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1. You are in charge of the bond portfolio of Safe Investments Inc and have to buy $100m of bonds on January 1st, 2004. You are concerned that interest rates may fall between now (November 1st, 2003) and January and decide to use a T-bond futures contract to set up a hedge.

The current Jan04 T-bond futures price is 95-04. On January 1st 2004, the estimated duration of the targeted bond portfolio will be 9.0 years. The cheapest to deliver T-bond contract is expected to be a 20-year, 7 percent coupon bond whose duration is 11.2 years at maturity of the futures contract.

(i) Explain which risk you are exposed to if you don’t set up the hedge. Separately consider the scenarios where the interest rate rises and declines.

Interest rates rise: 

Makes targeted bond portfolio cheaper as bond price decrease: benefit w/o hedge.
Interest rates fall:
Makes targeted bond portfolio more expensive as bond price increases: larger losses w/o hedge.
(ii) Demonstrate the size and direction (short or long) of a position in the Jan04 T-bond futures contract that would provide a hedge for the underlying bond portfolio. The face value of each bond futures contract is $100,000.

Long position n N* = S*Ds = bond futures
                     F*Df

                   = 100,000,000 x 9 years = 804 contracts
                       100,000     11.2 years
or
                N* = 100,000,000 x 9 years = 845 contracts
                       95,125     11.2 years
Suppose that by January 1, 2004 interest rates have declined and the T-bond futures price has gone to 99-16.

   (iii) What were the realized losses between November 2003 and January 2004 on the hedged and unhedged positions?

Losses on unhedged position: $5

Losses on hedged position: $5 – 804 x 100,000 x (99.5 – 95.125)

                                                      100

                          = $5 – $3.517 = -1,303 million
or -$3,697 million if use 845 contracts 
2. You have invested in a portfolio comprising a $200,000 position in IBM whose daily rates of return are normally distributed N(0,.0252) (i.e. they have a standard deviation of 2.5% per day for each dollar invested) and a $300,000 position in WebMD whose daily rates of return are normally distributed N(0,.042). The correlation between the two stocks’ returns is 0.3.

(i) Compute the 1% VaR for the separate positions in IBM and WebMD at a 1-day horizon:

1% Var, IBM:  Standard Deviation = $200,000 x .025 = $ 5,000
              1% VaR = 2.33 x $5,000 = $11,650
1% Var, WebMD:  Standard Deviation = $300,000 x .04 = $ 12,000

              1% VaR = 2.33 x $12,000 = $27,960
(ii) Compute the 1% VaR for the joint position in IBM and WebMD at the 1-day horizon.

Stdev = ( 5,000^2 + 12,000^2 + 2 x 0,3 x 5,000 x 12,000)^(1/2) = $14,318

So, Var = $14,318 x 2.33 = $33,360
(iii) How large is the portfolio diversification gain in this case?
$11,650 + $27,960 - $33,360 = $6,250
(iv) Compute the 1% VaR for the portfolio for a 10-day horizon.

$33,360 x 10^(1/2) = $105,493

3. With reference to the copy of option prices from WSJ handed out in class, do the following.

(i) For each DJ Industrial Avg (DJX) call option listed below give its intrinsic value (IV) and time value (TV). Indicate for each option whether it is in/at/out of-the-money.

Strike
expiration
  call price
IV

TV
  moneyness

92

Dec

    6.80         6.58        0.22        in






96

Nov             2.90         2.58        0.32        in
      




96

Dec             3.50         2.58        0.92        in




96

Jan              4           2.58        1.42        in








100

Dec             1.35           0         1.35        out
100

Jan

    1.80           0         1.80        out





(ii) Repeat exercise (i) for the following DJX put options

Strike
expiration
  put price

IV

TV
  moneyness

92

Dec

    0.40          0          0.40        out






96

Nov
          0.40          0          0.40        out 





96

Dec
          1.10          0          1.10        out







96

Jan

    1.65          0          1.65        out





100

Nov
          1.95         1.42        0.53         in





100

Dec             2.90         1.42        1.48         in
(iii) Using the table in (i), demonstrate that call option prices are increasing functions of time to expiration and decreasing functions of the strike price.

Time to expiration:  X = 96: Call(Jan) > Call(Dec) > Call(Nov)

                               4       >   3.50    >  2.90

                     X = 100: Call(Jan) > Call(Dec)

                               1.80     >   1.35

Strike price: T = Dec:  Call(92) > Call(96) > Call(100)

                          6.80    > 3.50    > 1.35 

              T = Jan:  Call(96) > Call(100)

                          4    > 1.80
(iv) Using the table in (ii), demonstrate that put option prices are increasing functions of time to expiration and of the strike price.

Time to expiration:  X = 96: Put(Jan) > Put(Dec) > Put(Nov)

                              1.65       >   1.10    >  0.40

                     X = 100: Put(Jan) > Put(Dec)

                               2.90     >   1.95

Strike price: T = Dec:  put(92) < put(96) < put(100)

                          0.40    < 1.10    < 2.90 

(v) For the Dec. DJX call option with a strike price of 100 draw a profit diagram as a function of the stock price at expiration. Indicate the range where the profit is positive (net of the option premium).

Initial lost is $1.35.  
Positive profits if St > 101.35
(vi) For the Dec 96 DJX put option with a strike price of 96 draw a profit diagram as a function of the stock price at expiration. Again indicate the range of positive profit (net of the option premium).

Initial lost is #1.10.
Positive profits if St < 94.96
(vii) Using the option prices in the WSJ, compute the percentage rates of return on the call and put options listed below if the DJX stock price index on the expiration date in December is 98:





Call option 


Put option 





Rate of return


Rate of return

92
Dec
100 x (Max(98-92,0) – 1)= -11.76%  100 x (Max(92-98,0) – 1)= -100%


   6.80
                           0.40           
96
Dec
100 x (Max(98-96,0) – 1)= -42.86%  100 x (Max(96-98,0) – 1)= -100%

         3.50

                      1.10                 
100
Dec   100 x (Max(98-100,0) – 1)= -100%   100 x (Max(100-98,0)– 1)= -31.03%


   1.35

                      2.90                
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