3/15/99

Midterm 1 Answer Key

1) (Joon Chae)

a. False:  The first sentence is correct, but second one is wrong.  Investors can have different information and forecasts but agree on market value.  Most of students got this problem.

b. True:  When we calculate (modified) duration, we assume the interest rate (y) is constant, that is, flat term structure.  In real world, this is not true.  If you mentioned dynamic hedging strategy and say false, I considered it a correct answer.

c. False:  More risk, more return.  

d. False:  Intuitively, if a firm expands in a stupid way, then even though its earnings and assets may expand, the stock price (a measure of a firm’s future performance) will decline.  We can check this in the PVGO equation below.  When ROE is larger than cost of capital, PVGO can be positive and P/E can be higher.

True:  If you correctly mentioned the PVGO equation, ROE, and cost of capital, then it can be considered a correct answer.
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e. False:  The risk of longer period cash flow is taken care of by compounding.  There is no reason to use a higher discount rate.  Professor Myers told about this in his review session.

2) (Wes Chan)

This was the market value question Professor Myers warned you about in class. Part b) of the information given is irrelevant.  The TI stock is expected to pay dividends and grow in value, but it will also be discounted at the same rate due to the riskiness of its returns.  This is just another way of saying that the value of TI stock at 18 months from now takes all of this into account.

However, there was a second part of the question, dealing with part a).  You will receive $10 million in value for sure in 18 months.  Therefore, it should be discounted by the riskless rate, to get the present value.  

For example, we might discount by 5%, for 1.5 years (18 months):
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Most people realized that b) was irrelevant.  Unfortunately, many of you discounted the sure cashflow back by the equity discount rate. 

Some of you interpreted a) and b) as 2 questions.  This was ignored when grading, as long as you answered the true question of the present value of the bequest.

Some of you also calculated the future value of stock, then discounted back to 18 months from now at same rate.  This should give you same answer at 18 months, which would need to be discounted again to the present.

3) (Steve Chadwick)

There are as many possible answers to this question as there are assumptions about the timing of the cash flows, but full credit was given so long as the calculation method made sense.  In general there were two ways to go about the problem; brute force or the annuity formula.  The brute force method is to calculate each year t’s sales (which decrease by a factor of 0.95 each year so Sales=$12x15000x0.95t if we assume the decline to begin at the end of year 1), then discount by a factor of 1.08t.  The spreadsheet below illustrates some possible outcomes using this method.

A better way, however, is to use the Annuity Formula (which is actually just the difference between two perpetuities.)  This formula can be written: 

PV = [C1/(r-g)] * [1 – ((1+g)t / (1+r)t)]

If you use this formula and plug in the following values: r = 0.08, g = -0.05, T=12, C1=$180,000 you should get the value $1,087,498.49.   This correct answer corresponds to the assumption that cash flows come at the end of the year and that the reduction in sales begins at that time as well.

Some students used the mid-year convention to split the difference between the main timing assumptions (beginning of year vs. end of year).  This is perfectly OK, though more work than was necessary for full credit.  The best way to use the mid-year convention here is to calculate the value of the annuity in the case that both cash flows and sales declines occur at the end of the year.  Then multiply the final result by (0.95 * (1.08 to pull these events forward (i.e. un-discount them) by six months.  If you did this correctly the final value for the oil wells was $1,101,545.25.

Finally, the really ambitious students made the assumption that cash flows and sales declines were continuous events, which makes the calculation a bit tricky.  In this case there is only one right answer (which is probably the best answer): $1,102,300.  If you went down this road and got something different we were pretty lenient so long as the general approach followed the right path.  The derivation of this solution is left up to you as a brain teaser, but here’s a hint:  What happens with the annuity formula if you break up the year into 365 days and use daily discount and growth rates instead of annual ones? 


[image: image2.wmf]Assuming Decline in Sales Begins At End of Year 1

Year

Barrels of Oil

Sales

Discount Factor if 

Cash Flows at End

PV of Sales if 

Cash Flows at End

Discount Factor if Cash 

Flows at Beginning

PV of Sales if Cash 

Flows at Beginning

1

15000.00

$180,000.00

1.08

$166,666.67

1.00

$180,000.00

2

14250.00

$171,000.00

1.17

$146,604.94

1.08

$158,333.33

3

13537.50

$162,450.00

1.26

$128,958.05

1.17

$139,274.69

4

12860.63

$154,327.50

1.36

$113,435.32

1.26

$122,510.15

5

12217.59

$146,611.13

1.47

$99,781.07

1.36

$107,763.55

6

11606.71

$139,280.57

1.59

$87,770.38

1.47

$94,792.01

7

11026.38

$132,316.54

1.71

$77,205.43

1.59

$83,381.86

8

10475.06

$125,700.71

1.85

$67,912.18

1.71

$73,345.16

9

9951.31

$119,415.68

2.00

$59,737.57

1.85

$64,516.57

10

9453.74

$113,444.89

2.16

$52,546.94

2.00

$56,750.69

11

8981.05

$107,772.65

2.33

$46,221.84

2.16

$49,919.59

12

8532.00

$102,384.02

2.52

$40,658.10

2.33

$43,910.75

$1,087,498.49

$1,174,498.37

Assuming Decline in Sales Begins Immediately

Year

Barrels of Oil

Sales

Discount Factor if 

Cash Flows at End

PV of Sales if 

Cash Flows at End

Discount Factor if Cash 

Flows at Beginning

PV of Sales if Cash 

Flows at Beginning

1

14250.00

$171,000.00

1.08

$158,333.33

1.00

$171,000.00

2

13537.50

$162,450.00

1.17

$139,274.69

1.08

$150,416.67

3

12860.63

$154,327.50

1.26

$122,510.15

1.17

$132,310.96

4

12217.59

$146,611.13

1.36

$107,763.55

1.26

$116,384.64

5

11606.71

$139,280.57

1.47

$94,792.01

1.36

$102,375.38

6

11026.38

$132,316.54

1.59

$83,381.86

1.47

$90,052.41

7

10475.06

$125,700.71

1.71

$73,345.16

1.59

$79,212.77

8

9951.31

$119,415.68

1.85

$64,516.57

1.71

$69,677.90

9

9453.74

$113,444.89

2.00

$56,750.69

1.85

$61,290.75

10

8981.05

$107,772.65

2.16

$49,919.59

2.00

$53,913.16

11

8532.00

$102,384.02

2.33

$43,910.75

2.16

$47,423.61

12

8105.40

$97,264.82

2.52

$38,625.20

2.33

$41,715.21

$1,033,123.56

$1,115,773.45


4)  (Li Jin)

In this question Q is saving to buy a house in the future. She faces two types of uncertainty: the interest rate is uncertain and the inflation rate is also uncertain. Whether strategy a or b is safer depends on both.

If there is little uncertainty in inflation, then clearly strategy a is safer; if there is a lot of uncertainty in inflation, then maybe strategy b is safer. This will be especially true if the inflation and short-term interest rate (as represented in the T-bill rate) move together, because then the rolling over T bills will be effectively hedging the inflation risk, and thus b is safer.

Many people confuse “safer” with “higher return on investment”. Some talk about term structure and how that make one strategy more desirable than the other. But since they are not addressing issue being asked (which one is safer), they missed the point and did not get much credit.

5) (Li Jin)  

There are two ways to do this problem:

The direct way to do it is to use the formula we have in class:

(1+y27/2)54(1+27f28) =(1+y28/2)56, where y27 = 5.86%, y28 = 5.83%

this gives 27f28 = 5.085%, or, if converting into semiannual compounding, it is 5.022%.
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Another way to do this is to calculate the effective annual rate of return, either from the semiannually compounding yield, or from the price:

And 
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Which gives r27 = 5.94% and r28= 5.92%. Plugging these back into the basic formula,
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(1+r27)27(1+27f28) = (1+r28)28
and we get 27f28 = 5.15%

Notice the difference between the answers from the two approaches. This is due to the approximation we made about the maturity dates being exactly 27 and 28 years from now.

Many people forgot that treasury strips are semiannually compounded, and they lost some points for that.

6) (Steve Chadwick & Wes Chan) 

This was a simple present value calculation, with a twist- there is a possibility of the mine having only a 3 years of cash flow instead of 5.  The way to start was by mapping out the cashflows:

Time:
|-----------------|-----------------|------------------|-----------------|-----------------

jan 2000
jan 2001
jan 2002
jan 2003
jan 2004

Cash:
($100,000(
($100,000(
($100,000(
($100,000(
($100,000(

Probability:
100%

100%

100%

50%

50%


[image: image8.wmf]You could do this in several ways.  One way is to calculate the 2 separate case (mine closes early, mine continues to end of 2004) and then weight each outcome by 50% (take the expected value).  Another way is:

[image: image9.wmf]You could also assume the mid-year convention:

Many students made mistakes in getting the timing of the cash flows right, often using four rather than five payments.  If the general method was right, however, 7 out of the 10 points were given.

7) (Steve Chadwick)

A. 7 Points

As we all know, when the yield curve shifts up or down the values of existing bonds (or other cash flow streams) move in the opposite direction by some amount.  For small shifts this amount can be approximated by using the modified duration—but this is only an approximation!  The more the curve shifts, the less accurate is this linear approximation.  To correct this error we may measure another bond property called the convexity, whose definition is that it is the change in the duration for a shift in the yield curve.  In other words, it is the derivative of the duration with respect to yield, or the 2nd derivative of price with respect to yield.

Knowing the convexity of a bond (or portfolio of cash flows) allows us to better understand how its value will change as yields change.  In fact this is not the end of the price versus yield curve story!  There are further moments beyond duration and convexity which would allow even more accurate price prediction, particularly if the yield curve twists, inverts, or otherwise goes funky.  Although these are beyond the scope of 15.415, those who are interested in learning more about this subject may be interested in Professor Cox’s 15.438 Investment Banking course.

Full points were awarded for those who covered all of the points made in the first paragraph above, either verbally or through a diagram.  One or two points were deducted for failing to give the mathematical definition of convexity (2nd derivative, or change in duration for a change in yield, etc.) if it seemed that the general idea was right.  On the flip side, a definition without some explanation of convexity’s significance would lose one point.  Answers that seemed to have some merit but weren’t quite on target received between 1 and 4 points while one charity point was awarded for a well labeled sketch that might have some bearing on the subject.

B. 6 Points

The unambiguous answer to this question is “Yes.”  If you wrote that, you got at least one point for it.  The reason why convexity is relevant to this hedging strategy is that the prices of the lease payments and the bond hedge do not react in the same way to large shifts in the yield curve (even though we are duration matched).  In fact, duration matching is only accurate for infinitesimally small shifts.  The degree to which the hedging strategy wanders off as yields move depends on the convexities of the two bonds (as discussed in part A.)   

By occasionally adjusting the hedge we can make sure that the durations of the two instruments stay approximately equal even as yields move around.  For this reason many students answered “No,” thinking that such dynamic hedging would avoid the convexity issue entirely.  In fact convexity is still relevant even if we don’t notice it.  As shown in part A, the convexity is the derivative of the duration with respect to yield.  In other words it determines the amount by which the two instruments’ durations will change as the yield moves—so recalculating our hedge is actually a measurement of convexity in disguise!

Answers that discussed dynamic hedging received at least 2 points, while more thorough discussions of the relevance of convexity received between 2 and 6 points depending on the degree of understanding displayed.
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_982934135.unknown
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_983103085.xls
Sheet1

		Assuming Decline in Sales Begins At End of Year 1

		Year		Barrels of Oil		Sales		Discount Factor if Cash Flows at End		PV of Sales if Cash Flows at End		Discount Factor if Cash Flows at Beginning		PV of Sales if Cash Flows at Beginning

		1		15000.00		$180,000.00		1.08		$166,666.67		1.00		$180,000.00

		2		14250.00		$171,000.00		1.17		$146,604.94		1.08		$158,333.33

		3		13537.50		$162,450.00		1.26		$128,958.05		1.17		$139,274.69

		4		12860.63		$154,327.50		1.36		$113,435.32		1.26		$122,510.15

		5		12217.59		$146,611.13		1.47		$99,781.07		1.36		$107,763.55

		6		11606.71		$139,280.57		1.59		$87,770.38		1.47		$94,792.01

		7		11026.38		$132,316.54		1.71		$77,205.43		1.59		$83,381.86

		8		10475.06		$125,700.71		1.85		$67,912.18		1.71		$73,345.16

		9		9951.31		$119,415.68		2.00		$59,737.57		1.85		$64,516.57

		10		9453.74		$113,444.89		2.16		$52,546.94		2.00		$56,750.69

		11		8981.05		$107,772.65		2.33		$46,221.84		2.16		$49,919.59

		12		8532.00		$102,384.02		2.52		$40,658.10		2.33		$43,910.75

										$1,087,498.49				$1,174,498.37

		Assuming Decline in Sales Begins Immediately

		Year		Barrels of Oil		Sales		Discount Factor if Cash Flows at End		PV of Sales if Cash Flows at End		Discount Factor if Cash Flows at Beginning		PV of Sales if Cash Flows at Beginning

		1		14250.00		$171,000.00		1.08		$158,333.33		1.00		$171,000.00

		2		13537.50		$162,450.00		1.17		$139,274.69		1.08		$150,416.67

		3		12860.63		$154,327.50		1.26		$122,510.15		1.17		$132,310.96

		4		12217.59		$146,611.13		1.36		$107,763.55		1.26		$116,384.64

		5		11606.71		$139,280.57		1.47		$94,792.01		1.36		$102,375.38

		6		11026.38		$132,316.54		1.59		$83,381.86		1.47		$90,052.41

		7		10475.06		$125,700.71		1.71		$73,345.16		1.59		$79,212.77

		8		9951.31		$119,415.68		1.85		$64,516.57		1.71		$69,677.90

		9		9453.74		$113,444.89		2.00		$56,750.69		1.85		$61,290.75

		10		8981.05		$107,772.65		2.16		$49,919.59		2.00		$53,913.16

		11		8532.00		$102,384.02		2.33		$43,910.75		2.16		$47,423.61

		12		8105.40		$97,264.82		2.52		$38,625.20		2.33		$41,715.21

										$1,033,123.56				$1,115,773.45
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