of interest. The amounts required by the two companies are roughly the same at the current exchange rate. The companies have been quoted the following interest rates:
	
	Yen 
	Dollars

	Company X
	5.0%
	9.6%

	Company Y
	6.5%
	10%


Design a swap that will net a bank, acting as intermediary, 0.5% per annum. Make the swap equally attractive to the two companies and ensure that all foreign exchange risk is assumed by the bank (Note: identify if the borrowing is in yen or in dollars)
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                                     Dollars 9.3%                         Dollars 10%                     Dollar10%
Yen 5%                    

                                          Yen 5%                              Yen 6.2%
Problem 5 (2.5 points): Find the value of a swap in which you pay 8.25% per annum (compounded semiannually) and receive floating interest semiannually on a principal amount of $1,000,000. There are 15 month left till the end of the swap agreement. The next payment that you will receive (3 month from now) is equal to $44,000. Zero rates (continuously compounded) for 3 months, 9 months, and 15 months are 8.5%, 7.6%, and 7% respectively.

Solution:

We will use bond-valuation approach.

Floating rate payments: PV=1044000*exp(-0.085*3/12)=$1,022,049
Fixed rate payments:

PV=41250*exp(-0.085*3/12)+41250*exp(-0.076*9/12)+1041250*exp(-0.07*15/12)=$1,033,360
Thus, the value of your swap is $1,022,049-1,033,360=- $11,311
Problem 6 (1.5 points):  Ignoring time value of money, draw a graph that shows your total profit as a function of the stock price at maturity from a portfolio that consists of the following:

One long put option with a strike price of $20 (option’s value is $5)

One short put option with a strike price of $30 (option’s value is $11)

What is the name of this portfolio?

Answer: Bull spread

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Problem 7 (1.5 points):  Current stock price of BBB inc. is $100/share. Each year it can either increase or decrease by 12%. It pays dividends at continuously compounded annual rate of 3%. Risk-free interest rate is 7%. Find the price of a 1-year European call option with strike price of $90/share
Solution:

Risk-neutral probabilities: (112p+88(1-p))=100*exp(0.07-0.03).

p=(100*exp(0.04)-88)/24=0.67
Hence, c=(22*0.67+0*(1-0.67))*exp(-0.07)=14.74*0.9324=$13.74
Problem 8 (1.5 points):   Today 9-month futures price for CCC inc. stock is $100. Next month it can either go up by 8% or go down by 12%. Risk-free interest rate is 7%. Find the price of a 1-month call option on futures with a strike price of $81
Solution:

u=1.08

d=0.88

p=(1-0.88)(1.08-0.88)=0.6
Hence, c=((108-81)*0.6+(88-81)*0.4)*exp(-0.07*1/12)=19*0.942=$18.89
Problem 9 (2.5 points):  Current stock price of DDD inc. is $100/share. Each year it can either increase or decrease by 10%. It pays no dividends. Risk-free interest rate is 7%. If you know that a 1-year American put option with strike X costs more than the European put option with  the same strike and maturity, what can you say about the strike price X?

Solution:

p=(exp(0.07)-0.9)/0.2=0.86254

Note that for X>110 the option is always in the money and American option costs more (you can easily check it). For X<100 the option is out of the money at t=0, so, American and European costs the same. Hence, consider 100<X<110

The price of European option is: (x-90)*(1-p)*exp(-0.07)

Immediate exercise gives you: x-100.

Hence, American option costs more iff:

x-100>(x-90)*(1-p)*exp(-0.07),

or

x>(100-90*(1-p)*exp(-0.07))/(1-(1-p)*exp(0.07))=$101.47

Answer: X>$101.47

Problem 10 (3 points):   Current stock price of AAA inc. is $100/share. Each year it can either increase by 10% or decrease by 20%. Risk-free interest rate is 4%.

a) (2 points) Find the price of a 2-year European put option with strike price of $90/share

Solution:
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Risk-neutral probabilities: 
p=(exp(0.04)-0.8)/0.3=0.8027
Hence, P1,up=2*(1-0.8027)*exp(-0.04)=0.3791
P1,down=(2*0.8027+26*(1-0.8027))*exp(-0.04)=6.4710
P0=(0.3791*0.8027+6.4710*(1-0.0.6027))*exp(-0.04)=$1.519
b) (1 point) Find the price of a 2-year American put option with strike price of $90/share

P1,up=0.3791
P1,down=10
P0=(0.3791*0.8027+10*(1-0.0.6027))*exp(-0.04)=$2.188

� EMBED Equation.3  ���
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