






Chapter 5 
Financial Forwards and Futures 

 Question 5.1 

Four different ways to sell a share of stock that has a price 
0
S at time 0. 

 

Description 

Get Paid at 

Time 

Lose Ownership of 

Security at Time 

 

Receive Payment of 

Outright Sale 0 0 
0
S at time 0 

Security Sale and T 0 
0
rTS e at time T 

Loan Sale    

Short Prepaid Forward 0 T ? 

Contract    

Short Forward T T ? rTe  

Contract    

 Question 5.2 

1.  The owner of the stock is entitled to receive dividends. As we will get the stock only in one year, the 

value of the prepaid forward contract is today’s stock price, less the present value of the four dividend 

payments: 

3
12

4
0.06

0,

1

$50 $1

$50 $0.985 $0.970 $0.956 $0.942

$50 $3.853 $46.147

iP
T

i

F e 



 

    

  

  

2.  The forward price is equivalent to the future value of the prepaid forward. With an interest rate of 6% 

and an expiration of the forward in one year, we have: 

0.06 1 0.06 1
0, 0,

$46.147

$46.147 1.0618 $49.00

P
T T

F F e e    

  
 

  Note that this is equivalent to taking the future value of the initial stock price and subtracting the 

future value (at 6%) of the dividends received, as in Equation (5.6) of the text. 
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 Question 5.3 

1.  The owner of the stock is entitled to receive dividends. We have to offset the effect of the continuous 

income stream in form of the dividend yield by tailing the position:  

0.08 1
0,

$50 $50 0.9231 $46.1558P
T

F e      

  We see that the value is very similar to the value of the prepaid forward contract with discrete 

dividends that we have calculated in Question 5.2. In Question 5.2., we received four cash dividends, 

with payments spread out through the entire year, totaling $4. This implies a total annual dividend 

yield of approximately $4 $50 0.08.   

2.  The forward price is equivalent to the future value of the prepaid forward. With an interest rate of  

6% and an expiration of the forward in one year we thus have:  

0.06 1 0.06 1
0, 0,

$46.1558

$46.1558 1.0618 $49.01

P
T T

F F e e    

  
 

  We could also use Equation (5.7) of the text, i.e., 

(.06 .08)
0,

$50 $49.01.
T

F e    

 Question 5.4 

1.  We use the continuously compounded interest rate and the time to expiration in years (6 months is  

0.5 year) in Equation (5.7). We have:  

0.05 0.5
0, 0

$35 $35 1.0253 $35.886.r T
T

F S e e         

2.  The annualized forward premium is calculated as:  

0,

0

1 1 $35.50
annualized forward premium ln ln 0.0284

0.5 $35

T
F

T S
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  Notice this is less than the interest rate, hence the index must pay a dividend. 

3.  We could use ( )
0, 0

r T
T

F S e  and solve for . However, it is easier to use the previous result concerning 
the annualized forward premium. The forward premium is simply the difference between the risk-free 
rate and the dividend yield: 
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  Therefore, we can solve:  

0 0284 0 05

0 0216





    

 
 

  The annualized dividend yield is 2.16%. 
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 Question 5.5 

1.  We use the valuation formula, ( )
0 0

,r T
T

F S e 

 with a continuously compounded interest rate  

of 5 ,r %  a dividend yield of 0,  and time to expiration 0 75.T   Remember time is in years, 
hence 9 months is 3/4 of a year. We have: 

0 05 0 75
0 0

$1 100 $1 100 1 0382 $1 142 02.r T
T

F S e e   

             

2.  We engage in a reverse cash and carry strategy. In particular, we do the following:  

Description Today In 9 months 

Long forward, resulting  

   from customer purchase 

 

0 

 

0,T T
S F  

Sell short the index 
0
S  

T
S  

Lend
0
S  

0
S  

0
rTS e  

Total 0 
0 0,

rT
T

S e F   

  Specifically, with the numbers given in the exercise, and assuming the forward price is the no 

arbitrage price we determined in Part (1), we have: 

Description Today In 9 months 

Long forward, resulting 

   from customer purchase 

 

0 

 

$1,142.02
T
S   

Sell short the index $1,100 
T
S  

Lend $1,100 $1,100 0.05 0.75$1,100

$1,142.02

e 


 

Total 0 0 

  Therefore, the market maker is perfectly hedged. She does not have any risk in the future, because 

she has successfully created a synthetic short position in the forward contract. 

3.  Now, we will engage in cash and carry arbitrage: 

Description Today In 9 months 

Short forward, resulting 

   from customer purchase 

 

0 

 

0,T T
F S  

Buy the index 0
S  

T
S  

Borrow 0
S  0

S  0
rTS e   

Total 0 0, 0
rT

T
F S e   
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  Specifically, with the numbers of the exercise, we have: 

Description Today In 9 months 

Short forward, resulting 

   from customer purchase 

 

0 

 

$1,142.02
T
S  

Buy the index $1,100 
T
S  

Borrow $1,100 $1,100 0.05 0.75$1,100

$1,142.02

e  

 
 

Total 0 0 

  Again, the market maker is perfectly hedged. He does not have any index price risk in the future, 

because he has successfully created a synthetic long position in the forward contract that perfectly 

offsets his obligation from the sold forward contract. 

 Question 5.6 

1.  We use the valuation formula, ( )
0 0

,r T
T

F S e 

  with a continuously compounded interest rate  

of 5 ,r %  a dividend yield of 015,    and time to expiration 0 75.T    We have: 

( ) (0 05 0 015) 0 75
0 0

$1 100 $1 100 1 0266 $1 129 26.r T
T

F S e e      

             

2.  We engage in a reverse cash and carry strategy. We must tail our short index position to  
 015 75 0 9888.Te e      Notice shorting the index requires paying the continuous dividends  
Hence shorting 0.9888 units requires having to buy back more (i.e., 1 unit) of the index. The  
specifics of the reverse cash and carry are: 

Description Today In 9 months 

Long forward, resulting 

   from customer purchase 

 

0 

 

0,T T
S F  

Sell short tailed position 

   of the index 

 

0
TS e   

 

T
S  

Lend 0
TS e   0

TS e   ( )
0

r TS e   

Total 0 ( )
0 0,

r T
T

S e F   

  Using the given numbers, we have: 

Description Today In 9 months 

Long forward, resulting 

   from customer purchase 

 

0 

 

$1,129.26
T
S   

Sell short tailed position 

   of the index 

$1,100 .9888  

1087.69  

 

T
S  

Lend $1,087.69  $1,087.69  0.05 0.75$1,087.69

$1,129.26

e 


 

Total 0 0 

  Therefore, the market maker is perfectly hedged. He does not have any risk in the future, because he 

has successfully created a synthetic short position in the forward contract. 
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3.  With dividends reinvested, buying Te units today will grow to 1 unit in T years. The cash and carry 

table is: 

Description Today In 9 months 

Short forward, resulting 

   from customer purchase 

 

0 

 

0,T T
F S  

Buy tailed position in index 
0

TS e   
T
S  

Borrow 
0

TS e   
0

TS e   ( )
0

r TS e    

Total 0 ( )
0, 0

r T
T

F S e    

  Specifically, we have: 

Description Today In 9 months 

Short forward, resulting 
   from customer purchase 

 
0 

 

$1,129.26
T
S  

Buy tailed position  

   in index 

$1,100 .9888   

$1,087.69   

 

T
S  

Borrow $1,087.69 $1,087.69 0.05 0.75$1,087.69

$1,129.26

e  

 
 

Total 0 0 

  Again, the market maker is perfectly hedged. He does not have any index price risk in the future, 

because he has successfully created a synthetic long position in the forward contract that perfectly 

offsets his obligation from the sold forward contract. 

 Question 5.7 

We need to find the fair value of the forward price first. With the numbers given, we have: 

0 05 0 5
0 0

$1 100 $1 100 1 02532 $1 127 85r T
T

F S e e   

             

1.  If we observe a forward price of 1135, we know that the forward is too expensive, relative to the fair 

value we’ve determined. Therefore, we will short the forward contract at 1135, and create a long 

position in a synthetic forward (which has an implied price of 1,127.85). The synthetic long position 

is created by cash and carry. We should make a sure profit of $7.15. We verify this with the following 

table: 

Description Today In 9 months 

Short forward 0 $1,135.00
T
S  

Buy position in index $1,100 
T
S  

Borrow $1,100 $1,100 $1,127.85  

Total 100 $7.15 

  This position requires no initial investment, has no index price risk, and has a strictly positive payoff. 

We have exploited the mispricing with a pure arbitrage strategy. 
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2.  If we observe a forward price of 1115, we know that the forward is too cheap, relative to the fair 

value we have determined. Therefore, we will buy (i.e., go long) the forward at 1115, create a 

synthetic short forward at 1127.85, and make a sure profit of $12.85. The synthetic short forward is 
achieved by engaging in a reverse cash and carry: 

Description Today In 9 months 

Long forward 0 $1,115.00
T
S   

Short position in index $1,100 
T
S  

Lend $1,100 $1,100 $1,127.85  

Total 0 $12.85 

  This position requires no initial investment, has no index price risk, and has a strictly positive payoff. 

We have exploited the mispricing with a pure arbitrage strategy. 

 Question 5.8 

We need to find the fair value of the forward price first. With the numbers given, we have:  

( ) (0 05 0 02) 0 5
0 0

$1 100 $1 100 1 01511 $1 116 62r T
T

F S e e      

             

1.  If we observe a forward price of 1120, we know that the forward is too expensive, relative to the fair 

value we have determined. Therefore, we will sell the forward at 1120, and create a synthetic forward 

for 1116.82, making a sure profit of $3.38. Our cash and carry has a tailed position due to the positive 
dividend yield: 

Description Today In 9 months 

Short forward 0 $1,120.00
T
S  

Buy tailed position  

  in index 

$1,100 .99   

$1,089.055   

 

T
S  

Borrow $1,089.055 $1,089.055 $1,116.62  

Total 0 $3.38 

  This position requires no initial investment, has no index price risk, and has a strictly positive payoff. 

We have exploited the mispricing with a pure arbitrage strategy. 

2.  If we observe a forward price of 1110, we know that the forward is too cheap, relative to the fair 

value we have determined. Therefore, we will buy the forward at 1110, and create a synthetic short 

forward for 1116.62, thus making a sure profit of $6.62. As we buy the real forward, we engage in a 
reverse cash and carry arbitrage (remembering to tail the position in order to cover dividends): 

Description Today In 9 months 

Long forward 0 $1,110.00
T
S   

Sell short tailed position  
   in index 

$1,100 .99  
$1,089.055  

 

T
S  

Lend $1,089.055 $1,089.055  $1,116.62 

Total 0 $6.62 

  This position requires no initial investment, has no index price risk, and has a strictly positive payoff. 

We have exploited the mispricing with a pure arbitrage strategy. 
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 Question 5.9 

1.  A money manager could take a large amount of money, travel back to 1981, invest it at 12.5%, and 

instantaneously travel forward to 1982 to reap the benefits, i.e., the accrued interest. Then repeat the 

process as many times as possible. Our argument of time value of money breaks down. 

2.  If many money managers undertook this strategy, the large amount of funds they’d want to invest  

at 12.5% would drive the 1981 interest rates down.  

3.  Unfortunately, these arguments mean that costless and riskless time travel will not be invented. The 

same point can be made using almost any other financial asset. 



 Question 10.2 

1.  We will use risk-neutral pricing for this problem. Our risk-neutral probability of an up movement is  

( ) 04
*

8
0 4816

1 3 8

r he d e
p

u d

   
   

   
 

  The no-arbitrage value of the European call is: 

* * 04
0

[ (1 )] 35 0 4816 16 1958rh
u d

C e C p C p e           

  For the replicating strategy, the option’s delta is 35 50 0 70.      We can use the option value  
result to solve for the bond amount (once again, no memorization required). The option value is the 
total cost of replication. The cost of 0.7 shares is $70. Since the option value is $16.1958, we must 
borrow $70 $16.1958 $53.8042,   i.e., $53.8042.B    

2.  If we observe a price of $17, then the option price is too high relative to its theoretical value. We sell 

the option for $17 and synthetically create a call option for $16.196. In order to do so, we buy 0.7 units 

of the share and borrow $53.804. These transactions yield no risk and a profit of $0.804. 
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3.  If we observe a price of $15.50, then the option price is too low relative to its theoretical value.  

We buy the option and synthetically create a short position in the option (we’ll receive $16.1958).  

In order to do so, we short 0.7 shares and lend $53.8042. These transactions yield no risk and a  

profit of $0.696. 

 Question 10.3 

1.  We will use risk-neutral pricing for this problem. Our risk-neutral probability of an up movement is 

( ) 04
*

8
0 4816

1 3 8

r he d e
p

u d

   
   

   
 

  The no-arbitrage value of the European put is: 

* * 04
0

[ (1 )] 15 0 5184 7 4708rh
u d

P e P p P p e           

  For the replicating strategy, the option’s delta is 15 50 0 30.        We can use the option value 

result to solve for the bond amount (once again, no memorization required). The option value is the 

total cost of replication. By shorting 0.3 shares, we receive $30. Since the option value is $7.4708,  

we must lend $37.4708, i.e., B  $37.4708. 

2.  If we observe a price of $8, then the option price is too high relative to its theoretical value. We sell 

the option for $8 and synthetically create a long put option for $7.471. In order to do so, we short  

0.3 units of the share and lend $37.4708. These transactions yield no risk and a profit of $0.5292. 

3.  If we observe a price of $6, then the put option price is too low relative to its theoretical value. We 

buy the option and synthetically create a short position in the option (we’ll receive $7.4708). In order 

to do so, we buy 0.3 units of the share and borrow $37.4708. These transactions yield no risk and a 

profit of $1.4708. 

 Question 10.4 

The stock prices evolve according to the following picture: 

 

Since we have two binomial steps, and a time to expiration of one year, h is equal to 0.5. Therefore, we 

can calculate with the usual formulas for the respective nodes: 

0

0, 100 1, 80 1, 130

0.691 0.225 1

49.127 13.835 91.275

19.994 4.165 38.725
d u

t S t S t S

B B B
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