TUTORIAL 1 to 11 exclude 7


TUTORIAL 1

Derivative Securities DS574

1. Problem 1.18 from Hull.

An airline executive has argued: "There is no point in our using oil futures. There is just as much chance that the price of oil in the future will be less than the futures price as there is that it will be greater than this price." Discuss the executive's viewpoint.
Answer:  please ensure that students recognise the difference between hedgers and speculators.  Hedgers should use derivatives precisely because the market direction is uncertain.  The airline is in the business of transporting passengers safely, efficiently, effectively, and more profitably than its competitors.  It should not be in the (non‑core) business of speculating on the price of oil.  Better to transfer that risk via a derivative to someone (a speculator) willing to accept the price risk.  This is how the speculator serves a useful function in making the market work for everyone’s benefit.

2. Describe why no‑arbitrage portfolios are important in derivative security pricing. 
 Answer:  no‑arbitrage portfolios allow us to simplify the valuation problem.  If we can construct a portfolio of assets which replicates the payoff of the derivative security, then we know from no‑arbitrage principles that the portfolio and the derivative must trade at the same price.  Given that we know the price dynamics of the assets in the portfolio (usually the underlying asset and cash borrowing / lending at the riskless rate), we can solve for the price of the derivative.  As a result, no‑arbitrage conditions are at the core of the relative pricing (partial equilibrium) approach underpinning derivative valuation.  Furthermore, combining the asset portfolio and the derivative security into a new portfolio, we can eliminate price risk, making us in effect indifferent to risk (risk neutral).  The no‑arbitrage principle is also self‑reinforcing because all participants, in their effort to earn riskless arbitrage profits, will effectively eliminate them.  This is about as close to a reliable law in finance as one gets.

3. Risk neutral valuation allows us to dispense with the risk preferences of investors when valuing derivative securities.  What type of underlying variable admits the use of the risk free return instead of expected returns in derivative pricing? 
 Answer:  traded securities.  Only traded securities can be included in the construction of a riskless hedge.  Traded securities are any asset that is held solely for investment purposes by a significant number of investors.  Eg. A share is a traded security, so we can use the risk free return instead of the expected return of the share, to price a derivative security based on the share.  We also use the riskless rate to discount the expected payoff from the derivative security.  In the lecture, I said that the AUD/USD spot exchange rate is NOT a traded security.  One cannot buy and hold 3 AUD/USD exchange rates.  However, one can buy an AUD discount bond with AUD, and sell a USD discount bond and receive USD.  In effect, this is how we obtain a forward (derivative) price.  We cannot use the risk free rate r, we must use a modified rate which includes the USD interest rate.

4Why is it useful to use the risk free return instead of the expected return for valuation purposes? 
 Answer:  the expected return is preference dependent, and unknown.  We must use a model (CAPM) to quantify the risk premium a rational (utility theory), risk averse (portfolio theory) investor needs to hold the asset.  It is easier to say that the expected return on the underlying (traded) security is the risk free rate (which we know), and the derivative security’s expected payoff will be discounted to the present at the risk free rate to obtain the price.  While both methods can be used to obtain the correct answer, one is much easier than the other.
Tutorial 2 DS574

All problems are from Hull.

1.
2.16

On July 1, 2004, a US company enters into a forward contract to buy 10 million British Pounds on January 1, 2005. On September 1, 2004, it enters into a forward contract to sell 10 million British pounds on January 1, 2005. Describe the profit and loss the company will make in dollars as a function of the forward exchange rates on July 1, 2004, and September 1, 2004.
ANS.:

Suppose F1 and F2 are the forward exchange rates for the contracts entered into July 1, 2004, and S is the spot rate on January 1,2005. (all exchange rates are measured as dollars per pound). The payoff from the first contracts is 10(S-F1) million dollars and the payoff from the second contract is 10(F2-S) million dollars. The total payoff is therefore 10(S-F1)+10(F2-S)=10(F2-F1)million dollars.

2.
2.19
“Speculation in futures markets is pure gambling. It is not in the public interest to allow speculators to trade on a futures exchange.” Discuss this viewpoint.
ANS.
Speculators are important market participants because they add liquidity to the market. However, contracts must have some useful economic purpose. Regulators generally only approve contracts when they are likely to be of interest to hedgers as well as speculators.

3.
5.9
A one-year long forward contract on a non-dividend paying stock is entered into when the stock price is $40 and the risk-free rate of interest is 10% per annum with continuous compounding.

a. What are the forward price and the initial value of the forward-contract

b. Six months later, the price of the stock is $45 and the risk-free interest rate is still 10%. What are the forward price and the value of the forward contract?

ANS.
a. The forward time at time zero is  F0 = 40 x eX(0.1x1) = 44.21
The initial value of the forward contract is zero.

b. Forward price at Six months time = 45 x eX(0.1x0.5) = 47.31

The value of the contract  
= 45 – 44.21 x eX(-0.1x0.5)




=  2.95
4.
5.12 (correct version)

Suppose that the risk-free interest rate is 10% per annum with continuous compounding and the dividend yield on a stock index is 4% per annum. The index is standing at 400, and the futures price for a contract deliverable in four months is 405. What arbitrage opportunities does this create?


Ans.: The theoretical future price is 


400 * exp[(0.1 – 0.04)*(4/12)] = 408.08
(S x ex[(risk free – dividend yield)*Time] )

Market Future price = 405 < 408.08 ( market price is underpriced

The arbitrage strategy is :

1. buy futures in market at 405

2. Short the shares underlying the index.
At time 0:


Buy futures at 405


Short stock at 400


Deposit cash for 4M at effective rate (10% - 4%)

At 4 months :


Receive P+I for deposit = 408.08


Use proceed to buy stock at 405 (futures price) and use stock to


Settle short position


Futures position settled with the stocks

Arbitrage profit = 408.08 – 405 = 3.08
5.
5.14

The two-month interest rates in Switzerland and the United States are 3% and 8% per annum, respectively, with continuous compounding. The spot price of the Swiss franc is  $0.6500. The futures price for a contract deliverable in two months is $0.6600. What arbitrage opportunities does this create?








CHF :

1 * exp( 0.03 * 2/12 ) = 1.005012


USD :

0.65 * exp(0.08 * 2/12) = 0.6587247
Theoretical futures price = 0.6554396 < 0.66 ( Market price)


( market is over priced (future price of CHF is over priced)


Arbitrage strategy :











1. Sell futures at market price 0.66

2. borrow USD, convert to CHF

3. deposit CHF at 3% for 2M

4. at maturity, receive CHF P+I, use future rate (0.66) to convert to USD

5. use this USD proceed (should be more than needed )  to repay USD loan

6. remaining cash in USD is the arbitrage profit.
6. 3.2 
Explain what is meant by basis risk when futures contracts are used for hedging.

Ans.: Basis risk arises from the hedger’s uncertainty as to the difference between the spot price and future price at the expiration of the hedge.

7.
3.7 

A company has a $20 million portfolio with a beta 1.2. It would like to use futures contracts on the S&P 500 to hedge its risk. The index is currently standing at 1080, and each contracts is for delivery of $250 times the index. What is the hedge that minimizes risk? What should the company do if it wants to reduce the beta of the portfolio to 0.6?

Ans.: The formula for the number of contracts that should be shorted gives

1.2x20,000,000/(1080x250)=88.9

(0.6-1.2)x20,000,000/1080x250=-44.4 contracts

Rounding to the nearest whole number, 89 contracts should be shorted. To reduce the beta to 0.6 half of this position, or a short position in 44 contracts, is required.

8.
3.9

Does a perfect hedge always succeed in locking in the current spot price of an asset for 
a future transaction? Explain your answer.

Ans.: No. A perfect hedge aims to lock in the futures price. For example, the use of a forward contract to hedge a known cash inflow in a foreign currency. The forward contract locks in the forward exchange rate—which is in general different from the spot exchange rate.
Tutorial 3 DS574

FRAs & IR Swaps

Questions 1‑4 inclusive are from Hull.

1.  4.17


“When the zero curve is upward sloping, the zero rate for a particular maturity is greater than the par yield for that maturity. When the zero curve is downward sloping the reverse is true.” Explain why this is so.

Ans.: The par yield for a certain maturity is the coupon rate that causes the bond price to equal its face value.


Assume that the zero curve is upward sloping. 

In order to find the par yield based on this curve, we essentially need to find a rate such that the PV of all cash flows will equal to par.

Consider a particular case that this par yield equals the zero yield for a particular maturity, then all coupons will be based on this rate. To calculate the PV, all this cash flows are discounted using corresponding rates on the zero curve. However, as the curve is upward sloping, the rates used for discounting are in general lower than the coupon rate which will result in a PV larger than the face value. In order to make the PV equal to the face value, we must have a par yield lower that the zero yield for that maturity. In other words, the zero yield is higher than the par yield.

illustration :

	upward sloping zero
	　
	　
	　

	　
	par
	zero
	cf
	DF
	PV

	0
	
	
	
	
	　

	1
	
	5.01
	5.0387713
	0.952290258
	4.798372788

	2
	
	5.02
	5.0387713
	0.906684042
	4.568573498

	3
	
	5.03
	5.0387713
	0.863097589
	4.348951331

	4
	5.0387713
	5.04
	105.03877
	0.821450026
	86.28410138

	　
	zero > Par
	　
	　
	　
	100.00000


For the case zero curve is downward sloping, similar argument applies.

	downward sloping zero
	　
	　
	　

	　
	par
	z
	cf
	DF
	PV

	0
	
	
	
	
	　

	1
	
	5
	4.7114734
	0.952380952
	4.487117492

	2
	
	4.9
	4.7114734
	0.908759625
	4.28159677

	3
	
	4.8
	4.7114734
	0.868792678
	4.093293563

	4
	4.7114734
	4.7
	104.71147
	0.832172334
	87.13799117

	　
	zero < Par
	　
	　
	　
	100.00000


Another explanation :

For upward sloping curve, the initial re-investment rate is lower, so we must have a higher zero rate to compensate this lower initial re-investment rate

For a downward sloping curve, the reverse is true.

2.  7.10

Companies X and Y have been offered the following rates per annum on a $5 million 10-Year investment:

	　
	Fixed Rate
	Floating Rate

	Company X
	8%
	LIBOR

	Company Y
	8.8%
	LIBOR


Company X requires a fixed-rate investment; company Y requires a floating-rate investment. Design a swap that will net a bank, acting as intermediary, 0.2% per annum and will appear equally attractive to X and Y.
Ans.:

	　
	Fixed Rate
	Floating Rate
	total benefit

	Company X
	8%
	LIBOR
	　

	Company Y
	8.8%
	LIBOR
	　

	comparative advantage
	0.8%
	0
	0.8%



Sharing of benefit :




bank 



= 0.2% ( given )


Company X


= 0.3%


Company Y


= 0.3% ( shared the 0.6% between X and Y) 

Arrangement of the swap :

This is an example of apparent comparative advantage. The spread between the interest rates offered to X and Y is 0.8% per annum on fixed rate investments and 0.0% per annum on floating rate investments. This means that the total apparent benefit to all parties from the swap is 0.8% per annum. Of this 0.2% per annum will go to the bank. This leaves 0.3% per annum for each of X and Y. In other words, company X should be able to get a floating-rate return LIBOR +0.3% per annum. The required swap is shown in the above. The bank earns 0.2%, company X earns 8.3%, and company Y earns LIBOR +0.3%.

*** 7.10The above answer is for investment. The solution for borrowing is:


[image: image1]
3.  7.15


Why is the expected loss from a default on a swap less than the expected loss from the default on a loan with the same principal?

Ans.: The principal amount, called the notional amount, in a swap transaction is used to calculate the swap cash flows only. There is no exchange of the notional amount, therefore in case of default, the loss is on the swap cash flow, which is only a fraction of the notional.


For a loan transaction, the principal amount is given to your counterparty, in case of default, you loss the whole amount of the principal.
4.  7.18


The LIBOR zero curve is flat at 5%(continuously compounded) out to 1.5 yrs. Swap rate for 2 and 3-year semiannual pay swaps are 5.4% and 5.6%, respectively. Estimate the LIBOR zero rates for maturities of 2.0, 2.5, and 3.0 years. (Assume that the 2.5 year swap rate is the average of the 2- and 3-year swap rates.) 

Ans.: Note that in this case, you can solve the 1 equation in 1 unknown manually, no need to use Excel.  
	Find 2-year zero
	
	
	
	

	T
	Par
	Zero
	CF
	DF
	PV

	0
	
	5.0000
	
	
	　

	0.5
	
	5.0000
	2.7
	0.97531
	(2.7e-0.05 x 0.5)= 2.63333676

	1
	
	5.0000
	2.7
	0.951229
	(2.7e-0.05 x 1)=2.56831945

	1.5
	
	5.0000
	2.7
	0.927743
	(2.7e-0.05 x 1.5)=2.50490741

	2
	5.4
	5.3420
	102.7
	0.89867
	(102.7e-X x 2)=92.2934364

	2.5
	5.5
	
	To find this X
	　

	3
	5.6
	
	
	
	　

	　　
	100.000

	(2.7e-0.05 * 0.5)+ (2.7e-0.05  * 1)+ (2.7e-0.05 * 1.5)+ (102.7e-X * 2)=100

2.633+2.568+2.5049+102.7 e-X * 2=100

102.7e-X * 2=92.2938

e-X * 2 =92.2938/102.7

-X=In0.89/2

X=0.05432

	Find 2.5-year zero
	
	
	
	

	T
	Par
	Zero
	CF
	DF
	PV

	0
	
	5.0000
	
	
	　

	0.5
	
	5.0000
	2.75
	0.9753099
	(2.75e-0.05 * 0.5) =2.68210226


	1
	
	5.0000
	2.75
	0.9512294
	(2.75e-0.05 * 1) =2.61588092

	1.5
	
	5.0000
	2.75
	0.9277435
	(2.75e-0.05 x 1.5) =2.55129459

	2
	5.4
	5.3420
	2.75
	0.8986703
	(2.75e-0.0534 x 2) =2.47134323

	2.5
	5.5
	5.442
	102.75
	0.872792
	(102.75e-X x 2.5) =89.679379

	3
	5.6
	
	
	　

	Use same method as above (2-yr zero) to find x
	　
	　
	100.0000

	Find 3-year zero
	
	
	
	

	T
	Par
	Zero
	CF
	DF
	PV

	0
	
	5.0000
	
	
	　

	0.5
	
	5.0000
	2.8
	0.9753099
	2.73086775

	1
	
	5.0000
	2.8
	0.9512294
	2.66344239

	1.5
	
	5.0000
	2.8
	0.9277435
	2.59768176

	2
	5.4
	5.3420
	2.8
	0.8986703
	2.51627675

	2.5
	5.5
	5.4423
	2.8
	0.872792
	2.44381763

	3
	5.6
	5.544
	102.8
	0.8467696
	87.0479135

	　
	　
	　
	　
	　
	100.0000


5.  Calculate the value of a 1s/3s receiver swap from the following data:

	Year
	Par Rate %

	0.5
	6.00

	1.0
	6.50

	1.5
	7.20

	2.0
	7.90

	2.5
	8.50

	3.0
	8.90


Ans.: Step 1. :
find the Discount Factors by bootstrapping. 

( can be solved manually)
	Year
	Par Rate %
	CF
	DF
	PV

	0
	　
	
	
	　

	0.5
	6
	(6.5/2)=3.25
	1.03000
	3.15534

	1
	6.5
	103.25
	1.06614
	96.84466

	1.5
	7.2
	
	
	100

	2
	7.9
	
	
	　

	2.5
	8.5
	
	
	　

	3
	8.9
	　
	　
	　

	
	
	
	
	

	Year
	Par Rate %
	CF
	DF
	PV

	0
	　
	
	
	　

	0.5
	6
	(7.2/2)=3.6
	1.03000
	3.495146

	1
	6.5
	3.6
	1.06614
	3.376666

	1.5
	7.2
	103.6
	1.11245
	93.12819

	2
	7.9
	
	
	100

	2.5
	8.5
	
	
	　

	3
	8.9
	　
	　
	　


	Year
	Par Rate %
	Disc. Factor (DF)
	Invest Flow (CF)
	Present Value (PV=CF/DF)

	0.0
	
	1.0000
	
	

	0.5
	6.00
	1.0300
	
	

	1.0
	6.50
	1.0661
	-100.00
	(-100/1.0611)=-93.796

	1.5
	7.20
	1.1124
	5.14
	4.620

	2.0
	7.90
	1.1692
	5.14
	4.396

	2.5
	8.50
	1.2347
	5.14
	4.163

	3.0
	8.90
	1.3041
	105.14
	80.624


To solve for the Par Swap rate given a zero curve, you need to solve a non-linear equation in 1 unknown. In this case you need to use trail and error.

	Year
	Par Rate %
	Disc. Factor
	Invest Flow
	Present Value

	0.0
	
	1.0000
	
	

	0.5
	6.00
	1.0300
	
	

	1.0
	6.50
	1.0661
	-100.00
	-93.796

	1.5
	7.20
	1.1124
	5.14
	4.620

	2.0
	7.90
	1.1692
	5.14
	4.396

	2.5
	8.50
	1.2347
	5.14
	4.163

	3.0
	8.90
	1.3041
	105.14
	80.624


Therefore the swap rate is 2 x 5.14%  =  10.28%.
Students may have used continuous compounding per Hull – that is okay, the answer should be similar.  Students need to be familiar with both methods – in the exams and the mid-semester test I will make it clear whether we are working in discrete or continuous environments.

Please ensure that students know why the fixed leg must be valued at par (100.00).  It is because we must value the swap so that we are indifferent between the fixed and floating legs.  The floating leg is always valued at par, because the cost of capital for a ‘good’ bank is BBSW, and the cashflow is also a function of BBSW.

Note:

In summary :

1. Given the Par Swap rate ( from the market quote), you can solve the Zero rate manually. ( this is the bootstrapping method to build a zero curve).

2. Given the Zero curve, you can find the Par Swap rate of a particular swap by using a Trial and Error method ( use the Excel Solver function)

Tutorial 4   All questions are from Hull.

1 8.9

Suppose that a European call option to buy a share for $100.00 costs $5.00 and is held until maturity. Under what circumstances will the holder of the option make a profit? Under what circumstances will the option be exercised? Draw a diagram illustrating how the profit from a long position in the option depends on the stock price at maturity of the option.

Ans.:  (LONG CALL)
For profit :
Share price at maturity > 105

For exercise :
Share price at maturity > 100
Ignoring the time value of money,  the holder of the option will make a profit if the stock price at maturity of the option is greater than$105. This is because the payoff to the holder of the option is, in these circumstances, greater than the $5 paid for the option. The option will be exercised if the stock price at maturity is greater than $100. Note that if the stock price is between $100 and $105 the option is exercised, but the holder of the option takes a loss overall. The profit from a long position is as shown below. 

Profit from long position (Long Call)


                    Profit     15

                                 10 




       5




0    80               90                             110 


2.  8.10

Suppose that a European put option to sell a share for $60 costs $8 and is held until maturity. Under what circumstances will the seller(writer) of the option(the party with the short position) make a profit? Under what circumstances will the option be exercised? Draw a diagram illustrating how the profit from a short postion in the option depends on the stock price at maturity of the option.


Ans.:  (SHORT PUT)
For profit :
Share price at maturity > 52

For exercise :
Share price at maturity < 60
Ignoring the time value of money, the seller of the option will make a rofit if the stock price at maturity is greater$52.00. This is because the cost to the seller of the option is in these circumstances less than the price received for the option. The option will be exercised if the stock price at maturity is less than $60.00. Note that if the stock price is between $52.00 and $60.00 the seller of the option makes a profit even though the option is exercised. The profit from the short position is as shown as below. 

profit from short position (short put)



3.  8.11
Describe the terminal value of the following portfolio: a newly entered-into long forward contract on an asset and a long position in a European put option on the asset with the same maturity as the forward contract and a strike price that is equal to the forward price of the asset at the time the portfolio is set up. Show that the European put option has the same value as a European call option with the same strike price and maturity.

Ans.: The terminal value of the portfolio will be the same as a Long call position.

Long forward + Long Put = Synthetic Long Call

On contract inception, the value of Long forward position = 0,

Therefore, value of Long Put = value of Long Call

Note : in fact this is the put-call parity relationship:


Long forward + Long Put = Synthetic Long Call

· ( S – K*exp(-rt))  + P = C

if the forward is fairly priced  ( S – K*exp(-rt))  = 0 and hence P = C

the option is called ATMF ( at-the-money-forward) in this case.




profit

asset price







Red line is Total

Green line is Put

Dot line is Forward

4.  8.14

Explain why an American option is always worth at least as much as a European option on the same asset with the same strike price and exercise date.

ANS.:

An American option can be early exercised. This early exercise feature should have some value in it.

5.  8.20

What is the effect of an unexpected cash dividend on (a) a call option price and (b) a put option price? 


ANS.:

An unexpected cash dividend will reduce the stock price more than expected. This will in turn reduce the value of a call option and increase the value of a put option.

6.  8.22

Explain why the market maker’s bid-offer spread represents a real cost to option investors.


ANS.:

A “fair” price for the option can reasonably be assumed to be half way between the bid and ask price. An investor typically buys at the ask and sells at the bid. Each time she does this there is a hidden cost equal to half the bid-ask spread.

DS Tutorial 5

The Greeks All questions are from Hull.

1.  15.2 

What does it mean to assert that the delta of a call option is 0.7? How can a short position in 1000 call options be made delta neutral when the delta of each option is 0.7?

Ans.; A delta of 0.7 means that, when the price of the stock increases by a small amount, the price of the option increases by 70% of this amount. Similarly, when the price of the stick decreases by a small amount, the price of the option decreases by 70% if this amount. A short position in 1,000 options has a delta of –700 and can be made delta neutral with the purchase of 700 shares.

2.  15.6 

“The procedure for creating an option position synthetically is the reverse of the procedure for hedging the option position.” Explain this statement.

Ans.: To hedge an option position, it is necessary to create the opposite option position synthetically. For example, to hedge a long position in a put, it is necessary to create a short position in a put synthetically. It follows that the procedure for creating an option position synthetically is the reverse of the procedure for hedging the option position.

3.  15.10


Suppose that a stock price is currently $20 and that a call option with an exercise price of $25 is created synthetically using a continually changing position in the stock. Consider the following two scenario:

a. Stock price increases steadily from $20 to $35 during the life of the option.

b. Stock price oscillates wildly, ending up at $35.

Which scenario would make the synthetically created option more expensive? Explain your answer.

Ans.:   b is more expensive
The holding of the stock at any given time must be N(d1). Hence the stock is bought just after the price has risen and sold just after the price has fallen. (This is the buy high sell low strategy referred to in the text) In the first scenario the stock is continually bought. In second scenario the stock is bought, sold, bought again, sold again, etc. The final holding is the same in both scenarios. The buy, sell, buy, sell….situation clearly leads to higher costs than the buy, buy, buy,….situation. This problem emphasizes one disadvantage of creating options synthetically is not know up front and depends on the volatility actually encountered.

4.  15.13

A company uses a delta hedging to hedge a portfolio of long position in put and call options on a currency. Which of the following would give the most favourable result?

a. A virtually constant spot rate

b. Wild movements in spot rate

Explain your answer.

Ans.
Case b is more favourable.

(A long position in either a put or a call option has a positive gamma. When gamma is positive the hedger gains from a large change in the stock price and loses from a small change in the stock price. Hence the hedger will the fare better in case (b).)

5.  15.16

Under what circumstances is it possible to make a European option on a stock index both gamma neutral and vega neutral by adding a position in one other European option ?

ANS.:

The other option is of the Same maturity.( hence, the maturity of the over-the-counter option must equal the maturity of the traded option.)

6. 15.22


A bank’s position in options on the dollar-euro exchange rate has a delta of 30,000 and a gamma of –80,000. Explain how these numbers can be interpreted. The exchange rate(dollars per euro) is 0.90. What position would you like to make the position delta neutral? After a short period of time, the exchange rate moves to 0.93. Estimate the new detla. What additional trade is necessary to keep the position delta neutral? Assuming the bank did set up a delta-neutral position originally, has it gained or lost money from the exchange-rate movement?

Ans.: (sell 30,000 EUR against USD) 

The delta indicates that when the value of the euro exchange rate increases by $0.01, the value of the bank’s position increases by 0.01x30, 000=$300. The gamma indicates that when the euro exchange rate increases by $0.01 the delta of the portfolio decreases by0.01x80,000=800. For delta neutrality 30,000 euros should be shorted. When the exchange rate moves up to 0.93, we expect the delta of the portfolio to decrease by (0.93-0.90)x80,000=2,400 so that it becomes 27,600. To maintain delta neutrality, it is therefore necessary for the bank to unwind its short position 2,400 euros so that a net 27,600 have been shorted. As shown in the text (see figure15.8), when a portfolio is delta neutral and has a negative gamma, a loss is experienced when there is a large movement in the underlying asset price. We can conclude that the bank is likely to have lost money. 
6.  15.22

A bank’s position in options on the dollar-euro exchange rate has a delta of 30,000 and a gamma of –80,000. Explain how these number can be interpreted. The exchange rate (dollars per euro) is 0.90. What position would you take to make the position delta neutral ? After a short period of time, the exchange rate moves to 0.93. Estimate the new delta. What additional trade is necessary to keep the position delta neutral ? Assuming the bank did set up a delta-neutral position originally, has it gained or lost money from the exchange rate movement?

ANS.: delta :
when EUR/USD up 0.01, value of the bank’s position up by 0.01*30000 = 300

gamma :
when EUR/USD up 0.01, delta down 0.01 * 80000 = 800

to maintain delta neutral ( i.e. delta = 0) :

sell 30,000 EUR against USD

when EUR/USD moves to 0.93, delta decrease by 

(0.93-0.90) * 80,000 = 2400

new delta = 27,600, to maintain delta = 0, need to  buy back 2400 EUR and end up with EUR position = 27,600

because the gamma is negative, the bank has lost from the exchange rate movement.

TUTORIAL 6

	1.
	How do BSM exploit relative pricing to produce the BSM option pricing model?

	
	

	
	Answer:

	
	BSM commence by specifying price dynamics for the underlying asset.  These price dynamics are a highly specialised characterisation of risk.  BSM exploit relative pricing by obtaining the price dynamics of the option relative to the price dynamics of the underlying asset (the option is based on, and therefore is a function of, the underlying asset).

That is, BSM specify the underlying asset’s price dynamics (how the asset price changes) as:
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Given this specification of asset price dynamics, the option price dynamics must be, by relative pricing:
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	2.
	What was the key insight of BSM which allowed them to obtain a unique option price solution?

	
	

	
	Answer:

	
	Given the relative pricing framework, in turns out that the underlying asset price dynamics and the option price dynamics share the same source of uncertainty.  This meant that the uncertainty could be eliminated by a suitably constructed portfolio.  With the uncertainty eliminated, the portfolio must grow deterministically at the riskless rate.

	
	

	3.
	How did subsequent researchers conclude that we could consider the option price as a risk neutral discounted expectation?  How does this characterisation help us?

	
	

	
	Answer:

	
	The BSM partial differential equation (solution) does not contain any term where investor preferences are important.  The only term with investor preferences embedded is μ, and that is cancelled through the portfolio formation process.  Consequently, as investor preferences are not important, we can calculate option prices in a preference independent (risk neutral) economy and obtain the same price as if we calculated them in a preference dependent (risk averse) economy.  We choose to calculate prices in a risk neutral economy as we only need to know the riskless rate, and that is simple and transparent.  Expected asset returns (μ) are difficult and not transparent.


Tutorial 8:  Other Greeks

	1.
	Hedging an option in a Black‑Scholes‑Merton economy is different to hedging an option in the real economy.  Explain how the hedging strategy changes once implied volatility is no longer constant.

	
	

	
	Answer:

	
	

	
	BSM assumes that implied volatility is constant.  Therefore, continuous (dynamic) delta hedging of the option is both necessary and sufficient to eliminate all option risk.  If implied volatility is no longer constant, then the option’s risk with respect to a change in implied volatility (vega) becomes important.  The hedging strategy requires an additional step to eliminate vega.  This step is to trade an option with the same size but opposite sign of vega.

Eg. if you own an option with FV=$100mio, delta=0.15 and vega of 5%:

(i) BSM requires you to sell $15mio in the spot asset market.

(ii) You could sell an option with FV=$50mio, delta=0.40 and a vega of 10%.  The hedging option (FV=$50mio) is sold with a delta hedge (buy $20mio spot).

The net position is delta=0, vega=0.  Step (ii) is the additional step required by having vega which is non‑zero.

	
	

	2.
	You are given the details of two European vanilla options:

Option 1

Option 2

Delta

0.45

0.45

Vega

1.0%

3.0%

Maturity

1mo (30 days)

3mo (90 days)

You buy $30mio of option 2, and sell $13.5mio of the spot asset to hedge your delta.  If you believe implied volatilities are at a very high level, and you expect them to fall, construct a hedge using option 1.  You should consider both weighted and unweighted vega hedging.  Comment on which is best and why.

	
	

	
	Answer:

	
	

	
	Vega hedge:  Sell $90mio of option 1 to hedge the vega.

	
	

	
	Delta hedge:  Buy $40.5mio of the spot asset to hedge option 1’s delta.

	
	

	
	Weighted Vega Hedge:

In this scenario, a weighted vega hedge is WORSE than a vega hedge.  This is because vols are very high, and so a fall in vol and a rise in vol will be asymmetric.  A rise in vol will be roughly parallel, a fall in vol will be steeply normalised.  Therefore:

1mo volatility is expected to rise 1:1 with the 3mo, but fall 
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 of the 1mo option.

Delta hedge option 1 by buying $23.38mio of the spot asset.

Net exposure:

Implied Volatility

Vega Hedge

W.Vega Hedge

Up: Parallel (+1.0%)

$0

$380k

Down: Normalised (1.73:1.0)

$657k

$0

Since your view is that vols are unlikely to rise, but if they do, the curve cannot invert further, then you should vega hedge NOT weighted vega hedge.

The situation would be reversed if you are long the 3mo option within the extremes of volatility (neither highs or lows).  Then you would prefer to hedge using weighted vegas, as it is equally likely that 1mo vols will rise as fall:

Implied Volatility

Vega Hedge

W.Vega Hedge

Up: Inverted (1.73:1.0)

-$657k

$0

Down: Normalised (1.73:1.0)

$657k

$0



	3.
	You are long 3mo EUR/USD straddles and are concerned that volatility is going to fall.  If correlation between EUR/USD and USD/JPY is 0.3, how do you think you should hedge your exposure?

	
	

	
	Answer:

	
	

	
	You can sell EUR/USD straddles to obtain a hedge.  This can be shorter, same or longer than 3mo, depending on you curve views.  It is probably not a good idea to sell USD/JPY straddles, and take an implicit EUR/JPY volatility position, because the correlation is reducing EUR/JPY volatilities, and it is a relatively even chance whether a change in correlation will help or hinder your position.

	
	

	4.
	Would your answer to (3) change if correlation is ‑0.7?

	
	

	
	Answer:

	
	

	
	Yes.  The correlation is towards one end of the extreme of the range, and it is upwardly pressuring EUR/JPY volatilities.  Given that correlation is unstable, a change in correlation is much more likely to reduce EUR/JPY volatilities.  Therefore, selling USD/JPY straddles (implicitly shortEUR/JPY volatilities) is a good idea.

	
	


Tutorial 9:  Term Structure of Volatility

Answers

	1.
	(i)
	Explain why arbitrage‑free term structures of implied volatility are not smooth functions of time.

	
	
	

	
	
	Answer:

	
	
	

	
	
	Unlike term structures of interest rates, volatility is NOT the same for each day.  While the same daily coupon is received on Saturday or a public holiday as a business Wednesday, the implied volatility for a Saturday and a public holiday will be less than the implied volatility for the business Wednesday as the market is closed.  Also, there are other days where we can expect more volatility than ‘normal’, such as data and other key event days.  Accordingly, while the volatility may be forecast to be 10% for the period, some days will be higher and others lower to accommodate ‘good’ and ‘bad’ day weightings.

	
	
	

	
	(ii)
	Assume that you find a trader who quotes a smooth term structure of implied volatility, and the current term structure of implied volatility is a normal shape.  What trading strategy will you adopt with them?

	
	
	

	
	
	Answer:

	
	
	

	
	
	Buy short‑dated Fridays and sell the following Mondays.  This lets you improve the amount of theta charged per unit of gamma.  Buy short‑dated options which expire the day before public holidays, and sell short‑dated options which expire after public holidays.  Sell short‑dated options which expire just before big data releases and buy short‑dated options which expire just after big data releases.

	
	
	

	
	
	

	
	(iii)
	Does your answer change if the term structure of implied volatility is inverse, instead of normal?  Explain.

	
	
	

	
	
	Answer:

	
	
	

	
	
	No.  Irrespective of the shape of the implied volatility curve, if your competitor does not adjust implied volatility for weekends and public holidays by a proportion factor, and know when important data days are, you can build strong book positions with little to no actual cost.

	
	
	

	
	
	

	
	(iv)
	Explain why the term structure of implied volatility is smoother in the long‑dated end of the curve, than it is for the short‑dated end of the curve.

	
	
	

	
	
	Answer:

	
	
	

	
	
	One day has a bigger impact on shorter‑dated options than for longer‑dated options.  This is because shorter‑dated straddles are laden with gamma, and the accompanying time decay.  On the whole, traders do not want to carry large positive gamma positions over the weekend, because of the limited opportunities to scalp the time decay.  Long‑dated options have little gamma, so the need to lean one’s prices to the left is less pronounced.

	
	
	

	
	(v)
	Does the existance of a term structure of implied volatility violate any of the assumptions underpinning the Black‑Scholes‑Merton option pricing model?  Explain.

	
	
	

	
	
	Answer:

	
	
	

	
	
	Yes.  BSM assume the term structure of implied volatility is flat (constant) for all maturities.

	
	
	

	
	(vi)
	What are the implications for option risk management if there is a term structure of implied volatility?  Explain.

	
	
	

	
	
	Answer:

	
	
	

	
	
	If the term structure is not flat, then volatility is not constant and vega is non‑zero.  As a result, continuous delta hedging advocated by BSM is insufficient to hedge the risk in options.  Not only is the term structure not flat, but its dynamics are not parallel.  Accordingly, it is not vegas which become important, per se, but weighted vegas.

	
	
	


Tutorial 10: Strike Structure


[image: image6]
	1.
	(i)
	What does the line segment AB represent?

	
	
	

	
	
	Answer:

	
	
	

	
	
	The skew, aka as the RR.  It is the expression of preference for, in this case, Puts over Calls.  The size of the RR is a function of vanna and it reflects the market’s prediction of the correlation of spot and volatility.

Need to reinforce the explanation of how delta changes with higher and lower vols.  Show that delta changing with the passage of time is equivalent to a fall in vol.

	
	
	

	
	(ii)
	What does the line segment DE represent?

	
	
	

	
	
	Answer:

	
	
	

	
	
	The butterfly.  In the absence of a skew, OTM options will always trade at a volatility premium to 0δ straddles, owing to the non‑negative volga of VN butterflies.

Need to reinforce the explanation of how vega changes with volatility.  Show that vega changing with the passage of time is equivalent to a fall in vol.

	
	
	

	
	
	

	
	(iii)
	What does the line segment EF represent?

	
	
	

	
	
	Answer:

	
	
	

	
	
	The implied volatility for a zero‑delta straddle, which is the level of volatility for that maturity (1 mark).  That is, a function of time only.

Reinforce the calculation of a Call option vol given straddles, RR and fly as an example.  Ditto for the equivalent Put option.

	
	
	

	
	
	

	
	(iv)
	Describe the similarities between volga and gamma.

	
	
	

	
	
	Answer:

	
	
	

	
	
	Volga is convexity of vega to volatility, whereas gamma is convexity of delta to spot.  Both are beneficial, but only one (gamma) is priced by BSM.  That is why we must adjust BSM volatilities for OTM options.


Tutorial 11:  Exotics

	1.
	You are a price‑maker at a bank.  You buy a one touch with a touch level H > S off a corporate customer as part of a structured product.  If H trades before expiry, what risks do you have to deal with?

	
	

	
	Answer:

	
	

	
	While you prefer the option to touch, as you will be paid the payout value, early termination causes some problems:

	
	

	
	The OT is long delta.  Therefore, as spot rallies, you will have sold spot deltas to hedge your spot exposure.  When H trades, your long (OT) delta disappears, and you become net short deltas in a rising spot market.  This ‘slippage’ can be significant.

	
	

	
	The OT is also long vega and long gamma, up until H trades.  So the trader’s exposure to volatility, if hedged in the European vanilla market, could mean the trader is also net short gamma and vega as spot is moving significantly (the trader’s delta unwind is helping to move the market!).

	
	

	
	Model risk.  The price‑maker needs to ensure they pay the correct price for the OT.  The probability of touching, and the VOLGA and VANNA feed into the price.  This is why it is not a good idea to hedge exotics only with vanillas.

	
	

	2.
	If instead of buying the one touch off a corporate customer, you buy off another bank, does your answer change?

	
	

	
	Answer:

	
	

	
	Yes.  If you consider the delta unwind, you will be forced to buy back spot deltas when H trades.  However, the other bank will be selling spot deltas.  Therefore, spot will be reasonably well behaved, as our significant buying will be met by a significant seller.  This is because banks mark‑to‑market every day, forcing them to be dynamic hedgers.  Corporates, on the other hand, rarely hedge dynamically, they are only interested in whether H trades or not.

	
	

	
	Similarly, the banks will tend to counteract each other in the volatility market as well.  While we are long gamma and vega, and maybe selling some European options to hedge, the other bank has the reverse position.  Corporates are typically not interested in greek exposures.

	
	

	3.
	‘Static’ hedging is a technique whereby an exotic, for example a reverse knockout call, is replicated with a number of European options with varying expiration dates.  What do you believe are the advantages and disadvantages of such a hedging scheme?

	
	

	
	Answer:

	
	

	
	Advantages:

	
	If it can be achieved, then do not need to consume transaction costs to hedge the exotic option.

	
	

	
	Simple set‑and‑forget, without discontinuity (delta unwind) problem.

	
	

	
	Disadvantages:

	
	Fixed duration (European) options cannot hedge strong American optionality (exotics).  It does not matter how they are constructed.  If you achieve a perfect ‘static’ hedge, the next day when t, and σ change, the construct of the ‘static’ hedge will also change.  The replication will not match the dynamic effects of volga and vanna.  Static hedge only applies to changes in S (BSM framework).

	
	

	
	Transaction costs to set up the initial hedge are significant, and adjusting it through time is also significant.

	
	

	
	A discontinuous payout cannot be adequately hedged by a combination of gentlely sloped ramp payoffs.

	
	

	4.
	USD/JPY is trading at 109.00.  You buy a six month reverse knockout (RKO) USD Call with a strike of 109.00 and a barrier (H) of 112.50.  Try and fill in the following table:

Spot = 109.25

Spot = 112.00

Delta

Long or short?

Long or short?

Gamma

Long or short?

Long or short?

Vega

Long or short?

Long or short?



	
	Answer:

	
	

	
	Spot = 109.25

Spot = 112.00

Delta

Long

Short

Gamma

Long

Short

Vega

Long

Short

The way to think about it is as follows:  when near the strike price, the option resembles a European; when near the barrier level the option resembles an exotic.

When you buy the option you want the spot to go up (long delta), but not too far (barrier at 112.50).

When the spot rises from 109.00, the value of our RKO Call increases in a convex way (long gamma).  As spot approaches the barrier level, the price of the RKO Call decreases, as the probability of knocking out is significant (short gamma).

Around 109.00, we want a lot of volatility to force the spot level higher (long vega).  As spot approaches the barrier level, we do not want volatility as that increases the probability of knocking out (short vega).
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