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Answer 1: 

The yield-to-maturity per semiannual period is 0.0257 (= 0.0514/2). The coupon payment per period 

is 1.875 (= 3.75/2). At the beginning of the period, there are 27 years (54 semiannual periods) to 

maturity. The fraction of the period that has passed is 61/184. Th e full price at that yield-to-maturity 

is 80.501507 per 100 of par value. 

 

Raise the yield-to-maturity from 5.14% to 5.19%—therefore, from 2.57% to 2.595% per semiannual 

period—and the price becomes 79.886293 per 100 of par value. 

 

Lower the yield-to-maturity from 5.14% to 5.09%—therefore, from 2.57% to 2.545% per semiannual 

period—and the price becomes 81.123441 per 100 of par value. 

 

The approximate annualized modified duration for the Treasury bond is 15.368. 

 

The approximate annualized Macaulay duration is 15.763. 

ApproxMacDur = 15.368 × 1.0257 = 15.763    

Therefore, from these statistics, the investor knows that the weighted average time to receipt of 

interest and principal payments is 15.763 years (the Macaulay duration) and that the estimated loss 

in the bond’s market value is 15.368% (the modified duration) if the market discount rate were to 

suddenly go up by 1% from 5.14% to 6.14%.    

 

 

Answer 2: 

PV0 = 926.1,  PV+  = 871.8,  PV−  = 973.5, and Δ Curve = 0.0100. The effective duration of the 

pension scheme’s liabilities is 5.49. 

 

This effective duration statistic for the pension scheme’s liabilities might be used in asset allocation 

decisions to decide the mix of equity, fixed income, and alternative assets.   

 

 

Answer 3: 

1. Bond A:  
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Bond B: 

PV0= 51.304203   PV+=  51.277694 

 

Bond C: 

 

 

2. Despite the significant differences in times-to-maturity (10, 20, and 30 years), the approximate 

modified durations on the three bonds are fairly similar (4.768, 5.169, and 5.063). Because the yields-

to-maturity are so high, the additional time to receipt of interest and principal payments on the 20- 

and 30-year bonds have low weight. Nevertheless, Bond B, with 20 years to maturity, has the highest 

modified duration. If the yield-to-maturity on each is decreased by the same amount—for instance, 

by 10 bps, from 20% to 19.90%—Bond B would be expected to have the highest percentage price 

increase because it has the highest modified duration. This example illustrates the relationship 

between the Macaulay duration and the time-to-maturity on discount bonds in  Exhibit 7 . The 20-

year bond has a higher duration than the 30-year bond.    
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Answer 4: 

1. The average (annual) modified duration for the portfolio is 6.0495. 

 

Note that the annual modified duration for each bond is the annual Macaulay duration, which is 

given, divided by one plus the yield-to-maturity per semiannual period.    

2. The estimated decline in market value if each yield rises by 20 bps is 1.21%: −6.0495 × 0.0020 = 

−0.0121.    

 

 

Answer 5: 

There are 15 years from the beginning of the current period on 4 April 2014 to maturity on 4 April 

2029.   

1) The full price of the bond is 99.956780 per 100 of par value. 

 

2) PV+ = 99.869964, and PV− = 100.043703. 

 
The approximate modified duration is 8.6907. 

 

The approximate convexity is 107.046. 

 

3) The convexity-adjusted percentage price drop resulting from a 100 bp increase in the yield-to-

maturity is estimated to be 8.1555%. Modified duration alone estimates the percentage drop to be 

8.6907%. The convexity adjustment adds 53.52 bps. 

 

4) The new full price if the yield-to-maturity goes from 7.44% to 8.44% on that settlement date is 

91.780921. 
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The actual percentage change in the bond price is –8.1794%. The convexity-adjusted estimate is –

8.1555%, whereas the estimated change using modified duration alone is –8.6907%.      

 

 

Answer 6: 

Calculate the estimated percentage price change for each bond 

 

Based on these assumed changes in the yield-to-maturity and the modified duration and convexity 

risk measures, Bond C has the highest degree of interest rate risk (a potential loss of 1.2311%), 

followed by Bond A (a potential loss of 0.9262%) and Bond B (a potential loss of 0.8669%).     

 

 

Answer 7: 

 

Substitute back in (a) to get X = 5.50877       

Hence the values of the zero-coupon bonds are £5.50877 million and £13.79688 million. 
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[Or note that since the assets have terms of 5 years and 20 years and the liabilities have terms of 8 

years and 15 years, the spread of assets around the mean term is greater than that of the liabilities. 

Hence, the convexity of assets is greater than the convexity of liabilities]. 

 

 

Answer 8: 
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Hence company should purchase £1,783,470 nominal of security A and £255,287 nominal of security 

B for Redington’s first two conditions to be satisfied.  

  

(iv) Redington’s third condition is that the convexity of the asset cash flow series is greater than the 

convexity of the liability cash flow series. Therefore the convexities of the asset cash flows and the 

liability cash flows will need to be calculated and compared.    

 

 

Answer 9: 

(i)  No, because the spread (convexity) of the liabilities would always be greater than the spread 

(convexity) of the assets then the 3rd Redington condition would never be satisfied.   

(ii)  Work in £millions  

Let proceeds from four-year bond = X    

Let proceeds from 20-year bond = Y  
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Answer 10: 

(i) The present value of the assets is equal to the present value of the liabilities at the starting rate of 

interest.  

The duration /discounted mean term/volatility of the assets is equal to that of the liabilities.  

The convexity of the assets (or the spread of the timings of the asset cashflows) around the 

discounted mean term is greater than that of the liabilities. 

 

 



 
 

 

9 

UNIT 3 & 4  

ASSIGNMENT 2  

 

 

 

 

  

 


