Chapter 13 - Duration and Reinvestment Concepts


SOLUTIONS MANUAL

CHAPTER 13

DURATION AND REINVESTMENT CONCEPTS

Answers to Text Discussion Questions

1. Why is the weighted average life of a bond less than the maturity date?

13-1.
Because weighted average life also considers the timing of the coupon payments as well as the final maturity value.

2. Define duration.

13-2.
Duration represents the weighted average life of the bond where the weights are based on the present value of the individual cash flows relative to the present value of the total cash flow.

3. How can duration be used to determine a rough measure of the percentage change in the price of a bond as a result of interest rate changes?

13-3.
Multiply duration times the change in interest rates and reverse the sign. As indicated in footnote four, the process may be slightly improved by using modified duration.

4. Comment on the statement, “It is possible that a bond with a shorter maturity than another bond may actually have a longer duration and be more price sensitive to interest rate changes.” Explain why a bond with a shorter maturity than another bond could have a longer duration.

13-4.
The bond with the shorter maturity may have lower coupon payments and possibly a longer duration. As indicated in the chapter, an eight percent 20 year bond has a longer duration then a twelve percent 25 year bond (based on a 12 percent market rate of interest).

5. As market rates of interest become higher, what impact does this have on duration?

13-5.
Duration becomes shorter. Duration and market rates of interest are inversely related.

6. What happens to duration as the coupon rate on a bond issue declines from 12 percent to 0 percent with the maturity date remaining constant?

13-6.
The duration increases. Duration and coupon rates are inversely related.

7. Why are the maturity date and duration the same for a zero-coupon bond?

13-7.
Because the weighted life of a zero-coupon bond is the same as the maturity date. By definition, there are no payments prior to maturity for a zero-coupon bond.

8. Should an investor who thinks interest rates are going down seek low or high coupon rate bonds? Relate your answer to duration and price sensitivity.

13-8.
He or she should seek low coupon rate bonds, which have a longer duration than high coupon rate bonds (all else being equal). Longer duration means greater price sensitivity, thus larger capital gains from an interest rate decrease.

9. Why are zero-coupon bonds the most price sensitive of any type of bond issue?

13-9.
Zero-coupon bonds are the most sensitive because duration is the largest value possible. It equals maturity. This is consistent with the inverse relationship between duration and coupon payments (where coupon payments are zero).

10. Why is the reinvestment rate assumption critical to bond portfolio management?

13-10.
The reinvestment rate determines the ultimate value of the portfolio. It may well be different from the computed yield on the instrument. Furthermore, the funds from reinvested interest are likely to be much larger than the actual interest payments themselves over a long period of time.

11. What is a terminal wealth table? How is terminal wealth analysis different from the realized yield approach in Chapter 12?

13-11.
A table that generates the ending value of an investment at the end of each year assuming the bond has a maturity date corresponding to that year. It explicitly considers the reinvestment rate for incoming cash flows.

Terminal wealth analysis is a way of analyzing the reinvestment assumption when bonds are held to maturity, while the realized yield approach assumes that bonds are actively traded to take advantage of interest rate savings.

12. Why is it said that zero-coupon bonds lock in the reinvestment rate?

13-12.
Zero-coupon bonds lock in the reinvestment rate because there is no interest during the life of the bonds to be reinvested (at perhaps a different rate than the original yield). The original yield is effectively the reinvestment rate as long as the bonds are held to maturity. As an example, if you are receiving a 12 percent yield for 15 years on a zero-coupon bond, $183 will grow annually at 12 percent to achieve a maturity value of $1,000.
13. Is the locked-in reinvestment assumption valid for zero-coupon bonds if they are sold before maturity? Explain.

13-13. The locked-in investment assumption is not valid for zero-coupon rate bonds if they are sold before maturity. If interest rates have gone up, you will receive less than the original yield. If interest rates have gone down, you will receive more. In either event, the reinvestment rate cannot be perceived as being locked in if a sale takes place before maturity.
PROBLEMS

Weighted average life
1. Compute the simple weighted average life for the following data. Use an approach similar to that in Table 13–1 .
	Year
	Cash Flow

	1
	$ 105

	2
	105

	3
	105

	4
	105

	5
	105

	5
	$1,000


13-1.

	(1)
	(2)
	(3)
	(4)

	Year, t
	Cash Flow
	Annual Cash Flow (2) ( Total Cash Flow
	Year X Weight (1 × 3)

	1
	$  105
	  .0689
	  .0689

	2
	    105
	  .0689
	  .1378

	3
	    105
	  .0689
	  .2067

	4
	    105
	  .0689
	  .2756

	5
	    105
	  .0689
	  .3445

	5
	1,000
	  .6557
	3.2785

	
	$1,525
	1.0002
	4.3120

	
	
	or
	

	
	
	1.0000
	


Duration
2. Compute the duration for the data in problem 1. Use an approach similar to that in Table 13–2. A discount rate of 13 percent should be applied.

13-2.

	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	Year, t
	Cash Flow (CF)
	PV Factor at 13%
	PV of Cash Flow (CF)
	PV of Annual Cash Flow (4) ( Total PV of Cash Flow
	Year X Weight (1 × 5)

	1
	$ 105
	.885
	$ 92.93
	  .1019
	  .1019

	2
	   105
	.783
	   82.22
	  .0901
	  .1802

	3
	   105
	.693
	   72.77
	  .0798
	  .2394

	4
	   105
	.613
	   64.37
	  .0706
	  .2824

	5
	   105
	.543
	   57.02
	  .0625
	  .3125

	5
	1,000
	.543
	 543.00
	  .5952
	2.9760

	
	
	
	$912.31
	1.0001
	4.0924

	
	
	
	↑
	or
	↑

	
	
	
	Total PV of Cash Flows
	
	1.0000           Duration


Price sensitivity
3. As part of your answer to problem 2, you computed the price of the bond [column (4)]. This is the same as the PV of cash flows in column (4).

a. Recompute the price of a bond based on a 11 percent discount rate (market rate of interest).

b. What is the percentage change in the price of the bond as interest rates decline by 2 percent from 13 percent to 11 percent?

c. Approximate this same value by multiplying the duration computed in problem 2 times the change in interest rates (2 percent). The answer in part c should come reasonably close to the answer in part b. However, they will not be exactly the same.

13-3.


a)

	Year, t
	Cash Flow (CF)
	PV Factor At 11%
	PV of Cash Flow

	1
	$  105
	.901
	$ 94.61

	2
	    105
	.812
	   85.26

	3
	    105
	.731
	   76.76

	4
	    105
	.659
	   69.20

	5
	    105
	.593
	   62.27

	5
	1,000
	.593
	 593.00

	
	
	
	$981.10

	
	
	
	↑

	
	
	
	Total PV Of Cash Flows



b) New price

$981.10


Beginning price
-912.31

Price increase
$ 68.79
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c) 4.0924 × 2% = 8.18%

Comparative duration
4. a. Compute the duration for the following data. Use a discount rate of 13 percent.

	Year
	Cash Flow

	1
	$  50

	2
	50

	3
	50

	4
	50

	5
	50

	5
	$1,000


b. Explain why the answer to part a is higher than the answer to problem 2.

c. If in part a the discount rate were 10 percent instead of 13 percent, would duration be longer or shorter? You do not need to actually compute a value; merely indicate an answer based on the discussion material in the text.

13-4.
a)

	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	Year, t
	Cash Flow (CF)
	PV Factor at 13%
	PV of Cash Flow (CF)
	PV of Annual Cash Flow (4) ( Total PV of Cash Flow
	Year X Weight (1 × 5)

	1
	$   50
	.885
	$ 44.25
	  .0616
	  .0616

	2
	     50
	.783
	   39.15
	  .0545
	  .1090

	3
	     50
	.693
	   34.65
	  .0482
	  .1446

	4
	     50
	.613
	   30.65
	  .0426
	  .1704

	5
	     50
	.543
	   27.15
	  .0378
	  .1890

	5
	1,000
	.543
	 543.00
	  .7554
	3.7770

	
	
	
	$718.85
	1.0001
	4.4516

	
	
	
	↑
	or
	↑

	
	
	
	Total PV of Cash Flows
	1.0000
	Duration



b) The higher duration in 4.a. is a result of the lower coupon rate (5% in 4.a. versus 10.5% in problem 2). Lower coupon rates mean a relatively larger percentage of cash flow will come in the last year with the maturity payment. This leads to a longer duration or weighted average life.


c) Duration and discount rates (or market rates of interest) are inversely related. Thus, a smaller discount rate will mean a longer duration.

Comparative duration
5. You are considering the purchase of two $1,000 bonds. Your expectation is that interest rates will drop, and you want to buy the bond that provides the maximum capital gains potential. The first bond has a coupon rate of 6 percent with four years to maturity, while the second has a coupon rate of 14 percent and comes due six years from now. The market rate of interest (discount rate) is 8 percent. Which bond has the best price movement potential? Use duration to answer the question.

13-5.
a) 
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	Year, t
	Cash Flow (CF)
	PV Factor at 8%
	PV of Cash Flow (CF)
	PV of Annual Cash Flow (4) ( Total PV of Cash Flow
	Year X Weight (1 × 5)

	1
	$   60
	.926
	$  55.56
	  .0595
	   .0595

	2
	     60
	.857
	    51.42
	  .0551
	   .1102

	3
	     60
	.794
	    47.64
	  .0510
	   .1530

	4
	     60
	.735
	    44.10
	  .0472
	   .1888

	4
	1,000
	.735
	  735.00
	  .7872
	 3.1488

	
	
	
	$933.72
	1.0000
	 3.6603

	
	
	
	↑
	
	↑

	
	
	
	Total PV of Cash Flows
	
	Duration



b) 

	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	Year, t
	Cash Flow (CF)
	PV Factor at 8%
	PV of Cash Flow (CF)
	PV of Annual Cash Flow (4) ( Total PV of Cash Flow
	Year X Weight (1 × 5)

	1
	$  140
	.926
	$  129.64
	  .1015
	  .1015

	2
	    140
	.857
	    119.98
	  .0939
	  .1878

	3
	    140
	.794
	    111.16
	  .0870
	  .2610

	4
	    140
	.735
	    102.90
	  .0806
	  .3224

	5
	    140
	.681
	      95.34
	  .0746
	  .3730

	6
	    140
	.630
	      88.20
	  .0691
	  .4146

	6
	1,000
	.630
	    630.00
	  .4933
	2.9598

	
	
	
	$1,277.22
	1.0000
	4.6201

	
	
	
	(
	
	(

	
	
	
	Total PV of Cash Flows
	
	Duration



The 14 percent, 6 year bond has the longer duration and the best price movement potential. Note that the duration of the bonds (3.6603 versus 4.6201) is much closer than the maturity (6 years versus 4 years). This is because the shorter maturity bond benefits somewhat from the low coupon effect.

Comparative duration
6. Ted Bear thinks that recent Federal Reserve policy is going to push interest rates up. He is considering keeping only one of the three bonds in his portfolio. He knows that bond A has a duration of 5.3128, bond B has a duration of 3.2056, and bond C has the following characteristics:
	Par Value
	$1,000

	Life
	4 years

	Coupon rate
	5 percent

	Discount rate
	10 percent


Which one of the three bonds should he keep?

13-6.
To answer the question, you must first figure the duration of Bond C.

	(1)
	(2)
	(3)
	(4)
	(5)
	(6)

	Year, t
	Cash Flow (CF)
	PV Factor at 10%
	PV of Cash Flow (CF)
	PV of Annual Cash Flow (4) ( Total PV of Cash Flow
	Year X Weight (1 × 5)

	1
	$   50
	.909
	$ 45.45
	  .0540
	  .0540

	2
	     50
	.826
	   41.30
	  .0491
	  .0982

	3
	     50
	.751
	   37.55
	  .0446
	  .1338

	4
	     50
	.683
	   34.15
	  .0406
	  .1624

	4
	1,000
	.683
	 683.00
	  .8117
	3.2468

	
	
	
	$841.45
	1.0000
	3.6952

	
	
	
	↑
	
	↑

	
	
	
	Total PV of Cash Flows
	
	Duration


Because interest rates are expected to go up and bond prices are expected to go down, Mr. Bear should hold on to the bond with the shortest duration. In this case, that would be Bond B.



Duration


Bond A
5.3128


*Bond B
3.2056


Bond C
3.6952


As an added comment, if he feels strongly that interest rates are going up, he may want to sell all three bonds.

Comparative duration
7. Assume you desire maximum duration to take advantage of anticipated interest rate declines. Answer the following questions based on information taken from Tables 13–6 and 13–7.

a. Would you prefer an 8 percent coupon rate bond with a 20-year maturity or a 12 percent coupon rate bond with a 25-year maturity? The market rate of interest is 8 percent.

b. Would you prefer an 8 percent coupon rate bond with a 20-year maturity or a 4 percent coupon rate bond with a 25-year maturity? The market rate of interest is 12 percent.

c. Would you prefer an 8 percent coupon rate bond with a 20-year maturity or a 12 percent coupon rate bond with a 25-year maturity? The market rate of interest is 12 percent.
13-7.
a) 8% Market rate of interest



Duration


8% Coupon rate, 20 year maturity
10.6038 (Table 13-6)


12% Coupon rate, 25 year maturity
10.8396 (Table 13-7)


Select the second bond. The lower market value of interest changes the answer.


b) 12% Market rate of interest



Duration


8% Coupon rate, 20 year maturity
8.9390 (Table 13-6)


4% Coupon rate, 25 year maturity
10.4912 (Table 13-7)


Select the second bond.


c) 12% Market rate of interest



Duration


8% Coupon rate, 20 year maturity
8.9390 (Table 13-6)


12% Coupon rate, 25 year maturity
8.7844 (Table 13-7)


Select the first bond. This bond has the longer duration, even though it has the shorter maturity.

Zero-coupon bond and duration
8. A 30-year, $1,000 par value zero-coupon bond provides a yield of 11 percent.

a. Compute the current price of the zero-coupon bond. (Hint: Simply take the present value of the ending $1,000 payment).

b. What is the duration of the bond?

c. Does the bond have a longer or shorter duration than a 50-year, 8 percent coupon rate bond, where the duration on the latter bond is based on a 12 percent market rate of interest (consult Table 13–6 ).

d. Assume you were going to put the zero-coupon bond(s) from part a in a nontaxable individual retirement account. If you wish to have $30,000 after 30 years, how much would you need to invest today?

e. If a $1,000 par value zero-coupon rate bond had a 40-year maturity and provided a yield of 13 percent, what would be the current price of the zero-coupon bond?

13-8.
a) Discount back $1,000 for 30 years at 11% - Appendix C
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b) For a zero-coupon rate bond, duration equals maturity. The answer is 30 years.


c) Duration for a 50-year, 8 percent coupon rate bond, with a 12 percent market rate of interest is 9.3716. The 30 year zero-coupon rate bond has a much longer duration.


d) 
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e) Discount back $1,000 for 40 years at 13% - Appendix C
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Return on zero-coupon bond
9. Assume you buy a 20-year, $1,000 par value zero-coupon bond that provides a 10 percent yield. Almost immediately after you buy the bond, yields go down to 8 percent.

a. What will be your gain on the investment?

b. What will be your percentage gain?

13-9.
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Yield on zero-coupon bond
10. You buy a zero-coupon bond for $200 and 15 years later sell it for $728.40. What rate of return did you earn?

13-10.
First determine the compound sum factor for the investment
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Next, go to Appendix A for 15 years (n = 15) and determine the interest rate (Yield) that is associated with the compound sum factors. The answer is 9 percent.

Reinvestment assumption
11. You have invested $1,000 in a 13 percent coupon bond that matures in five years. This bond is held in your individual retirement account, and you are not concerned about tax consequences. You are investing the interest income in a money market fund earning 8 percent. At the end of five years, what will be your portfolio sum? Follow the procedure in Table 13–10 (first eight columns).

13-11.

	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)

	Years To Maturity
	Principal
	Annual Coupon Interest
	Accumulated Interest (Beginning of Year)
	Reinvestment Rate on Interest
	Interest on Interest
	Total Annual Interest
	Portfolio Sum

	0.0
	$1,000
	
	
	
	
	
	

	1.0
	  1,000
	$130
	$ 0
	
	
	$130.00
	$1,130.00

	2.0
	  1,000
	 130
	130.00
	.08
	$10.40
	  140.40
	  1,270.40

	3.0
	  1,000
	 130
	270.40
	.08
	  21.63
	  151.63
	  1,422.03

	4.0
	  1,000
	 130
	422.03
	.08
	  33.76
	  163.76
	  1,585.79

	5.0
	  1,000
	 130
	585.79
	.08
	  46.86
	  176.86
	  1,762.65


Annual return with reinvestment assumption
12. In problem 11, what is the annual percentage return? Use Appendix A at the end of the book to help you find the answer. An approximation will be sufficient.
13-12.
$1,000 has grown to $1,762.65 after 5 years.
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Using Appendix A for n = 5 and a compound sum factor of 1.763, the answer is closest to 12%.
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