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Preface

For nearly 20 years, since the emergence of PCs, Lotus 1-2-3, and Microsoft Excel in the 1980's,
spreadsheet models have been the dominant vehicles for finance professionals in the business world to
implement their financial knowledge. Yet even today, most Corporate Finance textbooks rely on
calculators as the primary tool and have little (if any) coverage of how to build spreadsheet models. This
book fills that gap. It teaches students how to build financial models in Excel. It provides step-by-step
instructions so that students can build models themselves (active learning), rather than handing students
canned “templates’ (passive learning). It progresses from simple examples to practical, rea-world
applications. It spans nearly all quantitative models in corporate finance.

Why | Wrote This Book

My goal is simply to change finance education from being calculator based to being spreadsheet
modeling based. This change will better prepare students for the 21% century business world. This change
will increase student satisfaction in the classroom by allowing more practical, real-world applications and
by enabling a more hands-on, active learning approach.

There are many features which distinguish this book from anything el se on the market:

» Teach By Example. | believe that the best way to learn spreadsheet modeling is by working through
examples and completing a lot of problems. This book fully develops this hands-on, active learning
approach. Active learning is a well-established way to increase student learning and student
satisfaction with the course / instructor. When students build financial models themselves, they really
“getit.” Asl tell my students, “If you build it, you will learn.”

» Supplement For All Popular Corporate Finance Textbooks. This book is a supplement to be
combined with a primary textbook. This means that you can keep using whatever textbook you like
best. You don't have to switch. It also means that you can take an incremental approach to
incorporating spreadsheet modeling. You can start modestly and build up from there. Alternative
notation versions are available that match the notation of all popular corporate finance textbooks.

» Plain Vanilla Excel. Other books on the market emphasize teaching students programming using
Visual Basic for Applications (VBA) or using macros. By contrast, this book does everything in plain
vanilla Excel. Although programming is liked by a minority of students, it is seriously disliked by the
majority. Plain vanilla Excel has the advantage of being a very intuitive, user-friendly environment
that is accessible to al. It is fully capable of handling a wide range of applications, including quite
sophisticated ones. Further, your students aready know the basics of Excel and nothing more is
assumed. Students are assumed to be able to enter formulas in a cell and to copy formulas from one
cell to another. All other features of Excel (graphing, built-in functions, Solver, etc.) are explained as
they are used.

» Build From Smple Examples To Practical, Real-World Applications. The general approach is to
start with a simple example and build up to a practical, real-world application. In many chapters, the
previous spreadsheet model is carried forward to the next more complex model. For example, the
chapter on binomial option pricing carries forward spreadsheet models as follows:. (a.) single-period
model with replicating portfolio, (b.) eight-period model with replicating portfolio, (c.) eight-period
model with risk-neutral probabilities, (d.) full-scale, fifty-period model with volatilities estimated
from real returns data. Whenever possible, this book builds up to full-scale, practical applications



using real data. Students are excited to learn practical applications that they can actualy use in their
future jobs. Employers are excited to hire students with spreadsheet modeling skills, who can be more
productive faster.

* A Change In Content Too. Spreadsheet modeling is not merely a new medium, but an opportunity
to cover some unigue content items which require computer support to be feasible. For example, the
full-scale, real data spreadsheet model in Corporate Financial Planning uses three years of historical
10K data on Nike, Inc. (including every line of their income statement, bal ance sheet, and cash flow
statement), constructs a complete financial system (including linked financia ratios), and projects
these financial statements three years into the future. The spreadsheet model in Life-Cycle Financial
Planning includes a detailed treatment of federal and state tax schedules, socia Security taxes and
benefits, etc., which permit the realistic exploration savings, retirement, and investments choices over
a lifetime. The spreadsheet model in US Yield Curve Dynamics shows you 30 years of monthly US
yield curve history in just a few minutes. The spreadsheet model in Three Vauation Techniques
demonstrates the equivalence of the Adjusted Present Vaue, Flows To Equity, and the Weighted-
Average Cost of Capital methods, not just in the perpetuity case covered by most textbooks, but for a
fully general two-stage project with an arbitrary set of cash flows over an explicit forecast horizon,
followed by a infinite horizon perpetuity. As a practical matter, all of these sophisticated applications
reguire spreadsheet modeling.

Conventions Used In This Book

This book uses a number of conventions.

* Time Goes Across The Columns And Variables Go Down The Rows. When something happens
over time, | let each column represent a period of time. For example in capita budgeting, year Oisin
column B, year 1isin column C, year 2 isin column D, etc. Each row represents a different variable,
which is usually a labeled in column A. This manner of organizing spreadsheets is so common
becauseit is how financial statements are organized.

* Color Coding. A standard color scheme is used to clarify the structure of the spreadsheet models.
The printed book uses: (1) light gray shading for input values, (2) no shading (i.e. white) for
throughput formulas, and (3) dark gray shading for final results (“the bottom line”). The
accompanying electronic version of the book (a PDF file) uses: (1) yellow shading for input values,
(2) no shading (i.e. white) for throughput formulas, and (3) green shading for final results (“the
bottom line"). A few spreadsheets include choice variables. Choice variables use medium gray
shading in the printed book and blue shading in the electronic version.

 The Time Line Technique. The most natural technique for discounting cash flows in a spreadsheet
model is the time line technique, where each column corresponds to a period of time (as an example
see the figure below).



A | 8 [ ¢ [ o [ E [ F | &
NET PRESENT VALUE General Discount Rate

1

2 |(inthouzandsz of §)

3

4 |Inputs

5 [Period 0 1 2 3 4 5
§ |Current Investment [ $100.00

¥ |Future Cash Flows F21.00 | F34.00 | §4000 | F33.00 | F17.00
8 |Dizcourt Rate 8.0% 7 .E% 7.3% 7.0% 7.0%
g

10 |Het Present Walue using a Time Line

11 |Period I 1 2 3 4 5
12 | Cumulative Discount Factor 0.0% 8.0% 16.2% 24.7% 0 334% 0 428%
13 |Caszh Flows [(F1o000; ) F21.00 0 F34.00 | $4000 0 H35.00 0 F7.00

14 [Present “alug of Each Cash Flows  (F100.007  $19.44  F2926 | §3205 @ F2473 0 119
15 |Met Present Yalue 51742

The time line technique handles the general case of the discount rate changing over time just as easily
as the specia case of a constant discount rate. Typically one does have some information about the
time pattern of the riskfree rate from the term structure of interest rates. Even just adding a constant
risk premium, yields a time pattern of discount rates. There is no reason to throw this information
away, when it isjust as easy to incorporate it into a spreadsheet. | use the time line technique and the
general case of changing discount rates throughout the capital budgeting spreadsheet models.

» Explicit Inflation Rate. A standard error in capital budgeting isto treat the cash flow projections and
discount rate determination asif they came from separate planets with no relationship to each other. If
the implicit inflation rate in the cash flow projection differs from the implicit inflation rate in the
discount rate, then the analysisis inconsistent. The smplefix isto explicitly forecast the inflation rate
and use this forecast in both the cash flow projection and the discount rate determination. The capital
budgeting spreadsheet model s teach this good modeling practice.

* Dynamic Charts. Dynamic charts alow you to see such things as a“movie” of the Term Structure of
Interest Rates moves over time or an “animated graph” of how increasing the volatility of an
underlying stock increases the value of an option. Dynamic charts are a combination of an up/down
arrow (a “spinner”) to rapidly change an input and a chart to rapidly display the changing output. |
invented dynamic charts back in 1995 and | have included many examples of this useful educational
tool throughout this book.

Craig'sChallenge

| challenge the readers of this book to dramatically improve your finance education by personaly
constructing all 53 spreadsheet models in all 20 chapters of this book. This will take you about 27 to 53
hours depending on your current spreadsheet skills. Let me assure you that it will be an excellent
investment. Y ou will:

s gain apractical understanding of the core concepts of Corporate Finance,

= develop hands-on, spreadsheet modeling skills, and

= build an entire suite of finance applications, which you fully understand.
When you complete this challenge, | invite you to send an e-mail to me at tholden@indiana.eduto share
the good news. Please tell me your name, school, (prospective) graduation year, and which spreadsheet
modeling book you completed. | will add you to aweb-based honor roll at:

http://www.spr eadsheetmodeling.com/honor -roll.htm|
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We can celebrate together!

The Spreadsheet Modeling Series

This book is part a series of book/CDs on Spreadsheet Modeling by Craig W. Holden, published by
Prentice Hall. The seriesincludes:

= Spreadsheet Modeling in Corporate Finance,

= Spreadsheet Modeling in the Fundamentals of Corporate Finance,

o Spreadsheet Modeling in Investments, and

= Spreadsheet Modeling in the Fundamentals of | nvestments.
Each book teaches value-added skills in constructing financial models in Excel. Complete information
about the Spreadsheet M odeling seriesis available at my web site:

http://www.spr eadsheetmodeling.com|
Most of the Spreadsheet M odeling book/CDs can be purchased any time at:
[http://www.amazon.com|

The Spreadsheet Modeling Community

You can access the worldwide spreadsheet modeling community by clicking on Community (Free
Enhancements) at my web site pttp://www.spreadsheetmodeling.com] You will find free additions,
extensions, and problems that professors and practitioners from around the world have made available for
you. | will post annual updates of the U.S. yield curve database and occasional new spreadsheet models.
If you would like to make available your own addition, extension, or problem to the worldwide finance
community, just e-mail it to me at tholden@indiana.edu|and | will post it on my web site. Your
worldwide finance colleagues thank you.

If you have any suggestions or corrections, please e-mail them to me at cholden@indiana.edu] | will
consider your suggestions and will implement any corrections in future editions.

Suggestionsfor Faculty Members

There is no single best way to use Spreadsheet Modeling in Corporate Finance. There are as many
different techniques as there are different styles and philosophies of teaching. Y ou need to discover what
works best for you. Let me highlight several possibilities:

1. Out-of-classindividual projectswith help. Thisis atechnique that | have used and it works well. |
require completion of several short spreadsheet modeling projects of every individua student in the
class. To provide help, | schedule special “help lab” sessions in a computer lab during which time
myself and my graduate assistant are available to answer guestions while students do each assignment
in about an hour. Typically about half the questions are spreadsheet questions and half are finance
guestions. | have always graded such projects, but an alternative approach would be to treat them as
ungraded homework.

2. Out-of-classindividual projectswithout help. Another technique is to assign spreadsheet modeling
projects for individual students to do on their own out of class. One instructor assigns seven
spreadsheet modeling projects at the beginning of the semester and has individual students turn in all
seven completed spreadsheet models for grading at the end of the semester. At the end of each
chapter are numerous “ Skill-Building Problems’ and more challenging “ Skill-Enhancing Problems’
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that can be assigned with or without help. Faculty members can download the completed spreadsheet

models at Ih{-t-p—ﬁmwrprmmH—eewml-den-i See your local Prentice Hall representative to gain

access.

3. Out-of-class group projects. A technique that | have used for the last seven years is to require
students to do big spreadsheet modeling projects in groups. | assign students to groups based on a
survey of students, where they self-rate their own Excel skills on ascale from 1 to 10. This allows me
to create a mix of Excel skill levelsin each group. Thus, group members can help each other. | have
students write a report to a hypothetical boss, which intuitively explains their method of analysis, key
assumptions, and key results.

4. In-classreinforcement of key concepts. Thisisthedirection | have moved in recent years. The class
session is scheduled in a computer lab or equivalently students are required to bring their (required)
laptop computers to a technology classroom, which has a data jack and a power outlet at every
student station. | explain a key concept in words and equations. Then | turn to a 10-15 minute
segment in which | provide students with a spreadsheet that is partially complete (say, 80% compl ete)
and have them finish the last few lines of the spreadsheet. This provides rea-time, hands-on
reinforcement of a key concept. This technique can be done often throughout the semester. At the end
of each chapter are numerous “Live In-class Problems” that can be implemented this way. Faculty
members can download the partially complete spreadsheets at http://www.prenhall.com/holden| See
your loca Prentice Hall representative to gain access.

5. In-class demonstration of spreadsheet modeling. The instructor can perform an in-class
demonstration of how to build spreadsheet models. Typically, only a small portion of the total
spreadsheet model would be demonstrated.

6. In-class demonstration of key relationships using Dynamic Charts. The instructor can
dynamically illustrate comparative statics or dynamic properties over time using dynamic charts. For
example, one dynamic chart illustrates 30 years of U.S. term structure dynamics. Another dynamic
chart provides an “animated” illustration of the sensitivity of bond prices to changes in the coupon
rate, yield-to-maturity, number of payments/ year, and face value.

I'm sure | haven't exhausted the list of potential teaching techniques. Feel free to send an email to
cholden@indiana.edu [to let me know novel waysin which you use this book / CD.

Alter native Notation Versions

One nice thing about spreadsheets is that you can use long descriptive labels to describe most variables
and their corresponding formulas. However, some finance formulas are complex enough that they really
require mathematical notation. When this happens, | provide aternative notation versions that match the
notation of all popular corporate finance textbooks. The spreadsheet below shows the symbols that are
used in al notation versions. | have selected the notation to fill in any gaps.
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A B |] ¢c | b | E | F |6 ] H|

SymeoL ListT |All Corporate Finance Versions
Bodie- Y an

—

2 herton Brealey Brigham Gitman Keown Foss Harne
J |Bonds

4 |Annual Coupon Hate CR CR CR CR CR CR CR
5 |Yield To Maturity (Annualized)]y y kq ¥ kp ¥ r.

B |Mumber of Fayments / Period [NOFP NOP - MOP MOF  MOP NOP NOP
¢ |Mumber of Periods to Maturity|n I M n T T n

8 |Face Value B ! fl Ml fl F M

9 |Discount Rate f Period [ I, DR k4 DR r. DR
10 | Coupon Payment PMT L INT I I C. C.
11 |Bond Price P P Wy = Wh PP
12 |Forward Rate fram T-1to0 T [f f FRor frir nfy
13

14 | Capital Structure

15 |"value of the Firm b N W W W b ki
16 |Deht ] O ] ] ] B B
17 | Equity E E E E E = 5
18 |Face “alue of Deht B B B B B O D

19

20 |Black-Scholes Option Pricing

21 |Stock Price = F F =] =] = W
22 |Exercize Price E EX # E E E E
23 |Riskfree Rate t t krF t

24 |Valatility o o o o o o o
25 |Time To Maturity T t t T T t t

26 | dy d d d dy d d d
27 | ds dz dz da da da dz dz
28 |M(dy) Midy)  M(dy) Mg Midy) Nidy) Mdy) Midy)
23 | Midg) Midz)  Midz)  Midz)  Mide)  Midz) M{dz) Midz)
30 | Call Price C C Y C C C W
31 |Put Price F Fut Fut F F F W
32 |Dividend Yield d d d d d d d
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PART 1 TIME VALUE OF MONEY
1 Single Cash Flow

1.1 Present Value

Problem. A single cash flow of $1,000.00 will be received in 5 periods. For this cash flow, the
appropriate discount rate / period is 6.0%. What is the present value of this single cash flow?

Solution Strategy. We will calculate the present value of this single cash flow in three equivalent ways.
First, we will calculate the present value using atime line, where each column corresponds to a period of
calendar time. Second, we use aformula for the present value. Third, we use Excel’s PV function for the
present value.

FIGURE 1.1 Spreadsheet for Single Cash Flow - Present Value.

o, [ B | ©¢ | D | E F G
1 | SINGLE CasH FLow Present Value
2
3 |Inputs
4 |Single Cash Flow F1,000.00
5 |Discourt Rate § Period 5.0%
6 |Mumber of Periods 5
7
g5 |Present Yalue using a Time Line
9 (Period 0 1 2 3 4 5
10 | Cazh Flows F0.00 F0.00 F0.00 F0.00 $0.00 | §1,000.00
11 |Present “alue of Each Cash Flow F0.00 F0.00 F0.00 Fo.00 FO.00 | FV47 26
12 [Present Value F747 26
13
14 |Present Yalue using the Formula
15 [Present Yalue F747 26
16
17 |Present Yalue using the PV Function
18 [Present Walue F747 26

How To Build Your Own Spreadsheet Model.

1. Inputs. Enter the inputsin the range B4:B6.

2. Present Value using a Time Line. Create atime line from period O to period 5. Enter the single
cash flow in period 5. Calculate the present value of each cash flow and sum the present values as
follows.

o Period.Enter 0,1, 2, ..., 5. in therange B9: G9.

o Cash Flows. Enter $0.00 in cell B10 and copy it to the range C10:F10. Enter =B4 in cell
G10.



o Present Value of Each Cash Flow = (Cash Flow) / ((1 + Discount Rate/Period)
Period). Enter =B10/((1+$B$5)"B9) in cell B11 and copy it across. The $ signsin $B$5
lock the column as B and the row as 5 when copying.

o Present Value = Sum over al periods of the Present Value of Each Cash Flow. Enter
=SUM(B11:G11) incell B12.

3. Present Value using the Formula. For a single cash flow, the formulais Present Value = (Cash
Flow) / ((1 + Discount Rate/Period) * Period). Enter =B4/((1+B5)"B6) in cell B15.

4. Present Value using the PV Function. The Excel PV function can be used to calculate the
present value of a single cash flow, the present value of an annuity, or the present value of a bond.
For a single cash flow, the format is =-PV(Discount Rate / Period, Number of Periods, 0, Single
Cash Flow). Enter =-PV(B5,B6,0,B4) in cell B18.

The Present Value of this Single Cash Flow is $747.26. Notice you get the same answer all three ways:
using the time line, using the formula, or using the PV function!

1.2 FutureValue

Problem. A single cash flow of $747.25 is available now (in period 0). For this cash flow, the appropriate
discount rate / period is 6.0%. What isthe period 5 future value of this single cash flow?

Solution Strategy. We will calculate the future value of the single cash flow in three equivalent ways.
First, we will calculate the future value using a time line, where each column corresponds to a period of
caendar time. Second, we use a formula for the future value. Third, we use Excel’s FV function for the
future value.

FIGURE 1.2 Spreadsheet for Single Cash Flow - Future Value.

2 [ B | ¢ | b | E F G
1 | SINGLE CasH FLow Future Value
2
3 |Inputs
4 |Single Cash Flow F747 26
5 |Discourt Rate § Period 6.0%
6 |Mumber of Periods 5
7
8 |Future Value using a Time Line
9 (Period I 1 2 3 4 5
10 | Cazh Flows F747 26 F0.00 F0.00 F0.00 F0.00 F0.00
11 |Future “alue of Each Cash Flowe | §1,000.00 F0.00 F0.00 F0.00 F0.00 F0.00
12 [Future “alue F1 ,000.00
13
14 |Future Value using the Formula
15 [Future Yalue $1,000.00
16
17 |Future Yalue using the PY Function
18 [Future Yalue $1,000.00

How To Build Your Own Spreadsheet Moddl.



1. Inputs. Enter theinputsin the range B4:B6.

2. Future Value using a Time Line. Create a time line from period O to period 5. Enter the single
cash flow in period 0. Calculate the period 5 future value of each cash flow and sum the future
values as follows.

o Period.Enter 0, 1, 2, ..., 5. in therange B9: G9.
o Cash Flows. Enter =B4 in cell B10. Enter $0.00 in cell C10 and copy it across.

o Future Vaue of Each Cash Flow = (Cash Flow) * (1 + Discount
Rate/Period)™((Number of Periods) - (Current Period)). Enter =B10* (1+$B$5)" ($B$6-
B9) in cell B11 and copy it across. The exponent ($B$6-B9) causes the period O cash
flow to be compounded 5 times into the future, the period 1 cash flow to be compounded
4 times into the future, the period 2 cash flow to be compounded 3 times into the future,
etc. The $signsin $B$5 and $B$6 lock the column and the row when copying.

o Future Value = Sum over all periods of the Future Value of Each Cash Flow. Enter
=SUM(B11:G11) incell B12.

3. Future Value using the Formula. For a single cash flow, the formulais Future = (Cash Flow) *
(1 + Discount Rate/Period)(Number of Periods). Enter =B4*(1+B5)"B6 in cell B15.

4. FutureValue using the FV Function. The Excel FV function can be used to calculate the future
value of a single cash flow, the future value of an annuity, or the future value of a bond. For a

single cash flow, the format is =-FV(Discount Rate / Period, Number of Periods, 0, Single Cash
Flow). Enter =-FV(B5,B6,0,B4) incell B18.

The Future Value of this Single Cash Flow is $1,000.00. Notice you get the same answer al three ways:
using the time line, using the formula, or using the FV function!

Comparing Present Value and Future Vaue, we see that they are opposite operations. That is, one

operation "undoes’ the other. The Present Value of $1,000.00 in period 5 is $747.26 in period 0. The
Future Value of $747.26 in period 0 is $1,000.00 in period 5.

Problems

Skill-Building Problems.

1. A single cash flow of $1,673.48 will be received in 4 periods. For this cash flow, the appropriate
discount rate / period is 7.8%. What is the present value of this single cash flow?

2. A single cash flow of $932.47 is available now (in period 0). For this cash flow, the appropriate
discount rate/ period is 3.9%. What is the period 4 future value of this single cash flow?

Liveln-class Problems.

3. Given the partia Present Value spreadsheet SinglepZ .xls, complete step 2 Present Value Using
A Timeline.



4. Given the partial Future Vaue spreadsheet SinglefZ .xls, complete step 2 Future Value Using A
Timeline.

2 Annuity

2.1 Present Value

Problem. An annuity pays $80.00 each period for 5 periods. For these cash flows, the appropriate
discount rate / period is 6.0%. What is the present value of this annuity?

Solution Strategy. We will calculate the present value of this annuity in three equivalent ways. First, we
will calculate the present value using a time line, where each column corresponds to a period of calendar
time. Second, we use a formula for the present value. Third, we use Excel’s PV function for the present
value.

FIGURE 2.1 Spreadsheet for Annuity - Present Value.

A | B [ ¢ [ o | E | F | & |
1 | ANNUITY Present Value
2
2 |Inputs
4 |Payment Fa0.00
5 |Discourt Rate § Period 6.0%
E |Mumber of Periods =)
7
g |Annuity Present Value using a Time Line
9 (Period 0 1 2 3 4 5
10 | Cazh Flowes F0.00 Fa0.00 Fa0.00 F50.00 F80.00 Fa0.00
11 |Prezent “alue of Each Cash Flow F0.00 F75 47 F71.20 FET AT FE3.37 F50.78
12 [Present Walue $336.99
13
14 |Annuity Present Yalue using the Formula
15 [Present Value $336.99
16
17 | Annuity Present Yalue using the PV Function
18 |Present “alue 33609

How To Build Your Own Spreadsheet Modd.

1. Inputs. Enter the inputsin the range B4:B6.

2. Annuity Present Value using a Time Line. Create a time line from period O to period 5.
Determine the annuity cash flows in periods 1 through 5. Calculate the present value of each cash
flow and sum the present values as follows.

o Period.Enter 0, 1, 2, ..., 5. in the range B9: G9.



o Cash Flows. Enter $0.00 in cell B10. Enter =$B$4 in cell C10 and copy it across.

o Present Value of Each Cash Flow = (Cash Flow) / ((1 + Discount Rate/Period)
Period). Enter =B10/((1+$B$5)"B9) in cell B11 and copy it across. The $ signsin $B$5
lock the column and row when copying.

o Present Value = Sum over al periods of the Present Value of Each Cash Flow. Enter
=SUM (B11:G11) incell B12.

3. Annuity Present Value using the Formula. The formula for Annuity Present Vaue =
(Payment) * (1 - ((1 + Discount Rate/Period) ~ (-Number of Periods))) / (Discount Rate/Period).
Enter =B4* (1-((1+B5)"(-B6)))/B5in cell B15.

4. Annuity Present Value using the PV Function. The Excel PV function can be used to calculate
the present value of an annuity using the following format =-PV (Discount Rate / Period, Number
of Periods, Payment, 0). Enter =-PV(B5,B6,B4,0) in cell B18.

The Present Value of this Annuity is $336.99. Notice you get the same answer all three ways: using the
time line, using the formula, or using the PV function.

2.2 FutureValue

Problem. An annuity pays $80.00 each period for 5 periods. For these cash flows, the appropriate
discount rate / period is 6.0%. What is the period 5 future value of this annuity?

Solution Strategy. We will calculate the future value of this annuity in three equivalent ways. First, we
will calculate the future value using a time line, where each column corresponds to a period of calendar
time. Second, we use a formula for the future value. Third, we use Excel’s FV function for the future
value.

FIGURE 2.2 Spreadsheet for Annuity - Future Value.

A | B [ ¢ [ o | E | F | & |
1 | ANNUITY Future Value
2
2 |Inputs
4 |Payment Fa0.00
5 |Discourt Rate § Period 6.0%
6 |Mumber of Periods 5
7
& |Annuity Future Y¥alue using a Time Line
9 (Period 0 1 2 3 4 5
10 | Cazh Flowes F0.00 Fa0.00 Fa0.00 F50.00 F80.00 Fa0.00
11 |Future Value of Each Caszh Flow F0.00 F101.00 F95.25 $59.89 $a4.80 F20.00
12 [Future Yalue $450.97
13
14 [Annuity Future Yalue using the Formula
15 [Future “alue $450.97
16

17 | Annuity Future Yalue using the FY Function

18 |Future Yalue F450 97




How To Build Your Own Spreadsheet Modd.

1

2.

I nputs. Enter the inputs in the range B4:B6.

Annuity Future Value using a Time Line. Create a time line from period O to period 5.
Determine the annuity cash flows in periods 1 through 5. Calculate the present value of each cash
flow and sum the present values as follows.

o Period.Enter 0,1, 2, ..., 5. in therange B9: G9.
o Cash Flows. Enter $0.00 in cell B10. Enter =$B$4 in cell C10 and copy it across.

o Future Value of Each Cash Flow = (Cash Fow) * (1 + Discount
Rate/Period)™((Number of Periods) - (Current Period)). Enter =B10* (1+$B$5)" ($B$6-
B9) in cell B11 and copy it across. The exponent ($B$6-B9) causes the period O cash
flow to be compounded 5 times into the future, the period 1 cash flow to be compounded
4 times into the future, the period 2 cash flow to be compounded 3 times into the future,
etc. The $signsin $B$5 and $B$6 lock the column and the row when copying.

o Future Value = Sum over all periods of the Future Value of Each Cash Flow. Enter
=SUM(B11:G11) incdll B12.

Annuity Future Value using the Formula. The formulafor Annuity Present Value = (Payment)
* (1 - ((1 + Discount Rate/Period) * (Number of Periods))) / (Discount Rate/Period). Enter
=B4*(((1+B5)"B6)-1)/B5in cell B15.

Annuity Future Value using the FV Function. The Excel FV function can be used to calculate
the future value of an annuity with the using format =-FV(Discount Rate / Period, Number of
Periods, Payment, 0). Enter =-FV(B5,B6,B4,0) incell B18.

The Future Value of this Annuity is $450.97. Notice you get the same answer all three ways: using the
time line, using the formula, or using the FV function.

2.3 System of Four Annuity Variables

Problem. There is a tight connection between all of the inputs and output to annuity valuation. Indeed,
they form a system of four annuity variables: (1) Payment, (2) Discount Rate / Period, (3) Number of
Periods, and (4) Present Vaue. Given any three of these variables, find the fourth variable.

Solution Strategy. Given any three of these variable, we will use as many equivalent ways of solving for
the fourth variable as possible. In solving for the Payment, use the formulaand PM T function. In solving
for the Discount Rate / Period, use the RATE function. In solving for the Number of Periods, use the
NPER function. In solving for the Present Vaue, use a Time Line, formula, and the PV function.

FIGURE 2.3 Spreadsheet for Annuity - System of Four Annuity Variables.



A | B [ ¢ | o [ e | F | ¢ |

1 | ANNUITY System of Four Annuity Variables
2

2 |Inputs

4 |Payment $50.00
2 |Discourt Rate § Period 5.0%
6 |Mumber of Periods =)
¢ |Prezent Value $336.99
&

9 |Payment

10 [Payment using the Formula $50.00
11 |Payment u=ing the PMT Function F20.00
12

13 |Discount Rate / Period

14 |Dizcourt Rate ! Per using the RATE Func 5.0%
15

16 |Humber of Periods

17 |Mum of Periods using the NPER Function

15

19 |Present Value

20 |Periad 0 1 2 3 4 =
21 |Caszh Flows F0.00 F50.00 F50.00 FE50.00 F50.00 F80.00
22 |Present Value of Each Cash Flow F0.00 57547 F71.20 FEFAT FE63.37 F59.75
23 |Prezent alue using a Time Line

24

23 |Present Walue using the Formula F356.99

26 |Present Walue uszing the PY Function $336.99

How To Build Your Own Spreadsheet Modd.

1

Start with the Present Value Spreadsheet, Then Insert and Delete Rows. Open the
spreadsheet that you created for Annuity - Present Value and immediately save the spreadsheet
under a new name using the File| Save As command. Select the range A7:A17 and click on
Insert | Rows. Select the cell A25, click on Edit | Delete, select the Entire Row radio button
on the Delete dialog box, and click on OK. Select the range A26:A27, click on Edit | Delete,
select the Entire Row radio button on the Delete dialog box, and click on OK.

I nputs. Enter the inputs in the range B4:B7.

Payment. The formula for the Payment = (Present Value) / ((1 - ((1 + Discount Rate/Period) * (-
Number of Periods))) / (Discount Rate/Period)). Enter =B7/((1-((1+B5)" (-B6)))/B5) in cell B10.
The Excel PMT function can be used to calculate an annuity payment using the following format
=PMT(Discount Rate / Period, Number of Periods, -Present Vaue, 0). Enter =PM T(B5,B6,-
B7,0) incel B11.

Discount Rate / Period. The Excel RATE function can be used to calculate the discount rate /
period for an annuity using the following format =RATE(Number of Periods, Payment, -Present
Value, 0). Enter =RATE(B6,B4,-B7,0) incell B14.

Number of Periods. The Excel NPER function can be used to calculate an annuity payment
using the following format =NPER(Discount Rate / Period, Payment, -Present Value, 0). Enter
=NPER(B5,B4,-B7,0) in cell B17.



We see that the system of four annuity variables is internally consistent. The four outputs in rows 10
through 26 (Payment = $80.00, Discount Rate / Period = 6.0%, Number of Periods = 5, and Present Vaue
= $336.99) are identical to the four inputs in rows 4 through 7. Thus, any of the four annuity variables can
be calculated from the other three in afully consistent manner.

Problems

Skill-Building Problems.

1. Anannuity pays $142.38 each period for 6 periods. For these cash flows, the appropriate discount
rate / period is 4.5%. What is the present value of this annuity?

2. An annuity pays $63.92 each period for 4 periods. For these cash flows, the appropriate discount
rate/ period is 9.1%. What is the period 5 future value of this annuity?

Live In-class Problems.

3. Given the partia Present Vaue spreadsheet AnnuitpZ.xls, complete step 2 Annuity Present
ValueUsing A Timeline.

4. Given the partia Future Vaue spreadsheet AnnuitfZ.xls, complete step 2 Annuity Future Value
Using A Timeline.

5. Given the partia System of Four Annuity Variables spreadsheet AnnuitsZ.xls, do steps 3
Payment, 4 Discount Rate/ Period, and 5 Number of Periods.

3 Net Present Value

3.1 Constant Discount Rate

Problem. A project requires a current investment of $100.00 and yields future expected cash flows of
$21.00, $34.00, $40.00, $33.00, and $17.00 in periods 1 through 5, respectively. All figures are in
thousands of dollars. For these expected cash flows, the appropriate discount rate is 8.0%. What is the net
present value of this project?

Solution Strategy. We will calculate the net present value of this project in two equivalent ways. First,
we will calculate the net present value using a time line, where each column corresponds to a period of
calendar time. Second, we use Excel’s NPV function for the net present value.

FIGURE 3.1 Spreadsheet for Net Present Value - Constant Discount Rate.



A | 8 [ ¢ | o [ E [ F | & |

1 INET PRESENT VALUE Constant Discount Rate

2 |(inthousands of )

3

4 |Inputs

5 |Discount Rate

& |Period 0 1 2 3 4 5
7 |Current Investment [ $100.00

§ |Future Cash Flows $21.00 | $34.00 | $4000 | $33.00 | F17.00 |
g

10 [Het Present Yalue using a Time Line

11 |Period ] 1 2 3 4 5
12 [Cazh Flowes (F100.00)] $21.00 | $34.00 | $40.00 | $33.00 | $17.00

13 |Present Value of Each Cash Flows  (F100.007  $19.44 | $29.15  $31.73 0 $24.26  §11.57
14 |Met Preszent Yalue F1EAY

15
16 |Het Present Yalue using the HPY Function
17 |Met Prezent Yalue F1IEAY

How To Build Your Own Spreadsheet Model.

1. Inputs. Enter the Discount Rate in B5, the Current Investment in B7 and the Future Cash Flows
in the range C8: G8.

2. Net Present Value using a Time Line. Create a time line from period O to period 5. Determine
the project cash flows in periods O through 5. Calculate the present value of each cash flow and
sum the present values as follows.

o Period.Enter 0,1, 2, ..., 5. intherange B11:G11.

o Cash Flows. The current investment is a negative cash flow. Enter =-B7 in cell B12.
Future cash flows are positive cash flows. Enter =C8 in cell C12 and copy it across.

o Present Value of Each Cash Flow = (Cash Flow) / ((1 + Discount Rate) ~ Period). Enter
=B12/((1+$B%$5)"B11) in cell B13 and copy it across. The $ signs in $B$5 lock the
column and row when copying.

o Net Present Value = Sum over all periods of the Present Value of Each Cash Flow.
Enter =SUM (B13:G13) in cell B14.

3. Net Present Value using the NPV Function. The Excel NPV function is used to calculate the
net present value of a cash flow stream using the following format =-(Current Investment) +
NPV (Discount Rate, Future Cash Flows). Enter =-B7+NPV(B5,C8:G8) in cdll B17. An oddity
of the Excel NPV function is that it only discounts cash flows starting in period 1 and going
forward. Y ou must add the present value of the period O cash flow separately, which explains the
negative cash flow term: -(Current Investment).

The Net Present Vaue of this project is $16.17. Notice you get the same answer both ways: using the
time line or using the NPV function.

3.2 General Discount Rate



Problem. A project requires a current investment of $100.00 and yields future expected cash flows of
$21.00, $34.00, $40.00, $33.00, and $17.00 in periods 1 through 5, respectively. All figures are in
thousands of dollars. For these expected cash flows, the appropriate discount rate starts at 8.0% in period
1 and declinesto 7.0% in period 5. What is the net present value of this project?

Solution Strategy. We will calculate the Net Present VVaue of this project using a Time Line. Thisis the
only possible way to calculate the project NPV in the general case where the discount rate changes over
time. Excel’s NPV function can not be used because it is limited to the special case of a constant discount
rate. And there is no simple formulafor NPV, short of typing in aterm for each cash flow.

FIGURE 3.2 Spreadsheet for Net Present Value - General Discount Rate.

o, 8 | ¢ | o | E | F | @
1 INET PRESENT VALUE General Discount Rate
2 |(inthouzandsz of §)
3
4 |Inputs
5 |Period 0 1 2 3 4 5
§ |Current Investment [ $100.00
7 |Future Cash Flows $21.00 | $34.00 | $4000 | $33.00 [ $17.00
8 |Dizcourt Rate 8.0% 7 5% A AL
g
10 |Het Present Walue using a Time Line
11 |Period 0 1 2 3 4 5
12 |Cumulative Dizcount Factar 0.0% BO%|  162%| 247%| 334% 428%
13 |Cash Flows (F100.00) $21.00 | $34.00  $40.00  $33.00 | $7.00

14 [Present “alug of Each Cash Flows  (F100.007  $19.44  F2926 | §3205 @ F2473 0 119
15 |Met Present Yalue 51742

How To Build Your Own Spreadsheet Model.

1. Inputs. Enter the Current Investment in B6, the Future Cash Flows in the range C7:G7, and the
Discount Rates in the range C8: G8.

2. Net Present Value using a Time Line. Create atime line from period O to period 5. Calculate a
cumul ative discount factor. Determine the project cash flows in periods O through 5. Calculate the
present value of each cash flow and sum the present values as follows.

o Period.Enter 0,1, 2, ...,5.intherange B11:G11.

o Cumulative Discount Factor. Enter 0.0% in the cell B12. The (Cumulative Discount
Factor on datet) = (1 + Cumulative Discount Factor on date t-1) * (1 + Discount Rate on
datet) - 1. Enter =(1+B12)*(1+C8)-1in cell C12 and copy it across.

o Cash Flows. The current investment is a negative cash flow. Enter =-B6 in cell B13.
Future cash flows are positive cash flows. Enter =C7 in cell C13 and copy it across.

o Present Value of Each Cash Flow = (Cash Flow on date t) / (1+ Cumulative Discount
Factor on date t). Enter =B13/(1+B12) in cell B14 and copy it across.

o Net Present Value = Sum over all periods of the Present Value of Each Cash Flow.
Enter =SUM (B14:G14) in cell B15.



The Net Present Value of this project is $17.42. This spreadsheet can handle any pattern of discount rates.
For example, it can handle the special case of a constant discount rate.

FIGURE 3.3 General Spreadsheet Implementing a Constant Discount Rate.

Notice this is the same

B, | B Z | An A | AC | AD AE aF |
1 | LoaN AMORTIZATION
2
3 |Inputs
4 |Present value F300 000
5 |Interest rate £ yvear 8.00%
E |Mutmber of vears 30
7
g | Outputs
9 |Year 1 25 26 27 28 29 a0 a1
10 |Beq. Principsl Balance | $300,000 [$123192 | $106399  $38262 | $60675  $47 521  §24 674 (F0)
11 |Payment §26545 | §26,545 F26645  FI6540  $O6645  FO6645  $26645
12 |Interest Componert $24000 | 39855 | 35512 | $7061 | 35494 | $3802 [ %1974
13 | Principal Componert §2645 | 16795 | $16136 | $19.557 | $21154 | §22,547 | §24 674

The Net Present Value of this project is $16.17.

answer as the previous

spreadsheet for the Net Present Value - Constant Discount Rate. The genera discount rate spreadsheet is
the most general way to do discounting and is the approach we will use throughout this book.

Problems

Skill-Building Problems.

1. A project requires a current investment of $189.32 and yields future expected cash flows of
$45.19, $73.11, $98,54, $72.83, and $58.21 in periods 1 through 5, respectively. All figuresarein
thousands of dollars. For these expected cash flows, the appropriate discount rate is 6.3%. What

isthe net present value of this project?

2. A project requires a current investment of $54.39 and yields future expected cash flows of
$19.27, $27.33, $34.94, $41.76, and $32.49 in periods 1 through 5, respectively. All figures arein
thousands of dollars. For these expected cash flows, the appropriate discount rate starts at 6.4% in
period 1 and declinesto 5.4% in period 5. What is the net present value of this project?

Live In-class Problems.

3. Given the partia Constant Discount Rate spreadsheet NpvcondZ.xls, complete step 2 Net

Present ValueUsing A Timeline.

4. Given the partial General Discount Rate spreadsheet NpvgendZ .xls, complete step 2 Net Present

Value Using A Timeline.



4

Real And Inflation

4.1 Constant Discount Rate

Problem. A project requires a current investment of $100.00 and yields future expected cash flows of
$21.00, $34.00, $40.00, $33.00, and $17.00 in periods 1 through 5, respectively. All figures are in
thousands of dollars. The inflation rate is 3.0%. For these expected cash flows, the appropriate Red

Discount Rateis 5.0%. What is the net present value of this project?

Solution Strategy. We begin by calculating the (nominal) discount rate from the inflation rate and the
rea discount rate. The rest of the net present value calculation is the same as the Net Present Value -

Constant Discount Rate spreadsheet.

FIGURE 4.1 Spreadsheet for Real and Inflation - Constant Discount Rate.

A | 8 | ¢ | o | E | F [ 6 |
1 | REAL AND INFLATION Constant Discount Rate
2 |linthousands of §)
3
4 |Inputs
5 |Inflation Rate 3.0%
E |Real Dizcount Rate 5.0%
7 |Period n 1 2 3 4 5
§ |cCurrent Investment [ $100.00
9 |Future Cash Flows $21.00 | $34.00 [ 4000 [ $33.00 [ $17.00 |
10
11 | Outputs
12 |Dizcourt Rate 8.2%
13
14 |Het Present Walue using a Time Line
15 |Period n 1 2 3 4 5
16 |Cash Flows [(F10000) F21.00  §3400 4000 | §33.00  F7.00
17 |Prezent “alue of Each Cash Flow (100007 $1942 | §29.07 | $31 62 0 F2412  $11 .44
18 |Met Present YWalue 51572
19
20 (Het Present Yalue using the HP'Y Function
21 |Met Prezent YWalue F15.72

How To Build Your Own Spreadsheet Moddl.

1. Start with the Net Present Value - Constant Discount Rate Spreadsheet, Insert Rows, And
Move One Item. Open the spreadsheet that you created for Net Present Value - Constant
Discount Rate and immediately save the spreadsheet under a new name using the File | Save As
command. Select the cell A5 and click on Insert | Rows. Select the range A11:A13 and click on
Insert | Rows. Select the range A6:B6, click on Edit | Cut, select the cell A12, and click on Edit

| Paste.

2. Inputs. Enter the inputs in the range B5: B6.

Discount Rate) - 1. Enter =(1+B5)*(1+B6)-1 in cdl B12.

Discount Rate. The formula for the (Nominal) Discount Rate = (1 + Inflation Rate) * (1 + Red



The Net Present Value of this project is $15.72.

4.2 General Discount Rate

Problem. A project requires a current investment of $100.00 and yields future expected cash flows of
$21.00, $34.00, $40.00, $33.00, and $17.00 in periods 1 through 5, respectively. All figures are in
thousands of dollars. The forecasted inflation rate starts at 3.0% in period 1 and declinesto 2.0% in period
5. For these expected cash flows, the appropriate REAL discount rate starts at 5.0% in period 1 and
increases to 6.5% in period 5. What is the net present value of this project?

Solution Strategy. We begin by calculating the (nominal) discount rate for each period from the inflation
rate in each period and corresponding real discount rate. The rest of the net present value calculation is
the same as the Net Present Vaue - General Discount Rate spreadsheet.

FIGURE 4.2 Spreadsheet for Real and I nflation - General Discount Rate.

A | 8 | ¢ | o | E | F [ 6 |
1 | REAL AND INFLATION General Discount Rate
2 |linthousands of §)
3
4 |Inputs
5 |Period 0 1 2 3 4 5
E |Current Investment [ $100.00
7 |Future Cash Flows $21.00 | $34.00 | $4000 | $33.00 [ $17.00
& |Inflstion Rate 3.0% 2.8% 25%]  22%| 20%
3 |Resl Discourt Rate 5.0% 5.5% 0%  B5%|  E5%
10
11 |Het Present Walue using a Time Line
12 |Period ] 1 2 3 4 5
13 [Discount Rate 5.2% 5.5% 57%  0.6%  65%
14 | Cumuistive Discourt Factar 0.0% 82% 17.3% 274%  387% S507%
15 |Cazh Flowes (F10000) $21.00 | $34.00  $4000 | %3300 $7.00
16 |Present value of Each Cash Flow  (F100.007  $19.42 | §2589  $31.39 | $2373  §11.25
17 |Met Presert Yalue

How To Build Your Own Spreadsheet Moddl.

1. Start with the Net Present Value - General Discount Rate Spreadsheet, Insert Rows, And
Move One Item. Open the spreadsheet that you created for Net Present VValue - General Discount
Rate and immediately save the spreadsheet under a new name using the File | Save As command.
Select the cell A8 and click on Insert | Rows. Select the cell A13 and click on Insert | Rows.
Select the range A9:G9, click on Edit | Cut, select the cell A13, and click on Edit | Paste.

2. Inputs. Enter the inputsin the range C8: G9.

3. Discount Rate. The formula for the (Nominal) Discount Rate = (1 + Inflation Rate) * (1 + Red
Discount Rate) - 1. Enter =(1+C8)* (1+C9)-1in cell C13 and copy it across.

The Net Present Value of this project is $14.87. This spreadsheet can handle any pattern of inflation rates
and real discount rates. Of course, it can handle the special case of a constant inflation rates and constant
rea discount rates.



Problems

Skill-Building Problems.

1. A project requires a current investment of $117.39 and yields future expected cash flows of
$38.31, $48.53, $72.80, $96.31, and $52.18 in periods 1 through 5, respectively. All figuresarein
thousands of dollars. The inflation rate is 2.7%. For these expected cash flows, the appropriate
Real Discount Rateis 8.6%. What is the net present value of this project?

2. A project requires a current investment of $328.47 and yields future expected cash flows of
$87.39, $134.97, $153.28, $174.99, and $86.41 in periods 1 through 5, respectively. All figures
are in thousands of dollars. The forecasted inflation rate starts at 3.4% in period 1 and increases to
4.7% in period 5. For these expected cash flows, the appropriate REAL discount rate starts at
7.8% in period 1 and decreases to 5.4% in period 5. What is the net present value of this project?

Liveln-class Problems.

3. Given the partia Constant Discount Rate spreadsheet ReacondZ .xls, complete step 3 Discount
Rate.

4. Given the partial General Discount Rate spreadsheet ReagendZ.xls, complete step 3 Discount
Rate.

5 Loan Amortization

5.1 Basics

Problem. To purchase a house, you take out a 30 year mortgage. The present value (loan amount) of the
mortgage is $300,000. The mortgage charges an interest rate / year of 8.00%. What is the annual payment
required by this mortgage? How much of each year's payment goes to paying interest and how much
reducing the principal balance?

Solution Strategy. First, we use Excel’s PMT function to calculate the annua payment of a 30 year
annuity (mortgage). Then we will use a time line and simple recursive formulas to split out the payment
into the interest component and the principal reduction component.

FIGURE 5.1 Spreadsheet for L oan Amortization - Basics.



) B C [ b [ E [ F T & ]
1 | LoaN AMORTIZATION|Basics
2
3 |Inputs
4 |Present value F300 000
5 |Interest rate £ yvear 8.00%
E |Mutmber of vears 30
7
g | Outputs
9 |Year 1 2 3 4 5 g
10 |Beq. Principal Balance | $300000 | $297 352 | 294 492 | $291 403 | $288 067 | $204 464
11 |Payment §26,640 | $26648 | $26645 | $26,645 | §26,645  §26 648
12 |Interest Component $24000 | $23788 [ $23559 | $23.312 | $23.045 [ §22757
13 | Principal Component $2648 | $2860 | %3089 | $3.336 | $3603 |  $3,891

How To Build Your Own Spreadsheet Moddl.

1

2.

I nputs. Enter the inputs in the range B4: AF9.

Year and Freeze Panes. Enter 1, 2, 3, ..., 31. intherange B9: G11. A simple way to do thisisto
enter 1in cell BY, enter 2 in cell C9, hover the cursor over the lower right corner of cell C9, and
when you see the "fill handle" (it looks a"+" sign) drag it al the way across to cell G11. Select
C10 and click on Window | Freeze Panes. Thislocksin the column and row titles.

Beg. Principal Balance. The principal balance at the beginning of Year 1 is the full amount of
the loan (i.e, the present value). Enter =B4 in cell B10. We will return to the rest of thislinein a
moment.

Payment. The Excel PMT function can be used to calculate an annuity payment using the
following format =PMT(Interest Rate / Year, Number of Years, -Present Vaue, 0). Enter
=PMT($B$5,$B$6,-$B$4,0) in cell B11. The $ signs in the formula lock in the row and column
when copying.

Interest Component in year t = (Interest rate/year) * (Beginning Principal Balance in year t).
Enter =$B$5*B10in cell B12.

Principal Component in year t = Payment - (Interest Component). In other words, whatever
part of the payment is leftover after paying the interest goes to reducing the principa balance.
Enter =B11-B12in cell B13.

Beg. Principal Balance in year t = (Beg. Principal Balance in year t-1) - (Principal Component
inyear t-1). Enter =B10-B13in cell C10

Copy The Formulas. Select the range B11:B13 and copy it to C11. Select the range C10:C13
and copy it to the range D10: AE10. Select the cell AE10 and copy it to AF10.

The Annual Payment is $26,648. Figure 2 shows the final years of the time line for the loan.

FIGURE 5.2 Final Yearsof the TimeLine of Loan Amortization - Basics.



B, | E Z | an [ AR [ AC | aD [ AE | &F |
1 | LoaN AMORTIZATION
2
3 |Inputs
4 |Present value F300 000
5 |Interest rate £ yvear 8.00%
E |Mutmber of vears 30
7
g | Outputs
9 |Year 1 25 26 27 28 29 a0 a1
10 |Beq. Principsl Balance | $300,000 [$123192 | $106399  $38262 | $60675  $47 521  §24 674 (F0)
11 |Payment §26545 | §26,545 F26645  FI6540  $O6645  FO6645  $26645
12 |Interest Componert $24000 | 39855 | 35512 | $7061 | 35494 | $3802 [ %1974
13 | Principal Componert §2645 | 16795 | $16136 | $19.557 | $21154 | §22,547 | §24 674

The principal balance drops to zero in year 31 after the final payment is made in year 30. The loan is paid
off! It doesn't matter whether the zero amount in cell AF10 displays as positive or negative. The only
reason it would display as negative is due to round off error in the eighth decimal or higher, which is
irrelevant of our purposes.

The Interest Component depends on the size of the Beg. Principa Balance. In year 1 the interest
component starts at its highest level of $24,000 because the Beg. Principal Balance is at its highest level
of $300,000. The interest component gradualy declines over time as the Principa Balance gradually
declines over time. The interest component reaches its lowest level of $1,974 as the Beg. Principal
Balance reaches its lowest level of $300,000. The principa repayment component is the residua part of
the payment that is left over after the interest component is paid off. In year 1 when the interest
component is the highest, the principal component is the lowest. Even though you made a payment of
$26,648 in year 1, only $2,648 of it went to paying off the principal! The principal payment gradually
increases over time until it reaches its highest level of $24,674 in year 30.

5.2 Sensitivity Analysis

Problem. Examine the same 30 year mortgage for $300,000 as in the previous section. Consider what
would happen if the interest rate / year dropped from 8.00% to 7.00%. How much of each year's payment
goes to paying interest vs. how much goes to reducing the principal under the two interest rates?

Solution Strategy. Construct a data table for the interest component under the two interest rates.
Construct another data table for the principal component under the two interest rates. Create a graph of
the two interest components and two principal components.

FIGURE 5.3 Spreadsheet for L oan Amortization - Sensitivity Analysis.



A | B C | D | E | F | E] | H |
1 | LoaN AMORTIZATION|Sensitivity Analysis
2
3 |Inputs
4 |Present value F300,000
8 |Interest rate Jyvear 3.00%
E |Mumber of vears an
7
g | Outputs
9 |vear 1 2 3 4 o =] il
10 |Bey. Principal Balance | $300,000 | $297 352 | $294 492 | $291 403 | $288 067 | $254 464 | $280573
11 |Payment $26,545 | $26 645 | FI6545 | FI6H45 | 645 FIG6E45 | 26548
12 |Interest Componert §24,000 | $23756 | $23559 | $23312 | 23,45 22757 | §22446
13 |Principal Companent $2545 | $2860 | $3,089 | $3336 | 3603 $ISY1 | g4.202
14
15 |Data Table: Sensitivity of the Interest Component to the Interest Rate / Year
16 |Input Values for Output Formula: Interest Component
17 |Interest rate /year | $24000 | $23785  $23550  $23,312  $23,045  $22757  §22445
18 7oow| $21000 | $20778 | $20540 [ $20285 [ $20m3 [ $19722 [ $19410
19 5.00%| $24000 | 323788 | $23s99 | $23312 | 23045 | $22757 | §22446
20
21 |Data Table: Sensitivity of the Principal Component to the Interest Rate 7 Year
22 |Input Values for Ourtput Formula: Principal Component
23 |Interest rate /year $2545 | $2860 | $3089 | $3336 0 FIE03 . $IE91 | 4002
24 700w %3176 | $3398 | $3636 | 5359 | $4163 | w4454 | 34766
25 5.00%| $2645 | sese0| $3089 | $3336 | $3603 | $3m9n | 4202
26
27
2a Principal And Interest Payments Over Time
2 $25,000
g? R B% IMterest Companent /of
32| = $20,000 i
3| 2
M| =
&= g $15 000 7% Interest Chmpanent ¥
®/ITE"
)< 2
= | § £ s10000
oW 7% Principal Dmpu:unent
=
W& %5000
43 Wz 8% Principal Component x
44
45 $|:| T T T T T
46 0 ) 10 14 20 25 a0
47 Time (Years)
4a

How To Build Your Own Spreadsheet Moddl.

1. Start with the Basics Spreadsheet. Open the spreadsheet that you created for Loan Amortization
- Basics and immediately save the spreadsheet under a new name using the File| Save As
command.

2. Interest Component Data Table. Create alist of input values for the Interest Rate / Year (7.0%
and 8.0%) in the range A18:A19. Create an output formula that references the Interest



Component row by entering the formula =B12 in cell B17 and copy it to the range
C17:AE17. Select the range A17:AE19 for the One-Variable Data Table. This range includes
both the input values on the left side of the range and the output formula on the top of the range.
Then choose Data | Table from the main menu and a Table dialog box pops up. Enter the cdll
address B5 (Interest Rate/ Y ear) in the Column Input Cell and click on OK.

3. Principal Component Data Table. Create alist of input values for the Interest Rate / Year (7.0%
and 8.0%) in the range A24:A25. Create an output formula that references the Principal
Component row by entering the formula =B13 in cell B23 and copy it to the range
C23:AE23. Select the range A23:AE25 for the One-Variable Data Table. This range includes
both the input values on the left side of the range and the output formula on the top of the range.
Then choose Data | Table from the main menu and a Table dialog box pops up. Enter the cdl
address B5 (Interest Rate/ Y ear) in the Column Input Cell and click on OK.

4. Graph. Select the range B9: AE9, hold down the Control button and keep holding it down, select
the range B18: AE 19, continue holding down the Contr ol button, and select the range B24: AE25.
Then choose Insert | Chart from the main menu. Select the XY (Scatter) chart type and make
other sdlections to complete the Chart Wizard.

From the graph, we see that the Interest Component is much lower at 7% than it is at 8%. Indeed you pay
$3,000 less in interest ($21,000 vs. $24,000) in year 1. The difference in interest component gradually
declines over time. The principal component nearly the same over time. The principal component is
slightly more frontloaded at 7% than at 8%. That is, $528 more of your payment goes to principal in year
1 at 7% than at 8%. Then it switches and $2,080 less of your payment goes to principal in year 30.

Problems

Skill-Building Problems.

1. To purchase a house, you take out a 30 year mortgage. The present value (loan amount) of the
mortgage is $217,832. The mortgage charges an interest rate / year of 9.27%. What is the annual
payment required by this mortgage? How much of each year's payment goes to paying interest
and how much reducing the principal balance?

2. In purchasing a house, you need to obtain a mortgage with a present value (loan amount) of
$175,000. Y ou have a choice of: (A) a 30 year mortgage at an interest rate / year of 9.74% or (B)
a 15 year mortgage at an interest rate / year of 9.46%. What is the annua payment required by the
two aternative mortgages? How much of each year's payment goes to paying interest and how
much reducing the principal balance by the two aternative mortgages? Which mortgage would
you prefer?

3. Consider a 30 year mortgage for $442,264 as in the previous section. What would happen if the
interest rate / year dropped from 9.21% to 7.95%. How much of each year's payment goes to
paying interest vs. how much goes to reducing the principal under the two interest rates?

LiveIn-class Problems.
4. Given the partial Basics spreadsheet L oanbasZ .xls, do steps 4 Payment, 5 Interest Component

in year t, 6 Principal Component in year t, 7 Beg. Principal Balance in year t, and 8 Copy
the Formulas.



5. Given the partial Sensitivity Analysis spreadsheet LoansenZ.xls, complete steps 2 Interest
Component Data Tableand 3 Principal Component Data Table.

PART 2 VALUATION

6 Bond Valuation

6.1 Basics

Problem. A bond has a face value of $1,000, an annual coupon rate of 5.0%, a yield to maturity of
9.0%, makes 2 (semiannual) coupon payments per year, and 8 periods to maturity (or 4 years to
maturity). What is price of this bond based on the Annual Percentage Rate (APR) convention? What is
price of this bond based on the Effective Annual Rate (EAR) convention?

Solution Strategy. We will create a switch that can be used to select either the EAR or APR rate
convention. The choice of rate convention will determine the discount rate / period. For a given discount
rate / period, we will calculate the bond price in four equivalent ways. First, we will calculate the bond
price as the present value of the bond's cash flows. Second, we use a formula for the bond price. Third,
we use Excel’s PV function for a bond price. Fourth, we use Excel’s Analysis ToolPak Add-In PRICE
function, which only works under the APR convention.

FIGURE 6.1 Spreadsheet Model of Bond Valuation - Basics.
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Bonp VaLuaTioN Basics Annual Percentage Rate

Inputs

Fate Convention: 1= EAR, 0= AFF 1]
Annual Coupon Fate [CH] B0
*ield to Maturity [Annoalized] (k) 8.0
Mumber of Payments ! Year [MOP) 2
Mumber of Periods ba Maturity [M) i
Face Walue [M] 1,000
Outputs

Dizcount Rate ! Period [OR) 4.5
Coupon Fayment [IMT) 325

Calculate Bond Price using the Cash Flows

o [ oo | =0 | o o [ |03 | | = S [ o |~ o o | = | | pa [ = [ |92 |92 | [ 9 [ [P P =

Feriod 1] 1 2 3 4 bl [ 7 [
Time [Years] 0.0 0.5 1.0 15 20 25 3.0 315 4.0
Cazh Flows $26.00 | $25.00 2500 | $2500  $2500 2600 $2500 $1,025.00
Fresent ¥ alue of Cash Flow F23.92 | #2283 $2191 0 #2096 0 32006 | $13.20 0 $18.37 FT20.76
Eond Price $865.08

Calculate Bond Price using the Formula

Eond Price F868.08

Calculate Bond Price using the P¥ Function

Eiond Price $2E2.02

Calculate Bond Price using the PRICE Function [under APR])

Eond Frice FRER.02

How To Build This Spreadsheet M odel.

1. Enter Thelnputsand Name Them. Enter O in cell B4. Thiswill serve as a switch between the
APR and the EAR rate conventions. To highlight which rate convention is in use, enter
=IF($B$4=1," Effective Annual Rate"," Annual Percentage Rate") in cell D1. Enter the other
inputs into the range B5:B9 and then name each one. Put the cursor on cell B5, click on Insert |
Name | Define, enter CR in the Names in Workbook box, and click on OK. Put the cursor on
cell B6 and repeat the process to name it kd. Repeat the process to give the cells B7, B8, and B9

the names NOP, N, and M, respectively.

2. Calculate the Discount Rate / Period. The Discount Rate / Period depends on the rate

convention being used as follows:

Discount Rate/ Period = ]

H1+Yield To Maturity)” (1/ (Number of Payments/ Year)) -1 under EAR
g  (Yield ToMaturity)/(Number of Payments/ Year) under APR

Enter =IF($B$4=1,((1+kd)"(1/NOP))-1,kd/NOP) in cell B12 and use the process above to give

the cell B12 the name DR.

3. Calculatethe Coupon Payment. The formulais Coupon Payment = Coupon Rate * Face Vaue/
(Number of Payments/ Y ear). Enter =CR*M/NOP in cell B13 and use the process above to give

the cell B13 the name INT.



4. Calculate Bond Price using the Cash Flows. Calculate the bond price as the present value of the
bond’s cash flows. This bond has two cash flows per year for four years or eight periods. Enter
the period numbers 0, 1, 2, ..., 8 in the range B16:J16. Complete the bond price calculation as
follows:

o Time (years) = (Period) / (Number of Payments / Year) = Period / NOP. Enter
=B16/NOP in cell B17 and copy it across.

o Cash Flows in Periods 1-7 = Coupon Payment. Enter =INT in cell C18 and copy it
across.

o Cash Fow in Period 8 = Coupon Payment + Face Value. Add +M to the formulain cell
J18, sothat it reads =INT+M.

o Present Value of Cash Flow = (Cash Flow)/((1+Discount Rate/Period)™ Period). Enter
=C18/((1+DR)"C16) incdl C19 and copy it across.

o Present Value of the Bond = Sum of all the Present Value of Cash Flows (row 19). Enter
=SUM(C19:J19) in cell B20.

5. Calculate Bond Price using the Formula. The present value of the bond's cash flows can be
simplified down to an equivalent formula The bond price formula is

INT [Ql—((1+ DR)™ )) M
Vo DR +(1+ DR)"’

where the first term is the present value of an annuity for the string of coupon payments and the
second term is the present value of face value payment at the end. Enter =INT*(1-((1+DR)" (-
N)))/DR+M/((1+DR)*N) in cell B23.

6. Calculate Bond Price using the PV Function. Excel has a function to caculate the price of a
bond. The format is =-PV(Discount Rate / Period, Number of Periods to Maturity, Coupon
Payment, Face Vaue). Enter =-PV(DR,N,INT,M) in cell B26.

7. Calculate Bond Price using the PRICE Function (under APR). Excel’s Analysis Tool Pak
Add-In contains several advanced bond functions, including a Bond Price function assuming the
APR convention is being used.

o Click on Tools | Add-Ins, check the Analysis ToolPak checkbox on the Add-Insdialog
box (see Figure 2 below), and click on OK.

FIGURE 6.2 The Add-Insdialog box.
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8. Thebond price function is =PRICE(Settlement Date, Maturity Date, Annual Coupon Rate, Yield
To Maturity, Redemption Value, Number of Payments). The Settlement Date is the date when
you exchange money to purchase the bond. Specifying the exact day of settlement and maturity
allows a very precise calculation. For our purpose, we simple want the difference between the
two dates to equal the (8 Periods To Maturity) / (2 Payments/ Year) = 4 Years To Maturity. This
is easily accomplished by the use of the DATE function. The DATE Function has the format
=DATE(Year, Month, Day). We will enter an arbitrary starting date of 1/1/2000 for the
Settlement Date and then specify aformulafor 1/1/2000 plus N / NOP for the Maturity Date. We
need to add an IF statement to test for the rate convention being used. The bond function is only
vaid with APR. Enter =IF($B$4=1"" PRICE(DATE(2000,1,1),DATE(2000+N/NOP,1,1),
CR,kd,100,NOP)*M/100) in cell B29. This uses a conventional Redemption Value of $100.00
and scales the resulting price by theratio of (M Value) / $100.00.

The resulting bond price is $868.08. Notice you get the same answer al four ways: using the cash flows,
using the formula, using the PV function, or using the PRICE function!

6.2 By Yield To Maturity

What is the relationship between bond price and yield to maturity? We can construct a graph to find out.

FIGURE 6.3 Spreadsheet Model of Bond Valuation - By Yield To Maturity.



A |8 | ¢ | p | E [ F | 5 [ H | 1 [
1 | BOND VALUATION By Yield To Maturity Annual Percentage Rate
2
3 |Inputs £1.200 Bond Price By Yield To Maturity
4 |Rate Convention: 1 = EAR, 0= APR 1] =
5 |Annual Coupon Rate (CR) 5 0% #1100
6 |“ield to Maturity (Annualized) (kd) 9.0% 3$1.UDU
¥ |Mumbetr of Payiments £ vear (MOP) 2 E £900
g |Mumber of Periods to Maturity (M) {s] - _\'“m‘
g |Face Yalue (M) $1 000 £ 800
10 @ 700
11 (Outputs FE00
12 |Dizcount Rate § Period (DR 4.5% $500
13 | Coupon Paymert (INT) 23 0.0 505 10,03 16.05 200
14 Yield To Maturity
15 | Chart Outputs
16 | *field to Maturity (Annuslized) 1.0%  20%| 30% 40%| 50% 60%| 70%  50% 9.0%
17 |Discount Rate / Period 05% 1.0%) 15% 20%| 25% 30%| 35% 40% 45%
18 |Bond Price [$1156 [$1015 |81 075 [$1057 [ 000 | §965 | 3931 | $e09 | gaes

How To Build This Spreadsheet M odel.

1

Start with the Basics Spreadsheet and Delete Rows. Open the spreadsheet that you created for
Bond Pricing — Basics and immediately save the spreadsheet under a new name using the File|
Save As command. Delete rows 15 through 29 by selecting the range A15: A29, clicking on Edit
| Delete, selecting the Entire Row radio button on the Delete dialog box, and clicking on OK.

Enter Yield To Maturity (Annualized). Enter Yield To Maturity values 1.0%, 2.0%, 3.0%,
4.0%, ..., 20% intherange B16:U16.

Calculate Discount Rate/ Period. Copy the Discount Rate/ Period formula from cell B12 to the
cell B17. In cel B17, change the variable kd to B16, so that the formula reads
=IF($B$4=1,((1+B16)"(1/NOP))-1,B16/NOP) and then copy it across.

Calculate Bond Price. Calculate the bond price using PV function and the inputs N, INT, M,
and the Discount Rate / Period in cell B17. Enter =-PV(B17,N,INT,M) in cell B18 and copy it
across.

Graph the Bond Price By Yidd To Maturity. Highlight the range B16:U16 and then while
holding down the Ctrl button highlight the ranges B18:U18. Next choose Insert | Chart from
the main menu. Select an XY (Scatter) chart type and make other selections to complete the
Chart Wizard. Place the graph in the range C2:J15.

This graph shows the inverse relationship between bond price and yield to maturity. In other word, a
higher discount rate (yield to maturity) lowers the present value of the bond’s cash flows (price). The
graph also that the relationship is curved (nonlinear) rather than being a straight line (linear).

6.3 Dynamic Chart

If you increased the coupon rate of a bond, what would happen to its price? If you increased the
yield to maturity of a bond, what would happen to its price? Y ou can answer these questions and
more by creating a Dynamic Chart using “spinners.” Spinners are up-arrow / down-arrow



buttons that allow you to easily change the inputs to the model with the click of a mouse. Then
the spreadsheet recal culates the model and instantly redraws the model outputs on the graph.

FIGURE 6.4 Spreadsheet Model of Bond Valuation — Dynamic Chart.
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By Yield To Maturity Annual Percentage Rate

Inputs £1.200 Bond Price By Yield To Maturity
Rate Convertion: 1 = EAR | 0= AFPR 0] ' =
Annual Coupon Rate (R 5 0% F1.100
“ield to Maturity (Annualized) (kd) 9.0% & 1,000
Mumnber of Payments £ ear (NOP) 2 'n=_ £900
Murmber of Periods to Maturity (M) 5] - q\'“m,_‘
Face alue (M) %1 000 £ 500

@ 700
Qutputs F600
Dizcount Rate / Period (DR 4 5% £500
Coupon Payment (INT) $25 0% B0 1003 15,05 20.0%

Tield To Maturity

Chart Qutputs
“ield to Maturity (Annualized) 10% 20% 30%  40%| 50% 60%  FO0%  80%| 0.0%
Dizcourt Rate f Period 05% 1.0% 15% 20%| 25% 30% 35%  40%| 45%
Bond Price (%1156 [$1015 |$1,075 [$1,057 |F1 000 | §965 [ %931 | $899 | fa68

How To Build This Spreadsheet M odel.

1

Start with the Basics Spreadsheet and Delete Rows. Open the spreadsheet that you created for
Bond Pricing — Basics and immediately save the spreadsheet under a new name using the File|
Save As command. Delete rows 15 through 29 by selecting the range A15: A29, clicking on Edit
| Delete, selecting the Entire Row radio button on the Delete diaog box, and clicking on OK.
Repeat this procedure to delete row 8.

Increase Row Height for the Spinners. Select the range A4:A8. Then click on Format | Row
Height from the main menu. Enter a height of 30 and click on OK.

Display the Forms Toolbar. Click on View | Toolbars | Forms from the main menu.

Create the Spinners. Look for the up-arrow / down-arrow button on the Forms toolbar (which
will display the word “Spinner” if you hover the cursor over it) and click on it. Then draw the
box for a spinner from the upper left corner of cell C4 down to the lower right corner of the cell.
Then a spinner appears in the cell C4. Right click on the spinner (press the right mouse button
while the cursor is above the spinner) and a small menu pops up. Click on Copy. Then select the
cell C5 and click on Paste. This creates an identica spinner in the cell C5. Repeat the process
three times more. Select cell C6 and click on Paste. Then select cell C7 and click on Paste. Then
select cell C8 and click on Paste. Y ou now have five spinners down column C.

Create The Cdll Links. Right click on the first spinner in the cell C4 and a small menu pops up.
Click on Format Control and a dialog box pops up. Click on the Control tab, then enter the
cell link D4 in the Cell link edit box and click on OK. Repeat this procedure for the other four
spinners. Link the spinner in cell C5 to cell D5. Link the spinner in cell C6 to cell D6. Link the
spinner in cell C7 to cell D7. Link the spinner in cell C8 to cell D8 and aso on the Contral tab,



set the Minimum value equal to 1. Test your spinners by clicking on the up-arrows and down-
arrows of the spinners to see how they change the valuesin the linked cells.

6. Create Scaled Inputs. The values in the linked cells are always integers, but they can be scaled
appropriately to the problem at hand. Restrict the value in cell B4 to be either 1 or O by entering
=IF(D4>1,1,D4). Incell B5, enter =D5/200. In cell B6, enter =D6/200. In cell B7, enter =D7. In
cell B8, enter =D8*50.

7. Enter Time To Maturity. Enter Time To Maturity values 1, 2, 3, 4, ..., 30 in the range
B15:AE15.

8. Calculate Number of Periods to Maturity. The Number of Periods to Maturity = (Time to
Maturity) * (Number of Periods/ Year). Enter =B15*NOP In cell B16 and copy it across.

9. Calculate Bond Price of a Coupon Bond. Calculate the duration of a coupon bond using the PV
bond duration function and the scaled inputs in cells DR, INT, M and the Time to Maturity in
cell B16. Specificaly, enter =-PV(DR,B$16,INT,M) in cell B17. Be sure that B$16 hasa $ in
the middle to lock in the row, but not the column.

10. Calculate Bond Price of a Par Bond. A par bond is a bond with a coupon rate equal to the yield
to maturity. As a benchmark for comparison, calculate the bond price of a par bond using the
same inputs for everything else. Copy the formula in cell B17 to cell B18. Then change the
coupon payment from INT to DR*M so that the formulareads =-PV(DR,B$16,DR*M ,M). Copy
therange B17:B18 to therange C17: AE18.

11. Graph the Bond Price of a Coupon Bond and Par Bond. Highlight the range B15:AE15 and
then while holding down the Ctrl button highlight the range B17: AE18. Next choose Insert |
Chart from the main menu. Select an XY (Scatter) chart type and make other selections to
complete the Chart Wizard. Place the graph in the range E3:J12.

Y our Dynamic Chart allows you to change the Bond Price inputs and instantly see the impact on a graph
of the price of a coupon bond and par bond by time to maturity. This alows you to perform instant
experiments on Bond Price. Below isalist of experiments that you might want to perform:

»  What happens when the annual coupon rate isincreased?

«  What happens when the yield to maturity is increased?

«  What happens when the number of payments/ year isincreased?

«  What happens when the face value is increased?

«  What isthe rdationship between the price of a par bond and time to maturity?

« What happens when the annual coupon rate is increased to the point that it equals the yield to
maturity? What happens when it isincreased further?

6.4 System of Five Bond Variables

Thereis a system of five bond variables: (1) Number of Periodsto Maturity (N), (2) Face Vaue (M), (3)
Discount Rate / Period (DR), (4) Coupon Payments (INT), and (5) Bond Price (VB). Given any four of
these variables, the fifth variable can be found by using Excel functions (and in some cases by formulas).

FIGURE 6.5 Spreadsheet Model of Bond Valuation - System of Five Bond Variables.
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Bonp VaLuvation Bond Variables Annual Percentage Rate
Inputs
Fate Convention: 1= EAR, 0= AFF 1]
Annual Coupon Fate [CH] B0
*ield to Maturity [Annoalized] (k) A0
Mumber of Fayments ! vear [MOP) 2
[1] Number of Periods to Maturity [M] ]
[2] Face Yalue [M] #1,000
[%] Discount Rate ! Period [OR]) 4.5
[4] Coupon Pagyment [INT] $25
[5] Bond Price [¥s] F068.08

[1] Number of Periods to Maturity [M]
MNumber of Periods to Maturity uzing the MFER Function _

[2] Face Yalue [M]

Face Walue using the FY Function

Face Walue using the Formula

[3] Find Discount Rate { Period [DR)

Dizcount Rate { Period using the RATE Function _

[4] Coupon Payment [INT]

Coupon Payment uzing the PMT Function
Coupon Fayment using the Formula

[5] Bond Price [¥s]

Biond Price using the PY Function
Biond Price using the Formula

How To Build This Spreadsheet M odel.
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1. Start with the Basics Spreadsheet and Delete Rows. Open the spreadsheet that you created for
Bond Pricing — Basics and immediately save the spreadsheet under a new name using the File|
Save As command. Delete rows 27 through 29 by selecting the range A27:A29, clicking on Edit
| Delete, selecting the Entire Row radio button on the Delete dialog box, and clicking on OK.
Then repeat this procedure to delete rows 14 through 25 and repesat this procedure again to delete
rows 10 through 11. This places the five bond variables in rows 8 through 12, highlighted with
purplelabels above.

2. Calculate Number of Periods to Maturity (N). NPER is the Excel function to calculate the
number of periods to maturity. The format is =NPER(Discount Rate / Period, Coupon Payment, -
Bond Price, Par Vdue). Enter =NPER(DR,INT,-VB,M) incell B15.

3. Calculate Face Value (M). There are two ways to cal cul ate the face value of the bond.
o Use the Excel Function FV. The format is =FV(Discount Rate / Period, Number of
Periodsto Maturity, Coupon Payment, -Bond Price). Enter =FV(DR,N,INT ,-VB) in cdl
B18.
o Usethefacevalueformula

INT [Q((1+ OR)") —1)
M =V, [f1+DR)" - ,
DR
where the first term is the future value of the bond price and the second term is the future




values of the string of coupon payments. Enter =VB*((1+DR)"N)-INT*(((1+DR)"N)-
1)/DRincel B19.

4. Calculate Discount Rate / Period (DR). RATE is the Excel function to calculate the discount
rate per period. The format is =RATE(Number of Periods to Maturity, Coupon Payment, -Bond
Price, Par Vaue). Enter =RATE(N,INT,-VB,M) incel B22.

5.

Calculate Coupon Payment (INT). There are two ways to calculate the coupon payment of the

bond.

(0]

Use the Excel Function PMT. The format is =PMT(Discount Rate / Period, Number of
Periodsto Maturity, -Bond Price, Par Value). Enter =PM T(DR,N,-VB,M) in cell B25.
Use the coupon payment formula

INT = Ve _%1+DR)N

where the numerator is the bond price minus the present value of the par value and the
denominator is the present value of a $1 coupon payment. Enter =(VB-
M/((1+DR)"N))/((1-((1+DR)*(-N)))/DR) in cell B26.

6. Calculate Bond Price (VB). There are two ways to calculate the price of the bond.

(0]

Use the Excel Function PV. The format is =PV (Discount Rate / Period, Number of
Periods to Maturity, Coupon Payment, Par Vaue). Enter =-PV(DR,N,INT,M) in cdl
B29.

Use the bond price formula

_INT Eﬁl—((1+ DR) ™ )) "

+ )
DR (1+DR)"
where the first term is the present value of the string of coupon payments and the second
teem is the present value of the par value. Enter =INT*(1-((1+DR)"(-
N)))/DR+M/((1+DR)"*N) in cell B30.

Ve

We see that the system of five bond variablesisinternally consistent. The five outputs in rows 15 through
30 (N=8, M=1000, DR=4.5%, INT=$25, VB=$868.08) are identical to the five inputs in rows 8 through
12. Thus, any of the five bond variables can be calculated from the other four in a fully consistent manner.

Problems

Skill-Building Problems

1. A bond has aface value of $1,000, an annual coupon rate of 4.60%, an yield to maturity of 8.1%,
makes 2 (semiannual) coupon payments per year, and 10 periods to maturity (or 5 years to
maturity). Determine the price of this bond based on the Annua Percentage Rate (APR)

2.

convention and the price of this bond based on the Effective Annual Rate (EAR) convention.

Determine the relationship between bond price and yield to maturity by constructing a graph of

the relationship.

3. Given four of the bond variables, determine the fifth bond variable.



(a) Given Number of Periods to Maturity is 10, Face Value is $1,000, Discount Rate / Period is
3.2%, and Coupon Payment is $40, determine the Bond Price.

(b.) Given Number of Periods to Maturity is 8, Face Value is $1,000, Discount Rate / Period is
4.5%, and the Bond Price is $880.00, determine the Coupon Payment.

(c.) Given Number of Periods to Maturity is 6, Face Vaue is $1,000, Coupon Payment is $30,
and the Bond Price is $865.00, determine Discount Rate / Period.

(d.) Given Number of Periods to Maturity is 8, Discount Rate / Period is 3.8%, Coupon Payment
is $45, and the Bond Price is $872.00, determine Face Vaue.

(e) Given Face Value is $1,000, Discount Rate / Period is 4.3%, Coupon Payment is $37, and
the Bond Price is $887.00, determine the Number of Periodsto Maturity.

Perform instant experiments on whether changing various inputs causes an increase or decreasein
the Bond Price and by how much.

(&) What happens when the annual coupon rateis increased?

(b.) What happens when the yield to maturity is increased?

(c.) What happens when the number of payments/ year isincreased?

(d.) What happens when the face value isincreased?

(e)) What isthe relationship between the price of a par bond and time to maturity?

(f.) What happens when the annual coupon rate is increased to the point that it equalsthe yield
to maturity? What happens when it is increased further?

Live In-class Problems.

7.

10.

Given the partial Basics spreadsheet BondbasZ .xls, complete step 4 Calculate Bond Price using
the Cash Flows.

Given the partial By Yield To Maturity spreadsheet BondyieZ xls, do steps 2 Enter Yield To
Maturity (Annualized), 3 Calculate Discount Rate/ Period, and 4 Calculate Bond Price.

Given the partial Dynamic Chart spreadsheet BonddynZ .xls, do steps 8 Calculate the Number
of Periods to Maturity, 9 Calculate Bond Price of a Coupon Bond, and 10 Calculate Bond
Price of aPar Bond.

Given the partial System of Five Bond Variables spreadsheet BondsysZ .xls, complete step 2
Calculate Number of Periodsto Maturity using the NPER function, complete step 3 Calculate
Face Value using the FV function, complete step 4 Calculate Discount Rate / Period using the
RATE function, complete step 5 Calculate Coupon Payment using the PMT function, and
complete step 6 Calculate Bond Price using the PV function.

7 Stock Valuation
/7.1 Two Stage

Problem. Given the historical data, we can see that over last two years Hot Prospects Inc. has generated a
very high real Return On Investment (Real ROI) of 22.3% and 20.7%. Over the last three years, its
dividends per share has increased rapidly from $5.10 to $5.84 to $6.64. As the competition catches up
over the next five years, the Hot Prospects Real ROI is expected to gradually slow down. The long-run



forecast calls for the firm’s Real ROI to match the firm's real discount rate (Rea k), which is 9.0% per
year. Hot Prospects follows a policy of retaining 50.0% of its earnings and paying out the rest as
dividends. Going forward, the inflation rate is expected to be 3.0% per year indefinitely. What is the
firm’sintrinsic value/ share?

Solution Strategy. Construct a two-stage discounted dividend model. In stage one, explicitly forecast the
firm's dividend over a five-year horizon. In stage two, forecast the firm's dividend from year six to
infinity and calculate it's continuation value as the present value of this constant growth annuity. Then,
discount the future dividends and the date 5 continuation value back to the present to get the intrinsic
value per share.

FIGURE 7.1 Spreadsheet for Stock Valuation - Two Stage.

&, | B ] c ] b ] E] FJe ]| H | J
1 | SToCK VaLuaTioN  Two Stage
2
3 |Inputs
4 |Inflation Rate 3.0%
5 |Real Dizcourt Rate (Real k) 0.0%
E |Earningz Retertion Rate S0.0%
7
g | Outputs Stage 2:
9 |Mominal Dizcount Rate (k) 12.3% Infinite
10 Stage 1: Explicit Forecast Horizon
11 Historical Data Horizon (ROl > K} (ROI = K}
12 |Period -2 -1 0 1 2 3 4 5 E
13 |Inflation Rate 28% A% 30% 30% 0% 30% 3.0% 3.0%
14 |Real Return on Investment (Real RON 223%| 207%|19.0%17.0%[15.0% ) 130%] 110%| 90%
15 |Mominal Return on Investment (RO 297% | 244%|226% | 205% 185%  164% 145%( 12.35%
16 |Real Growth Rate in Dividend (Real o) 11.2% ] 104%| 95% | 85% 75% B5% 5.5% 4 5%
17 |Mominal Groveth Rate in Dividend (o) T45% ) 137%|128% 11.8% 1073 97% 8.7% TE%
15 |Mominal Dividend  Share [§510 [$5684 | 3664 [$749 $8.37 | $9.27 $1047 | $11.05| $11.89
18 [Continuation YWalue 7 Share F256.51
20 | Sum of Future Div. & Cort. ValueiShr Fr40 R8T 927 WOAT |F26T.SE
2 |PY of Future Div. & Cont. Yalue J Shr FE5E67 FEE4 (655 | FE40 | F150.00
22 |Intrinzic Walue ! Share F176.26

How To Build This Spreadsheet M odel.

1. Inputs. Enter the inflation rate, real discount rate, and earnings retention rate into the range
B4:B6. Enter the historical data in the range C13:D18 and the cell B18. Input the projected
inflation rate by entering =$B$4 in cell E13 and copy it across.

2. Calculate The Nominal Discount Rate. The Nominal Discount Rate = (1 + Inflation Rate) * (1
+ Real Discount Rate) - 1. Enter =(1+B4)*(1+B5)-1 in cell BY.

3. Forecast Future Real and Nominal ROI. In the long-run, the firm's Real ROI is forecast to

equal the firm'srea discount rate. Enter =B5 in cell J14. Given the Real ROI of 20.7% on date
0 and aforecast of 9.0% per year starting in year 6, forecast the intermediate years by entering a
smooth declining pattern, such as 19.0%, 17.0%, 15.0%, etc. from date 1 to date 5 in the range
E14:114. For date 6, enter =B5 in cell J14. Calculate the Nominal Return On Investment (ROI) =
(1 + Inflation Rate) * (1 + Real ROI) - 1. Enter =(1+E13)*(1+E14)-1 in cell E15 and copy it
across.



4. Real and Nominal Growth Rate in Dividends. Caculate the Real Growth Rate in Dividend
(Real g) = (Real ROI) * (Earnings Retention Rate). Enter =E14*$B$6 in cell E16 and copy it
across. Calculate the Nominal Growth Ratein Dividend (g) = (1 + Inflation Rate) (1 + Red @) - 1.
Enter =(1+$B$4)* (1+E16)-1 in cell E17 and copy it across.

5. Nominal Dividend / Share. Calculate the Date t Nominal Dividend = (Date t-1 Nominal
Dividend) * (1 + Date t Nominal Growth Rate in Dividend). Enter =D18*(1+E17) in cell E18
and copy it across.

6. Date5 Continuation Value. The Date 5 Continuation Value is the present value of the stream of
dividends from date 6 to infinity. Using the present value of an infinitely growing annuity
formula, calculate Date 5 Continuation Vaue = (Date 6 Dividend) / (Nominal Discount Rate —
Date 6 Nominal Growth Rate in Dividends). Enter =J18/(B9-J17) incell 119.

7. Sum and PV of Future Dividends and the Continuation Value/ Share. On each date, sum the
future dividend and continuation value / share. Enter =SUM (E18:E19) in cell E20 and copy it
across. Calculate the Present Value of the Future Dividend and Continuation Value / Share =
(Datet Sum) / ((1 + Nominal Discount Rate) ~ t). Enter =E20/((1+$B$9)"E12) in cell E21 and
copy it across.

8. Intrinsc Value Per Share. Sum the PV of Future Dividends and Continuation Value. Enter
=SUM(E21:121) incell D22.

Hot Prospects Inc. is estimated to have an intrinsic value per share of $176.26.

7.2 Dynamic Chart

Problem. How sensitive isthe Intrinsic Value to changes in: (1) the Inflation Rate, (2) Earnings Retention
Rate, and (3) Real Discount Rate (k)? Said differently, how important is it to be very accurate in
forecasting these three inputs?

Solution Strategy. Firgt, we vary the Real Discount Rate input and use Excel's Data Table feature to
generate the corresponding Intrinsic Value / Share outputs. Second, we construct a Dynamic Chart by
graphing the Data Table inputs and outputs and by adding spinners to the Inflation Rate and Earnings
Retention Rate inputs.

FIGURE 7.2 Spreadsheet for Stock Valuation - Dynamic Chart.
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How To Build This Spreadsheet M odel.

1. Open the Two Stage Spreadsheet and Move A Few Things. Open the spreadsheet that you
created for Stock Vauation — Two Stage and immediately save the spreadsheet under a new name
using the File| Save As command. Insert ten rows above the Outputs, by selecting the range
A8:A17 and clicking on Insert | Rows. Move The Label "Outputs," by selecting the cell A18,
clicking on Edit | Cut, selecting the cell A14 and clicking on Edit | Paste. Using the same steps,
move the range A5:B5 to the range A15:B15 and move the range A6:B6 to the range A5: B5.

2. Increase Row Height for the Spinners. Select the range A4:A5. Then click on Format | Row
Height from the main menu. Enter a height of 30 and click on OK.

3. Display the FormsToolbar. Select View | Toolbars| Forms from the main menu.

4. Create the Spinners. Look for the up-arrow / down-arrow button on the Forms toolbar (which
will display the word “ Spinner” if you hover the cursor over it) and click on it. Then draw the box
for a spinner from the upper left corner of cell C4 down to the lower right corner of the cell. Then
a spinner appears in the cell C4. Right click on the spinner (press the right mouse button while
the cursor is above the spinner) and a small menu pops up. Click on Copy. Then select the cell



C5 and click on Paste. This creates an identical spinner in cell C5. You now have two spinners
down column C.

Create The Céll Links. Right click on the first spinner in the cell C4 and a small menu pops up.
Click on Format Control and a dialog box pops up. Enter the cell link D4 in the Cell link edit
box and click on OK. Repeat this procedure for the other spinner. Link the spinner in cell C5 to
cell D5. Click on the up-arrows and down-arrows of the spinners to see how they change the
valuesin the linked cdlls.

Create Scaled Inputs. The values in the linked cells are always integers, but they can be scaled
appropriately to the problem at hand. In cell B4, enter =D4/200. In cell B5, enter =D5/10.

Enter Real Discount Rate Values. In the range C15:H15, enter the values 7%, 8%, 9%, 10%,
11%, and 12%.

Create A Data Table To Calculate Intrinsic Value/ Share. Use Excel's Data Table feature to
calculate the Intrinsic Value / Share for each corresponding Real Discount Rate. Specify the
output cell by entering =D32 in cell B16. Select the range B15:H16, click on Data | Table, enter
$B$15 in the Row I nput Cell box, and click on OK.

Graph the Intrinsic Value / Share. Select the range C15:H16, then click on Insert | Chart
from the main menu. Select an XY (Scatter) chart type and make other selections to complete
the Chart Wizard. Place the graph in the range E2: J13.

The Data Table and the graph indicate that decreasing the Real Discount Rate from 12% to 7% causes the
Intrinsic Value / Share to jump from $125 / Share to $235 / Share. Thus, the Intrinsic Value / Share is
very sensitive to Real Discount Rate. Clicking on the spinner for the Inflation Rate causes no change at all
in the Intrinsic Vaue / Share. This makes sense because the Inflation Rate contributes equally to the
Nominal Return on Investment and to the Nominal Discount Rate. The two effects cancel each other out,
leaving zero net impact on Intrinsic Value / Share. Clicking on the spinner for the Earnings Retention
Rate causes a huge movement in the Intrinsic Value / Share. Hence, it is important to be as accurate as
possible about both the Real Discount Rate and the Earnings Retention Rates.

Problems

Skill-Building Problems.

1

Suppose that a firm has generated areal Return On Investment (Real ROI) of 14.6% and 11.9%
of the last two year, while the inflation rate as been 3.5% and 2.4%, respectively. Over the last
three years, the firm's dividends per share have increased from $15.92 to $16.23 to $17.36. Over
the next five years, the firm's Real ROI is expected to gradualy slow down. The long-run forecast
calls for the firm's Real ROI to match the firm’'s real discount rate (Rea k), which is 6.2% per
year. The firm follows a policy of retaining 34.0% of its earnings and paying out the rest as
dividends. Going forward, the inflation rate is expected to be 4.1% per year indefinitely.
Determine the firm’sintrinsic value / share.

Perform instant experiments on whether changing various inputs causes an increase or decrease in
thefirm’sintrinsic value/ share and by how much.

(a) What happens when the inflation rate is increased?

(b.) What happens when the earnings retention rate is increased?



Live In-class Problems.

8

6. Given the partial Two Stage spreadsheet StocktwZ .xls, do steps 4 Real and Nominal Growth
Ratein Dividends, 5 Nominal Dividend / Share, 6 Date 5 Continuation Value, 7 Sum and PV
of Future Dividends and Continuation Value/ Share, and 8 Intrinsic Value Per Share.

7. Given the partid Dynamic Chart spreadsheet StockdyZ.xls, complete steps 7 Enter Real
Discount Rate Values and 8 Create A Data Table To CalculateIntrinsic Value/ Share.

TheYied Curve

8.1 Obtaining It From Bond Listings

Problem. Given bond prices and yields as published by the financial press or other information sources,
obtain the U.S. Treasury Yield Curve.

Solution Strategy. Collect information about Treasury Bills and Treasury Strips for a variety of different
maturity dates. Graph the ask yield of these bonds against their time to maturity. See the figure below.

FIGURE 8.1 Spreadsheet Model of The Yield Curve—Obtaining It From Bond Listings.

A | 8 [ ¢ | o [ E JF e [ H] 1[4 ] kK]

[N M o SRR O

THE YIELD CURYE Obtaining It From Bond Listings

Maturity | Time To Yield To
Inputs Date Maturity  Maturity

LS. Treasury Zero-Coupon Yield Curve

7.0

Today 11522088

One month Treasury Bill 1272389 009| 396% (| = 68

Three month Treasury Bl | 2M7/00] 0.24[ 543%(| 3 -~ h“““\*
Six morth Treasury Bil 501800 049| 543% E 6.0 Tz

One year Treasury Strip 115 500 085 5.758% ; i

Twvo year Treasury Strip | 1185001 188 584%|| 5 ' ‘r

Three year Treasury Strip [ 1184 502 298| S93%|[ 8B 5o

Four year Treasury Strip 11 5103 303 FO5%|| =

Five vear Treasury Strip 111 504 485| B26% E 4 62

Ten year Treasury Strip 111509 995| 656% E

Fifteen vear Treasury Stip |11M5M4| 1498| 559% (| = 0%

Twventy year Treasury Strip| 11M5M9]  19.983| 654% 26

Tweenty five vear Treasury 11115724 2498 6.34% a 5 10 15 20 o5 20

Thitty year Treasury Strip 2829 2923 6.05%

Time To Maturity [Years]

How To Build This Spreadsheet M odel.

1. Inputs. Enter the today's date in cell B4.We wish to graph the zero-coupon yield curve, so we
will use zero coupon bonds (i.e., bonds that make a single payment on the maturity date and
nothing before then). We will use U.S. Treasury Bills for maturities of less than one year and U.S.
Treasury Strips for maturities of one year or more. In the financial press, identify 1, 3, and 6
month Treasury Bills and the 1, 2, 3, 4, 5, 10, 15, 20, 25, and 30 year Treasury Strips. We use



more frequent maturities at the short end (1, 3, and 6 month), because often there is more
curvature in the yield curve for short maturities. For each Treasury Bill or Treasury Strip, enter
the maturity date in the range B5:B17 and yield to maturity (the "ask yield" column in the Wall
Sreet Journal) in the range D5:D17 . When entering the maturity date, be sure to use four-digit
years ("2030"), rather than two-digit years ("30"). Excel assumes that two-digit years in the range
00 to 29 arereally 2000 to 2029, but that yearsin the range 30 to 99 arereally 1930 to 1999! This
distinction doesn't matter for most applications, but it does matter for long-term bonds maturing
in 2030 and beyond!

2. TimeTo Maturity. For agiven bond, Time To Maturity = Maturity Date - Today's Date. We can
calculate the fraction of ayear between two calendar dates using Excel’s Analysis ToolPak Add-
In YEARFRAC function. Excel’s Analysis ToolPak Add-In contains several advanced date
functions that are useful in finance.
* Click on Toals, Add-Ins, check the Analysis ToolPak checkbox on the Add-Ins dialog
box (see Figure 2 below), and click on OK.

FIGURE 2. The Add-Insdialog box.

2

* The date function we will use is YEARFRAC(Today's Date, Maturity Date). Enter
=YEARFRAC($B$4,B5) in cell C5. Thetwo $ in $8%4 lock in the row and column when
the cell formulais copied. Copy cell C5 to therange C6:C17.

3. Graph the Yield Curve. Highlight the range C5:D17 and then choose Insert Chart from the
main menu. Select an XY (Scatter) chart type and make other selections to complete the Chart
Wizard.

The November 22nd, 1999 U.S. Treasury Yield Curve demonstrates some frequently-observed properties
of the yield curve. Often, there is a sharp rise at the short-end (up to 1 year to maturity), a gentle rise after
that, and asmall dip at the long-end (past 20 years to maturity).



8.2 Using It To Price A Coupon Bond

Problem. Given the yield curve as published by the financial press, consider a coupon bond has a face
value of $1,000, an annual coupon rate of 5.0%, makes 2 (semiannual) coupon payments per year, and
8 periods to maturity (or 4 years to maturity). What is price and yield to maturity of this coupon bond
based on the Annual Percentage Rate (APR) convention? What is price and yield to maturity of this
coupon bond based on the Effective Annual Rate (EAR) convention?

Solution Strategy. We will use the yield curve you entered in The Yield Curve - Obtaining It From
Bond Listings. We will calculate the bond price as the present value of the bond’ s cash flows, where each
cash flow is discounted based on the correspond yield on the yield curve (e.g., a cash flow in year three
will be discounted based on the yield curve's yield at year three). We will use Excel’s RATE function to
determine the yield to maturity of this coupon bond.

FIGURE 8.2 Spreadsheet Model of TheYield Curve—Using It To Price A Coupon Bond.
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How To Build This Spreadsheet M odel.

1

Start with the Bond Listings Spreadsheet. Open the spreadsheet that you created for The Yield
Curve — Obtaining It From Bond Listings and immediately save the spreadsheet under a new
name using the File | Save As command.

Enter The Bond Inputs and Name Them. Enter O in cell B20. This will serve as a switch
between the APR and the EAR rate conventions. To highlight which rate convention in use, enter
=IF($B$20=1," Effective Annual Rate"," Annual Percentage Rate") in cell C20. Enter the
other bond inputs into the range B21:B25 and then name each one. Put the cursor on cell B21,
click on Insert | Name | Define, enter CR in the Namesin Workbook box, and click on OK. Put
the cursor on cell B22 and repeat the process to name it NOP. Repeat the process to give the cells
B23, and B24 the names N and M, respectively.

Calculatethe Coupon Payment. The formulais Coupon Payment = Coupon Rate * Face Vaue/
(Number of Payments/ Y ear). Enter =CR*M/NOP in cell B27 and use the process above to give
the cell B27 the name INT.

Calculate the Price and Yield To Maturity of a Coupon Bond using the Cash Flows.
Cadlculate the price as the present value of the coupon bond' s cash flows. This bond has two cash
flows per year for four years or eight periods. Enter the period numbers O, 1, 2, ..., 8 in the
range B30:J30. Complete the bond price calculation as follows:

Time (years) = (Period) / (Number of Payments / Year) = Period / NOP. Enter =B30/NOP in
cell B31 and copy it across.

Cash Flowsin Periods 1-7 = Coupon Payment. Enter =INT in cell C32 and copy it across.

Cash Flow in Period 8 = Coupon Payment + Face Vaue. Add +M to the formulain cell J32, so
that it reads =INT+M.

Yield To Maturity = correspond yield on the yield curve. Where there a yield curve Time To
Maturity that closely matches the cash flow Time, use the corresponding yield. Enter =D7 in cell
C33, =D8in cell D33, =D9 in cell F33, =D10in cdll H33, and =D11 in cdll J33. Otherwise, we
will interpolate from the two closest points on the yield curve. For example the yield for the cash
flow at year 1.5, take the average of the one year yield and the two year yield. Enter
=(D33+F33)/2in cell E33, =(F33+H33)/2 in call G33, and =(H33+J33)/2in cell 133.

Discount Rate / Period depends on the rate convention being used as follows:

. _ H1+Yield To Maturity) (1/ (Number of Payments/ Year)) -1 under EAR

Discount Rate/ Period = ]
g  (Yield To Maturity)/(Number of Payments/ Y ear) under APR

Enter =IF($B$20=1,((1+C33)"(/NOP))-1,C33/NOP) in cell C34 and copy it across.

Present Vaue of Cash Flow =(Cash Flow)/((1+Discount Rate/Period)™ Period). Enter

=C32/((1+C34)"C30) incell C35 and copy it across.

Present Vaue of the Bond = Sum of all the Present Value of Cash Flows (row 19). Enter

=SUM (C35:J35) in cell B36.

Coupon Bond Discount Rate / Period. RATE is the Excel function to calculate the discount rate

per period. The format is =RATE(Number of Periodsto Maturity, Coupon Payment, -Bond Price,

Par Vaue). Enter =RATE(N,INT,-B36,M) incell B37.



« Coupon Bond Yield To Maturity. Depends on the rate convention being used as follows:

, , H1+Discount Rate/ Period)~ (Number of Payments/ Year)-1 under EAR
Yield To Maturity = [ ) )
6 (Discount Rate/ Period)[{Number of Payments/ Y ear) under APR

Enter =IF($B$20=1,((1+B37)" (NOP))-1,B37*NOP) in cell B38.

The Coupon Bond's price is $963.61 and its Yield To Maturity is 6.04%. Note that this yield is not the
same as four year yield (6.05%) or any other point on the yield curve. The yield of the coupon bond is a
weighted average of the yields for each of the eight periods. Since the bond's biggest cash flow is on the
meaturity date, the biggest weight in the weighted average is on the maturity date. Thus the coupon bond's
yield is closest to the yidd of the maturity date, but it is not the same.

8.3 Using It To Determine Forward Rates

Problem. Given the yield curve as published by the financial press, calculate the implied forward rates at
all maturities.

Solution Strategy. We will use the yield curve that you entered in a spreadsheet for The Yield Curve -
Obtaining It From Bond Listings. We will calculate the forward rates implied by the yield curve and
then graph our results.

FIGURE 8.3 Spreadsheet Model of The Yield Curve—Using It To Determine Forward Rates.

A | B | ¢ o[ E [F [ 6 [ H [ 1 [ J [ K]
1 | THE YIELD CURVE  Using It To Determine Forward Rates
2 Maturity | Time To Mield Ta Forward .
3 |Inputs Dste  Wiaturity Maturity Rates o5 Treasurs 2"“":“""““:“_”;::'5"
4 |(Today 1172289
5 |One morth Treasury Bill [12/23/99)  0.09) 3.965% | S98%| _ 70 ] —=— Foneard Rates
6 |Three month Treasury Billl 20700 024 519% | 5805 E - .
¥ |Six month Treasury Bil SM 800 043 543% | SES%| 5 & # r,ﬁ" T
g |One year Treazury Strip (114500 095 578%| BI13%| =2 B0 k\w
9 | Twvo year Treasury Strip [114 501 1.95) 594% [ B0 q:;
10 Three year Treasury Strig 114 502 295| 593% | 5891% : 5.Ax
11 |Four vear Treasury Strip [ 111503 3958 B05% [ B41%E E £ (s . \\
12 |Five vear Treasury Strip [ 114504 495 B26% [ FA0% ,E - \.
13 |Ten year Treasury Strip [ 1143/09 995 6.56% | BEE| - 45
14 |Fifteen year Treasury Stri 11M5M 4| 1493 6.59% | BESSS .E
15 | Twwenty year Treasury S 11513 1995 B.54% | BS05 4.0
16 | Twwenty five vear Treasun 111524 | 24 95( 6.34% | S.54% :
17 | Thirty vear Treasury Stripd 21529 | 2923 6.05% | 4.56%: e o . M M a0 a5 a0
12 Time To Maturity [Years]

How To Build This Spreadsheet M odel.

1. Start with the Bond Listings Spreadsheet. Open the spreadsheet that you created for The Yield
Curve - Obtaining It From Bond Listings and immediately save the spreadsheet under a new
name using the File | Save As command.



2. Insert a Column and Format It. Select the cell E1 and click on Insert | Columns. To get rid of
the yellow background, select the range E5:E17, click on Format | Cells, click on the Patterns
tab, click on the No Color s button, and click on OK .

3. Forward Rates. The forward rate from date T-1 to date T is given by

(1+k )
(1+ rT_:L)T—l !

where k; isthedate T yield and k;_, isthedate T-1 yield. More generally, the forward rate from
any datettodate T is given by

FRT—l,T =

N Tt (l+ k; )T
(1+FR;) _—(1+kt)t .

Solving for the forward rate, we obtain
1+k T 7T
FR_ = vk )t -1
(1+k)
Enter =(((1+D5)"C5)/((1+D4)*C4))" (1/(C5-C4))-1in cell E5 and copy it down.

4. Add The Forward Rates To The Graph. To add the forward rates, select the range E5:E17.,
click on Edit | Copy, then select the graph by clicking anywhere on the graph, and click on
Edit | Paste.

Using the forward rates as at least a rough forecast of future interest rates and taking the forward rates at
face value, they would suggest that interest rates are going to be in the 8% range in the short run, rising to
7% in five years, and declining below 5% in the long run. One difficulty with taking this interpretation
literally has to do with market segmentation in the demand for treasury securities. There is significantly
more demand for short-term bonds than bonds of other maturities, for their use in short-term cash
management. There is aso extra demand by institutional bond funds for the newly-issued, longest
maturity treasury bond (the so-called, "on-the-run” bond). High demand means high prices, which means
low yields. Thus, the yield curve istypically has lower yields at the short end and the long end due to this
segmentation in market demand. It is not clear whether this yield curve would be nearly flat or not in the
absence of market segmentation. Ignoring the extreme forward rates generated by the short run and long
run segmentation, the forecast seems to be between 6.0% and 6.5%.

Problems

Skill-Building Problems.

1. Given the yield curve as published by the financial press, consider a coupon bond has a face
value of $2,000, an annua coupon rate of 4.2% , makes 2 (semiannual) coupon payments per
year, and 8 periods to maturity (or 4 years to maturity). Determine the price and yield to
meaturity of this coupon bond based on the Annual Percentage Rate (APR) convention. Then useit



to determine the price and yield to maturity of this coupon bond based on the Effective Annual
Rate (EAR) convention.

2. Giventheyield curve as published by the financial press, calculate the implied forward rates at all
maturities.

Liveln-class Problems.

3. Given the partial Obtaining It From Bond Listings spreadsheet YieldliZ.xls, do step 2 Time To
Maturity.

4. Given the partial Using It To Price A Coupon Bond spreadsheet YieldcoZ .xls, complete step 4
CalculatethePriceand Yield To Maturity of a Coupon Bond using the Cash Flows.

5. Given the partial Using It To Determine Forward Rates spreadsheet YiedfoZ.xls, do step 3
Forward Rates.

9 USYield Curve Dynamics
9.1 Dynamic Chart

How does the US yield curve change over time? What determines the volatility of changes in the yield
curve? Are there differences in the volatility of short rates, medium rates, long rates, etc.? You can
answer these questions and more using a Dynamic Chart of the yield curve, which is based on 30 years of
monthly US zero-coupon, yield curve data.

| have made a major exception for this spreadsheet model and provided the model already built. To load
the model, click on | will update this spreadsheet model each month with the latest yield
cuve data and make it avalable for free in the "Free Samples’ section of
http://www.spreadsheetmodeling.com|

The step-by-step instructions below explain how it you can build this model. The dynamic chart uses
“spinners,” which are up-arrow / down-arrow buttons, that allow you to advance the yield curve graph
from month to month. This allows you to see a dynamic "movie" or animation of the yield curve over
time. Thus, you can directly observe the volatility of the yield curve and other dynamic properties. For
details of what to look for, see the discussion below on "using the spreadsheet model."

FIGURE 9.1 Spreadsheet Model of USYield Curve Dynamics— Dynamic Chart.


http://www.spreadsheetmodeling.com/

A | 8 [ ¢ [ p [ E[F[] & [ H | l
. |US YIELD CurvE DyNaMmics  Dynamic Chart
2 Static Features: Shape = Upward Month= Nov87
3 |Inputs
4 - Dynamic Chart of US Yield Curve Dynamics
5 |Row - 16%
: 2| g14%
: 512%

[ L1}

1g|:| = 10% > L . 4 &
11 s 8%
12 = 5% -
13 I 4%,
14 -
15 2%
18 0%
17
18 0 5 10 15 20 25 30
19 Time To Maturity (Years)
20 | Outputs
21 |Time To Maturity | 0053333 0.25 0.5 1 2 3 4 o
22 |Yield To Maturity [ 3659 5.36% | 6.43%| 7.09%) 7E4%] 8.04% 8.33% | 8.54%
23 |Craig Holden's Dynamic Chart of US Yield Curve Iynamics
24 1@ Copyright 2000 Craig W, Holden
23 Al Rights Reserved
26 |%ou are granted permizsion to use this spreadsheet for any purpose.
27 |Comments are welcome.,  E-mail: choldeni@indiana edu
28 |Mail: Professar Craig W Holden, Kelley Schaol of Business, Indiana University, Bloomington, IM 47405

How To Build This Spreadsheet M odel.

1. Start with a Spreadsheet Containing the Yield Curve Database. Click on to
open a spreadsheet containing the yield curve database (see Figure 2). Select t%l
and click on Insert | Columns. Columns P, Q, and R contain three sets of titles for the dataset.
Columns S, T, and U contain yield data for bond maturities of one month, three months, and six
months (0.833, 0.25, and 0.50 years, respectively). Columns V through AE contain yield data for
bond maturities of 1, 2, 3, 4, 5, 10, 15, 20, 25, and 30 years. Rows 2 through 9 contain examples
of static features yield curve that can be observed from actual data in a particular month. For
example, the yield curve is sometimes upward doping (asit was in Nov 87) or downward sloping
(in Nov 80) or flat (in Jan 70) or hump shaped (in Dec 78). Rows 10 through 376 contain monthly
US zero-coupon, yield curve data from January 1970 through June 2000. For the period from
January 1970 through December 1991, the database is based on the Bliss (1992) monthly
estimates of the zero-coupon, yield curve. Bliss fits a parsimonious, nonlinear function that is
capable of matching all of the empirically observed shapes of the zero-coupon, yield curve. For
more details see Bliss, R., 1992, "Testing Term Structure Estimation Methods," Indiana
University Discussion Paper #519. For the period from January 1992 to June 2000, the yield
curve is directly observed from Treasury Bills and Strips in the Wall Sreet Journal.

FIGURE 9.2 Spreadsheet Containing the Yield Curve Database.



p Q | R s [ 17 [ o [ w | w [ x ]
Time To | Time To | Time To | Time To | Time To | Time To
1 Maturity | Maturity | Maturity | Matority  Maturity | Maturity
2 |Title 1 Title 2 Title 3 00333 025 na 1 2 3
3 |Static Features: Shape = Upvward Mow-87 [ 3E65% 536% 643% 7T.09%| 7YEB4% | S04%
4 | Static Features: Shape = Dowenweard | Mow-80[14.83%  14680% 14 64% 1417%  13.22% 12.75%
5 | Static Features: Shape = Flat Jan-70[ T¥3% S00% S03%  YO9%  TOS%  FO4%
B |Static Features: Shape = Humg Dec-Fa S82% 94839% 9299% 1018% | 9.76% | 940%
¥ |Static Features: Lewvel = Low Dec-70| 462% 4919% 495% 502% 540% S5E69%
8 |Static Features: Lewvel = High Oct-81 [1265% ) 1343%  13.583%  13.89%  14.01% 14.06%
9 |Static Features: Curvature = Little Dec-F2( 403%  524% S44% SE2%| S86%| BO1%
10 |Static Features: Curvature = Lot Sep-82 BEYI TOAYW  905% 10.29% 11468% 11 .43%
11 [Monthly Dvnamics: Jan-70[ TF3% S00% S5.03% FO9% TO5%  TO4%
12 [Monthly Dyvnamics: Feb-7O| 623% 699% 697% 6.96% 702% 7.04%
13 |Morthly Dynammics: Mar-70| 533% G44% 653% G667 EB85% £95%
14 |Morthly Dynamics: Apr-7O( E48%  T.03%  F.35% FA0% TEOW TETWH
15 [Monthly Dvnamics: May-70[ G22% ) TO3% F28% 745% 7T58% TEIN
16 [Monthly Dyvnamics: Jun-70[ GA4% ) B47% BEEI% TAT®H T43% TEI%
17 |Morthly Doynamics: Jul-TO| B32% B.38% B55% BETW| TA9%| TO%
18 [Morthly Dyvnamics: Aug-7FO0[ B22% ) B38% E57% B83W TOFW TFA8%
19 [Monthly Dvnamics: Sep-70[ 532%  G604%  G649% 663% BE4% BITH
20 Monthly Dyvnamics: Oct-70[ 523% 0 S981% ) B23%  B6.33% Ba0% G6.E9%
21 |Morithly Doynamics: Mow-70| 486%  505%  SA41%  S510% S29% S559%

Create a Spinner. Click on View | Toolbars | Forms from the main menu. Look for the up-
arrow / down-arrow button on the Forms toolbar (which will display the word “Spinner” if you
hover the cursor over it) and click on it. Then draw the box for a spinner in the range A4: A5.

Create The Cdll Link. Right click on the spinner and a small menu pops up. Click on Format
Control and a didog box pops up. Click on the Controal tab, then enter the cell link A6 in the
Cell link edit box, set the Minimum value equal to 2, and click on OK. Test your spinner by
clicking on the up-arrows and down-arrows of the spinner to see how it changes the value in the
linked cell.

Time To Maturity. Reference the Database's Time To Maturity valuesin the range S2: AE2, by
entering =S2 in cell B21 and copy it to the range C21:N21.

Yield To Maturity. Reference the Database's Yield To Maturity values using the Exce
HL OOKUP function. The format is =HLOOKUP(Lookup value, Database, Row). The Lookup
value is the corresponding Time To Maturity, the database is the range P2: AE600, which has
aready been given the range name "Database," and the Row is the linked cell A6. Enter
=HL OOK UP(B21,Database,$A$6) in cell B22 and copy it across.

Graph the Yield To Maturity by Time To Maturity. Highlight the range B21:N22. Next
choose Insert | Chart from the main menu. Select an XY (Scatter) chart type and make other
selections to compl ete the Chart Wizard. Place the graph in the range B3:120.

Three Titles. Reference the Database's three columns of Title values using the Exce
HL OOKUP function. The format is same as above, except that the Lookup value will be the
column headings ("Title 1", etc.) that we wish to reference. Enter =HLOOKUP(" Title
1" ,Database,$A$6) in cell B2, =HLOOKUP(" Title 2" ,Database,$A$6)in cell E2, and
=HLOOKUP(" Title 3" ,Database,$A$6) in cell 12. To format the date title, select cell 12, click
on Format | Cells, click on Date in the Category list box, click on Mar-98 format in the Type
list box, and click on OK.



Using The Spreadsheet Model.

To run the Dynamic Chart, click on the up arrow of the spinner. The movie / animation begins with some
background on the yield curve's static features. In the 30 year database we observe:

- four different shapes. upward-soping, downward-d oping, flat, and hump-shaped,
« theoveradl level of theyield curve ranges from low to high, and
« theamount of curvature at the short end ranges from alittleto alot.

Keep clicking on the spinner and you will get to the section of the Dynamic Chart covering 30 years of
the US yield curve history. This section shows the yield curve on a month by month basis. For example,
Figure 3 shows the US yield curve in November 1970.

FIGURE 9.3 Spreadsheet Containing the Month By Month History — Dynamic Chart.

A2 | 8 [ ¢ [ o [ E[F [ & [ H | |
, |US YIELD CurveE Dynamics Dynamic Chart
2 Monthly Dynamics: Month = Nov-70
3 |Inputs . . .
4 - Dynamic Chart of US Yield Curve Dynamics
5 Row = 16%
- 0 214%
: 512%
s £10%
10 o
1 o 8% * ¢ +
12 - 8% —?...—ﬁ_ »
12 2 4%
14 -
15 2%
16 0%
17
18 0 5 10 15 20 25 30
13 Time To Maturity (Years)
20 | Outputs
21 |Time To Maturity | 00533335 0.25 05 1 2 3 4 5
22 |ield To Maturity [ #8658 5055 S11%| 510%) 5.29%] 5.59%| 5.85% | 5.05%
23 |Craig Holden's Dynamic Chart of US Yield Curve Iynamics
24 1@ Copyright 2000 Craig W, Holden
25 Al Rights Reserved
26 |You are granted permizsion 1o use this spreadshest for any purpose.
27 |Comments are welcome.  E-mail: choldeni@indiana edu
28 IMail: Professar Craig W .Holden, Kelley Zchool of Businezs, Indiana University, Bloomincton, IN 47405

Keep clicking on the spinner and you will see the yield curve move around over time. By observing this
movie / animation, you should be able to recognize the following key dynamic properties of the yield
curve:

» short rates (the 0 to 5 year piece of the yield curve) are more volatile than long rates (the 15 to 30
year piece),

« the overall volatility of the yield curve is higher when the level is higher (especially in the early
80's), and



» sometimes there are sharp reactions to government intervention.

As an example of the later, consider what happened in 1980. Figure 4 shows the yield curve in January
1980.

FIGURE 9.4 Spreadsheet Showing The Yield Curvein January 1980.

A | 8 [ ¢ [ p [ E[F[] & [ H | l
. |US YIELD CurvE DyNaMmics  Dynamic Chart
2 Monthly Dynamics: Month = Jan-80
3 |Inputs . . .
4 - Dynamic Chart of US Yield Curve Dynamics
5 |Row - 16%
=] 130 149

(i}
5 = 12% ’."-O-o-c ’
e e e 9
C S10%
10 o
F o

12 = 6%
13 E 4%,
14 =
15 2%
16 0o
17
18 0 5 10 15 20 25 30
19 Time To Maturity (Years)
20 | Outputs
21 |Time To Maturity | 0053333 0.25 0.5 1 2 3 4 o
22 |Yield To Maturity T ERSE] 12425 123 1% 11 6% 11 .16%] 10.95% | 10.89% | 10.83%
23 |Craig Holden's Iynamic Chart of US Yield Curve Iynamics
24 1@ Copyright 2000 Craig W, Holden
23 Al Rights Reserved
26 |%ou are granted permizsion to use this spreadsheet for any purpose.
27 |Comments are welcome.,  E-mail: choldeni@indiana edu
28 IMail: Professar Craig W .Holden, Kelley School of Business, Indiana University, Bloomington, IM 47405

Short rates were around 12% and long rates were at 10.7%. President Jimmy Carter was running for re-

election. He wished to manipulate the election year economy to make it better for his re-election bid. His
strategy for doing this was to impose credit controls on the banking system. Click on the spinner to see
what the reaction of the financial market was.

FIGURE 9.5 Spreadsheet Showing The Yield Curvein March 1980.



A | B [ ¢ | o [ E [ F ] & [ H | |
. |US YIELD CurvE DyNaMmics  Dynamic Chart
2 Monthly Dynamics: Month = Mar-80
3 |Inputs
4 - Dynamic Chart of US Yield Curve Dynamics
5 |Row - 16%
s =) gt Pag -
5 E 12% * . + > »
C S10%
10 o
12 = 6%
13 T o,
14 E 4%
15 2%
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17
18 0 5 10 15 20 25 30
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23 |Craig Holden's Iynamic Chart of US Yield Curve Iynamics
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28 IMail: Professar Craig W .Holden, Kelley School of Business, Indiana University, Bloomington, IM 47405

In two months time, the short rate when up to 15.5%, an increase of 3.5%! What a disaster! This was the
opposite of the reaction the Carter had intended. Notice that long rates when up to 11.7%, an increase of
only 1%. Apparently, the market expected that this intervention would only be a short-lived phenomena.
Carter quickly realized what a big political mistake he had made and announced that the credit controls
were being dropped. Click on the spinner to see what the reaction of the financia market was.

FIGURE 9.6 Spreadsheet Showing The Yield Curvein April 1980.



A | B | ¢ | o [ E | F ] & [ H | |
. |US YIELD CurvE DyNamics  Dynamic Chart
2 Monthly Dynamics: Month = Apr-80
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28 |Mail: Professor Craig W .Holden, Kelley School of Business | Indiana University, Bloomington, IM 47405

Short rates dropped to 10.9%! A drop of 4.6% in one month! The high interest rates went away, but the
political damage was done. Thisisthe single biggest change in the yield curvein 30 years.

Problems

Skill-Building Problems.
1. How volatile are short rates versus medium rates versus long rates?

(a) Get avisual sense of the answer to this question by clicking on the spinner (up/down arrow)
to run through all of the years of US Yield Curve history in the database.

(b.) Cdculate the variance of the time series of: (i) one-month yields, (ii) five-year yields, (iii)
fifteen-year yields, and (iv) thirty year yields. Use Excel's VAR function to calculate the variance
of theyieldsin columns S, Z, AB, and AE inthe US Yield Curve Dynamics - Dynamic Chart
spreadsheet.

2. Determine the relationship between the volatility of the yield curve and the level of the yield
curve. Specificaly, for each five year time period (70-74, 75-79, 80-84, etc.) caculate the
variance and the average level of the time series of: (i) one-month yields, (ii) five-year yields, (iii)
fifteen-year yields, and (iv) thirty year yields. Use Excel's VAR and AVERAGE functions to
calculate the variance and the average of five-year ranges of the yieldsin columns S, Z, AB, and
AE inthe US Yied Curve Dynamics - Dynamic Chart spreadsheet. For example:



The 70-74 time series of one-month yieldsisin the range S11-S70.
The 75-79 time series of one-month yieldsisin the range S71-S130.
The 80-84 time series of one-month yieldsisin the range S131-S190.
And so on.

O O o o

Summarize what you have learned from this analysis.
LiveIn-class Problems.

8. Given the partial Dynamic Chart spreadsheet YcdyndyZ.xls, complete steps 4 Time To
Maturity and 5 Yield To Maturity.

PART 3 CAPITAL BUDGETING

10 Project NPV
10.1 Basics

Problem. Suppose a firm is considering the following project, where al of the dollar figures are in
thousands of dollars. In year O, the project requires $11,350 investment in plant and equipment, is
depreciated using the straight-line method over seven years, and there is a salvage value of $1,400 in year
7. The project is forecast to generate sales of 2,000 units in year 1, rising to 7,400 units in year 5,
declining to 1,800 unitsin year 7, and dropping to zero in year 8. The inflation rate is forecast to be 2.0%
inyear 1, rising to 4.0% in year 5, and then leveling off. The real cost of capital isforecast to be 11.0% in
year 1, rising to 12.2% in year 7. The tax rate is forecast to be a constant 35.0%. Sales revenue per unit is
forecast to be $9.70 in year 1 and then grow with inflation. Variable cost per unit is forecast to be $7.40 in
year 1 and then grow with inflation. Cash fixed costs are forecast to be $5,280 in year 1 and then grow
with inflation. What is the project NPV ?

Solution Strategy. Forecast key assumptions, discounting, sales revenue per unit, variable costs per unit,
and fixed costs over the seven year horizon. Then, forecast the project income and expense items.
Calculate the net cash flows. Discount each cash flow back to the present and sum to get the NPV.

Modeling Issue. The inflation rate is forecast separately and explicitly enters into the calculation of: (1)
the discount rate (= cost of capital) and (2) price or cost / unit items. This guarantees that we are
consistent in the way we are treating the inflation component of cash flows in the numerator of the NPV
calculation and the inflation component of the discount rate in the denominator of the NPV calculation.
This avoids a common error in practice that people often treat the cash flows and discount rates as if they
were unrelated to each other and thus they are inconsistent in way that they implicitly treat the inflation
component of each.



FIGURE 10.1 Spreadsheet for Project NPV - Basics.

A B | ¢ [ b | E | F [ & [ H | 1 1
1 | PROJECT NPV Basics
2 |(inthousands of ) 2001 2002 2003 2004 2005 2006 2007 2003
3 “egr 0 Year 1 “ear 2 | Yeard | Yeard | WearS | YeasrB 0 Year ¥
4 |Key Assumptions
5 |Unit Sales 2000 4000 SE00 G300 7400 3700 1800
6 |Inflation Rate 20% 25% a3.0% 3.5% 4 0% 4 0% 4 0%
7 |Real Cost of Capital 11.0% 11.2% 11 4% 11 6% 11.58% 12.0% 12.2%
8 |Tax Rate 35 0% a5 0% 35.0% 35.0% 35 0% a5 0% 35.0%
g
10 |Discounting
11 |Dizcount Rate = Cost of Capital 13.2% 14 0% 14 79 15.5% 16.3% 16.5% 16. 7%
12 |Cumulative Dizcount Factor 0.0% 13.2% 29.0% 45.1% 71 .0% 95.9% 131 6% 170.3%
13
14 |Price or Cost / Unit
15 |Zales Revenue [ Unit $2.70 $994  F1024  F060 | F1102  F146 0 F11892
16 [%ariakble Cozt 5 Unit F7.40 F7.59 F7 81 F5.09 241 F5.75 Fa.10
17 |Cash Fixed Costs $5280 | $5412 | $5574 | $5769  $6,000 | $65240 | %6490
15
19 |Cash Flow Forecasts
20 |Sales Revenue $19400 $39770 | §57 345 72075 | §91 571 $42.417 | §21 461
21 |variable Costs $14 800  $30,340  F43 750 | 54,985  §62.230 | $32359 | §16,372
22 |Gros=s Margin $4,600 | $9430 | $13,595 |$17,090 $19,342 |$10058 | 5,089
23
24 |Zash Fixed Costs F5 280  Fs M2 5574 5 TES 0 5000 | §5 240 | 6490
25 |Depreciation 1621 | F1621 | 1,621 F 61 | F16M | F1E21 | §1,62
26 |Total Fixed Costs $6,901 | $7,033 | $7196 | 7391 | §7622 | §TEE2 | $E,111
27
28 |Opersting Profit (52,3017 $2397 | §5402 | 9699 | §11720 | $2196  (§3,023)
29 |Taxes (8067 $839 | $2241 | $3.395 | §4.102 §769 | (F1,058)
30 |Met Profit (81 4961 $1,558 | B4061 | $6304 | FTE1E | $1,427 | (H 965
31
32 | &cld Back Deprecistion F1E21 | BB | F1E2 | F162 | FEM | 1621 F15M
33 |Operating Cash Flow $126 | $3179 | $5783 | §7A26 | $9239 | $3.049 | (5343
34
33 |Investment in Plart & Equip [F11 3500 | F1, 400
36 |Cazh Flows (R4 3500 $26 | 3479 | §5,783 | $7O26  $9.239 | §3049 | §1,057
37 |Present “alue of Each Cash Flowe | (511 350 F111 F2464 53905 F4634  F4E4E | F1,3E F391
38 |Net Prezent Yalue 6117

How To Build Your Own Spreadsheet Moddl.

1. Set-up Titles and Freeze Panes. Enter column titles, such as 2001, 2002, etc. in row 2 and Y ear
0, Year 1, etc. in row 3. Then, place the cursor in cell B4 and click on Window | Freeze Panes.
This freezes the top three rows to provide column titles and freezes the first column to provide
row titles.

2. Inputs. Enter the key assumptions in the range C5:18, the year 1 price and cost inputs in the
range C15:C17, the year O investment in plant and equipment (as a negative number) in cell B35,
and the year 7 salvage valuein cell 135.

3. Discounting. Calculate the (nominal) discount rate, which is the (nominal) cost of capital. Then
calculate the cumulative discount rate.



(0]

Discount Rate = Cost of Capital. The formula for the (Nominal) Discount Rate = (1 +
Inflation Rate) * (1 + Rea Discount Rate) - 1. Enter =(1+C6)*(1+C7)-1in cell C11 and
copy it across.

Cumulative Discount Factor. This is the product of the year-by-year discount factors
cumulated to a given date. Enter 0.0% in cell B12. Therest are calculated as (This Year's
Cumulative Discount Factor) = (1 + Last Y ear's Cumulative Discount Factor) * (1 + This
Y ear's Discount Rate) - 1. Enter =(1+B12)* (1+C11)-1in cell C12 and copy across.

4. Forecast Price and Cost Items. The price and cost items are projected by growing the item at
the inflation rate. This Year's Price/Cost = (Last Year's Price/Cost) * (1 + This Year's Inflation
Rate). Enter =C15*(1+D$6) in cell D15 and copy theit to therange D15:117. The $ signsin D$6
locksin row 6, which theinflation rate row.

5. Cash Flow Forecasts. Forecast each of the cash flow items as appropriate.

(0]

Sales Revenue = (Sales Revenue / Unit) * (Units sold). Enter =C5*C15 in cell C20 and
COpY across.

Variable Costs = (Variable Costs / Unit) * (Units sold). Enter =C5*C16 in cell C21 and
COpY across.

Gross Margin = Saes Revenue - Variable Costs. Enter =C20-C21 in cell C22 and copy
across.

Cash Fixed Costs = Cash Fixed Costs. Enter =C17 in cell C24 and copy across.

Depreciation = -(Investment in Plant and Equipment) / (Number of years to fully
depreciate). Depreciation is held constant each year, because the straight-line method is
being used. Enter =-$B$35/7 in cell C25 and copy across.

Total Fixed Costs = Cash Fixed Costs + Depreciation. Enter =C24+C25 in cell C26 and
COpY across.

Operating Profit = Gross Margin - Total Fixed Costs. Enter =C22-C26 in cell C28 and
COpY across.

Taxes = Operating Profit * Tax Rate. Enter =C28*C8 in cell C29 and copy across.
Net Profit = Operating Profit - Taxes. Enter =C28-C29 in cell C30 and copy across.
Add Back Depreciation = Depreciation. Enter =C25 in cell C32 and copy across.

Operating Cash Flow = Net Profit + Add Back Depreciation. Enter =C30+C32 in cell
C33 and copy across.

Cash Flows = Operating Cash Flow + Investment in Plant and Equipment. Enter
=B33+B35 in cell B36 and copy across.

6. Present Value and NPV. Discount the forecasted cash flows back to the present as follows:



o Present Value of Each Cash Flow = (Cash Flow) / (1 + Cumulative Discount Factor).
Enter =B36/(1+B12) in cell B37 and copy across.

o Net Present Value = Sum of Present Value of the Cash Flows. Enter =SUM (B37:137) in
cell B38.

The Net Present Value of the project is $6,117. The project should be accepted.

10.2 Forecasting Cash Flows

Problem. Consider the same project as Project NPV - Basics. Let's examine the details of how you
forecast the project cash flows. Suppose that Direct Labor, Materias, Selling Expenses, and Other
Variable Costs are forecast to be $3.50, $2.00, $1.20, and $0.70, respectively, in year 1 and then grow
with inflation. Lease Payment, Property Taxes, Administration, Advertising, and Other cash fixed costs
are forecast to be $2,800, $580, $450, $930, and $520, respectively, in year 1 and then grow with
inflation. What isthe Total Variable Cost / Unit, the Total Cash Fixed Costs, and the project NPV ?

Solution Strategy. Forecast the variable cost / unit and cash fixed costs in more detail. Then sum up al
of the items in each category to get the total. Feed these sums into the previous analysis of the project
NPV.

FIGURE 10.2 Spreadsheet for Forecasting Project Assumptions, Discounting, & Price or Cost /
Unit.



o, B | ¢ | o | E [ F [ & | H [ |
1 | PROJECT NPV Forecasting Cash Flows
2 |(inthousands of 3 20 2002 2003 2004 2005 20086 2007 2005
3 “egr 0 Year 1 Year2 | Weard | Yeard | YearS | YearB | YWear ¥
4 |Key Assumptions
5 |Unt Sales 2000 4000 SEO0 300 7400 3700 1800
& |Inflation Rate 2.0% 25% 30% 3.5% 4.0% 4 0% 4 0%
¥ |Real Cost of Capital 11.0% ) 11.2% 11.4% 11.6% 11.6% 120% 122%
2 |Tax Rate 350% [ 350% 35.0% 25.0% 35 .0% IS0% [ 350%
g
10 | Discounting
11 |Dizgcount Rate = Cost of Capital 13.2% 0 140% 14.7% 15.5% 16.3% 165% 167%
12 | Cumulative Discount Factor 0.0% 13.2% 0 280% 45.1% 71.0% 95.9% | 131 6% 1705%
13
14 |Price or Cost / Unit
15 |Sales Revenue { Unit $9.94  $1024  $1060  $11.02  $11.46 31192
16
17 |Variable Costs § Unit:
18 | Direct Lakar F3.50 F3.59 F3.70 $3.82 §3.92 F4.14 F4.50
19 | Materials F2.00 5205 F2.11 F219 5227 F2.36 F24E5
20 | =eling Expenses $1.20 $1.23 F1.27 .3 $1.36 F1.42 F1.47
21 Cther F0.70 F0.72 F0.74 J0VE 050 F0.55 F0.56
22 |Total Variable Cost § Unit F7.40 F7 .59 F7.51 $5.09 Fi5.41 F5.75 F9.10
23
24 | Cazh Fixed Costs:
25 | Lease Payment $2800 | $2570 | $2956  $3,060 | §3182 | $3.309 | F3442
26 | Property Taxes Fa50 595 FE12 634 659 FE55 Fr13
27 | Administration 450 461 5475 F492 F511 F532 Fo53
28 | Advertising $930 |  $953 $982 | $1,016 | $1,057  $1,009 | $1.143
29 | Tther Fa20 F533 F549 b ] ata) F591 JE15 J538
30 |Tatal Cash Fixed Costs $5,280 | $5412 | $5574 | 5,769 | §6,.000 | $6,240 | $5490

How To Build Your Own Spreadsheet Moddl.

1. Open the Basics Spreadsheet and Add Rows. Open the spreadsheet that you created for Project
NPV - Basics and immediately save the spreadsheet under a new name using the File| Save As
command. Select A16:A21 and click on Insert | Row. Select A23:A29 and click on Insert |

Row.

2. Inputs. Enter the Variable Cost / Unit inputs in the range C18:C21 and the Cash Fixed Cost

inputs in the range C25: C29.

3. Forecast The Detailed Items. The detailed Variable Cost / Unit items and Cash Fixed Cost items
are projected by growing the item at the inflation rate. Copy the cell D15 to the range D18:121.

Copy the cell D21 to therange D25:129.

4. Totals. Sum up the Variable Cost / Unit and Cash Fixed Cost categories.

o Total Variable Cost / Unit. Enter =SUM (C18:C21) in cell C22 and copy across.

o Total Cash Fixed Costs. Enter =SUM (C25:C29) in cell C30 and copy across.

FIGURE 10.3 Spreadsheet for Cash Flow Forecasts.




o, B | ¢ | o | E [ F [ & | H [ 1 |
1 | PROJECT NPV Forecasting Cash Flows
2 |(inthousands of §1 2001 2002 2003 2004 2005 2006 2007 2003
3 “egr 0 Year 1 Year2 | Weard | Yeard | YearS | YearB | YWear ¥
32 |Cash Flow Forecasts
33 |Sales Revenue F19400 F39770 F57 348 (FTZ075  FS1 5T RAZ AT OFM 461
34 |Variahle Costs F14 800 F30340  §43 750 FS54935 F62230 §32359 F16372
35 |Grozs Margin F4 600 | $9430 $13 595 H17090 F19342 F0O058 | F5,089
36
37 |Cazh Fixed Costs F5280 | 52 §5574 PS5 YE0 FEO000 | F65240 | 36,490
358 |Depreciation ¥ 621 | $1,621  ®EX FE21 | F1E62 ¥ EM | 1621
39 |Total Fixed Costs FEO01 | §TO033 0 F7196 0 Y39 | §TE22 0 FTEE2 | 3514
40
41 | Operating Profit [(F2,3011 §F2397 | 6402  §9699 F11,720 | 2196  (F3 023
42 | Taxes [FE0ET F5939 224 $3393 0 F4102 F69  (F1 035
43 |Met Profit (F1 4967 $1,558 | 4161 $6.304 | FTE1S | B 427 (§1 965
44
45 | Add Back Deprecigtion FE2 | B1621 ®EXM  ¥E21 | FEM  FEM | F1E21
46 | Operating Cash Flow F126  $3179 0 F5783 | F7926 | $9239 0 §3 0439 (53430
47
48 |Investment in Plart & Equip [F11,3500 1. 400
49 |Cazh Flowes [F11,350) F126 F3179  F5783 | FF926 | $9.239  F3 049 0 F1,057
S0 |Present “alue of Each Cash Flowe [ (511,350 F111 | §2464  F3905 | F4634 | F4645  F1 316 Fam
51 |Met Present Yalue FEA1T

The Net Present Value of the project remains $6,117 as before.

10.3 Working Capital

Problem. Consider the same project as Project NPV - Forecasting Cash Flows. Suppose we add that the
project will require working capital in the amount of $0.87 in year O for every unit of next year's
forecasted sales and this amount will grow with inflation going forward. What is the project NPV?

Solution Strategy. Forecast the working capital amount per next year's unit sales. Then multiply by the
forecasted unit sales to determined the required working capital each year. Include the investment in
working capital to the total investment cash flows and cal cul ate the project NPV.

FIGURE 10.4 Spreadsheet for Forecasting Project Assumptions, Discounting, & Price or Cost /
Unit.



o, B | ¢ | o | E | F | & | H | 1 |

1 | PROJECT NPV Working Capital

2 |(inthousands of 3 20 2002 2003 2004 2005 20086 2007 2005

3 “ear 0 Wearl | YWear2  YWear3d | Yeard  MYearS | VYearb | Year 7

4 |Key Assumptions

5 |Unt Sales 2000 4000 SEO0 300 7400 3700 1800
& |Inflation Rate 2.0% 25% 30% 3.5% 4.0% 4 0% 4 0%
¥ |Real Cost of Capital 11.0% ) 11.2% 11.4% 11.6% 11.6% 120% 122%
2 |Tax Rate 350% [ 350% 35.0% 25.0% 35 .0% IS0% [ 350%
g

10 | Discounting

11 |Dizgcount Rate = Cost of Capital 13.2% 0 140% 14.7% 15.5% 16.3% 165% 167%
12 | Cumulative Discount Factor 0.0% 13.2% 0 280% 45.1% 71.0% 95.9% | 131 6% 1705%
13

14 |Price or Cost / Unit

15 |Sales Revenue { Unit $9.94  $1024  $1060  $11.02  $11.46 31192

16

17 [Wariable Costs fUnit:

18 | Direct Labor $3.50 $3.59 F3.70 $3.82 $3.95 $4.14 $4.30

19 | Materials F2.00 5205 F211 F219 F2.27 §2.36 F2 45

20 | =eling Expenses $1.20 F1.23 127 5. $1.36 142 147

21 Cther $0.70 $0.72 $0.74 $0.76 F0.50 $0.53 F0.56

22 |Total Variable Cost § Unit F7.40 $7.54 F7 .51 $5.09 Fi5.41 $5.75 F9.10

23

24 |Zazh Fixed Costs:

75 | Leasze Payment $2800 | $2570 | $2956  $3,060 | $3182 | $3.309 | F3442

26 | Property Taxes Fa80 595 612 F534 659 bl =ta i) Fr13

27 | Administration F450 F4E1 F475 402 F511 F532 F553

78 | Advertising $930 | 953 $982 | $1,016 | $1,057  $1,009 | $1.143

29 | Cther $520 3533 5449 F565 F591 3615 $639

30 | Total Cash Fixed Costa $5,280 | $5412 | $5574 | $5769 | $6000 | $6.240 | $6490

Ky

32 Wiork Cap £ Mext v Unit Sales F0.87 $0.539 $0.91 F0.94 $0.97 $1.01 $1.05 F1.09

33 [Wiorking Capital $1,740 | $3550 | §5094 | $6371 | $7176 373 | §1,.888 0

How To Build Your Own Spreadsheet Moddl.

1. Open the Forecasting Cash Flows Spreadsheet and Add Rows. Open the spreadsheet that you
created for Project NPV - Forecasting Cash Flows and immediately save the spreadsheet under a
new name using the File| Save As command. Select A32:A34 and click on Insert | Row. Select
A5l and click on Insert | Row. Select A53: A54 and click on Insert | Row.

2. Forecast Working Capital / Next Year's Unit Sales. Enter the input in cell B32. Thisitem is
projected by growing it at the inflation rate. This Year's Work Cap/Next Yr Unit Sales = (Last
Year's Work Cap/Next Yr Unit Sales) * (1 + This Year's Inflation Rate). Enter =B32* (1+C$6) in
cell C32 and copy it across.

3. Forecast Working Capital. Working Capital = (This Year's Work Cap/Next Yr Unit Sales) *
(Next Yr Unit Sales). Enter =B32*C5in cell B33 and copy it across.

FIGURE 10.5 Spreadsheet for Cash Flow Forecasts.



2 B | ¢ | D | E F G H [
1 |PROJECT NPV Working Capital
2 |(inthousands of F 2001 2002 2003 2004 2005 2006 2007 20038
3 “ear 0 Year 1 Year? | Year3d | Yeard | Years | YearB | Year ¥
35 |Cash Flow Forecasts
36 |Sales Revenue F19 400 F39770 Fo7 348  FF2075  FS1 5T R42 417 | F21 4681
37 [Wariable Costs F14 800 F30340 F43 750  FS4 935  FE2 230 532350 1B 372
38 [Gross Margin F4 600 F9430 F13593 F17000 F9342 F0053  F5039
39
40 [Cazh Fixed Costs Fo280 P12 B55V4 0 FS B 6000 | BG40 | G490
4 |Depreciation FEM  HEM  HBEM  FEM  FEM | FEM  FEM
42 |Total Fixed Costs $6,901 | §T 033 FF9E 0 FTEO1 0 FYEX2 | OFTEEZ | OFEAMN
43
44 | Operating Profit (23010 F2,397 | F6402  F9699 F11,720 0 F2196 | (55023
45 (Taxes [FE0EY F539 0 2241 $3 3950 F4102 FFE9  (F1 0587
46 [Met Profit (F1 4967 F1,558 | F4161 | F65304  FTE18 0 B 427 | (31 965
47
48 |2Add Back Depreciation F1621 B2 B EM 0 F1E21 0 ¥ E2 | F1 62 F1EM
49 | Operating Cash Flow F126  F3170 0 F5783 | FTA2E | F0239 0 E3I 040 [F343)
S0
51 |Investment in Working Capital CH7400 0F1 100 oF 2440 81 27T o305 §5 444 §1.843 0 §1 555
22 |Investment in Plart & Equigp [F11,3500 31 400
53 [Investment Cash Flow (F13,0000 | (B, 8100 (81 5447 081 277 (FE0S) ) B3 444 R 343 F3.283
54l
55 [Caszh Flows [(B13,0900 (F1 65341 $1 635 4506  F7121 P12684 0 $48592  F2945
56 [Present Value of Each Cash Flow | (5130900 CF1 4871 B 267 | 3043 4164 | F65375 0 2112 $1,059
57 |Met Present YWalue 53476

4. Cash Flows. Track the working capital through the rest of the project analysis.

o Investment in Working Capital = (Last Year's Working Capitd) - (This Year's
Working Capital). It is negative cash flow as new working capital is added and a positive
cash flow as working capital is recaptured. The first year requires a specia formulato get
started. Enter =-B33 in cell B51. Then, enter =B33-C33in C51 and copy it across.

o Investment Cash Flow = (Investment in Working Capital) + (Investment in Plant &
Equip). Enter =SUM (B51:B52) in cell B53 and copy it across.

o Cash Flows = (Operating Cash Flow) + (Investment Cash Flow). Enter =B49+B53 in
B55 and copy it across.

The Net Present Vaue of the project drops to $3,476, because of the additional investment in working
capital.

10.4 Sensitivity Analysis

Problem. Consider the same project as Project NPV - Working Capital. Assume that the product life-
cycle of seven years is viewed as a safe bet, but that the scale of demand for the product is highly
uncertain. Analyze the sensitivity of the project NPV to the units sales scale factor and to the cost of

capital.

Solution Strategy. Copy the pattern of unit sales in the base case to a new location and multiply this
pattern by a scale factor to get the new unit sales scenario. Assume that the real cost of capital is constant.
Thus, forecast the future cost of capital by taking the year 1 cost of capital and adding the change in the



inflation rate. Create a two-way data table using a range of input values for units sales scale factor and a
range of input values for the year 1 cost of capital. Using the data table results, create a 3-D surface chart.

FIGURE 10.6 Spreadsheet for Two-Way Data Table and 3-D Surface Chart.

& B | ¢ | o | E | F | & | H | 1 |
1 | PROJECT NPV Sensitivity Analysis
2 |(inthousands of §) 2001 2002 2003 2004 2005 2008 2007 2005
3 “ear 0 Year 1 Year2 | MYeard | Yeard | YearS | YearB | Year ¥
&l
62 |Data Tahle: Sensitivity of the Project HPY to Unit Sales and the Real Cost of Capital
B3 Input Walues for Unit Sales Scale Factor
4 |Output Formula: Proj HPY $3,476 g0%e]  gose|  1o00% | 11om]  120%
65 9.0%| ($1,009) $1932 | 4973 §7954 $10,955
B6 |Input Yalues for 11.0% | (520411 $718 | $3476 | $6254 | $5 992
67 |Date 0 Real Cost of Capital 13.0% | (529671 (F419)) $2129 | F4 677 | T 225
65 150% | (53,5020 0F1 4440 §914 | §3.273 | $557
69 17.0% | (§4,5551 (F2,3690)  ($153) $2003 | $4.1490
70
7
;g Sensitivity of Project NPY to Unit Sales ahd Cost of Capital
74
75 [ §14 000
76
77 ]
8 110,000
79
&0 -
g;_ 155,000 Project NPV
83
g4 $0
85 O $10,000 -515 000
g6 (55 0010 O %5 ,000 -§10,000
&7 o ,
a5 % 2 : m 50 -55 000
g4 Unit Sales Scale — E g -2 L E = @ (k5 ,00m-50
31':' Factor = o £ Z = = Real Cost of
a0 EDE woo Capital
a3 T
94

How To Build Your Own Spreadsheet Moddl.

1. Open the Working Capital Spreadsheet and Insert Rows. Open the spreadsheet that you
created for Project NPV - Working Capital and immediately save the spreadsheet under a new
name using the File| Save As command. Select the range A5:A6 and click on Insert | Row.
Select the cell A9 and click on Insert | Row.

FIGURE 10.7 Spreadsheet showing modified Key Assumptions.



A B | ¢ | b | E | F | 6 | H I
1 | PROJECT NPV Sensitivity Analysis
2 |finthousands of §) 2001 2002 | 2003 2004 2005 2006 2007 | 2008
3 “egr 0 Year 1 Year2 | Weard | Yeard | YearS | YearB | YWear ¥
4 |Key Assumptions
5 |Baze Caze Unit Sales 2000 4000 sSe00|  e800)  7a4o00| 3700|1800
& |Unit Sales Scale Factar 100.0%
7 |Unit Sales 2000 4000 5SRO0 £500 7400 3700 1800
& |Inflation Rate [ 20w 25%] 30%w| 35%]  40%w] 40| 40%
9 |Real Coszt of Capital Increment 0.2% 0.4% 0.6% 0.5% 1.0% 1.2%
10 |Real Cost of Capital 11.0%| 112%  11.4% 116%  11.8%  120%  122%
11 |Tax Rate 350%| 350%) 350%| 350%] 3s0w] 3s50%| 350%

2. Unit Sales. Save the base case pattern and multiply it by a scale factor to determine unit sales.
o BaseCase Unit Sales=the original sales pattern. Copy the range C7:17 to C5.

o Unit Sales Scale Factor. Enter 100.0% in C6.

o Unit Sales = (Base Case Unit Sales) * (Unit Sales Scale Factor). Enter =C5*$C$6 in C7
and copy it across.

3. Real Cost of Capital. Save the base case changes as a set of increments and add the increments
to the date O real cost of capital to determine the current real cost of capital.

o Real Cost of Capital Increment. Enter input increments in the range D9:19.

o Real Cost of Capital on datet = (Date O Real Cost of Capital) + (Increment on date t).
Enter =$C$10+D9 in D10 and copy it across.

4. Two-Way Data Table. Create a list of input values for Unit Sales Scale Factor (80%, 90%,
100%, etc.) in the range C64:G64. Create a list of input values for Cost of Capital (9.0%,
11.0%, 13.0%, etc.) in the range B65:B69. Create an output formula that references the product
NPV by entering the formula =B60 in cell B64. Select the range B64:G69 for the Data Table.
This range includes both the input values at the top of the data table and on the left of the data
table. Then choose Data | Table from the main menu and a Table dialog box pops up. Enter the
cell address C6 (for Unit Sales Scale Factor) in the Row Input Cell, the cell address C10 (for
the Date 0 Real Cost of Capital) in the Column Input Cell, and click on OK.

5. 3D Graph of the Senditivity Analysis. Highlight the range C65:G69 and then choose Insert |
Chart from the main menu. Select a Surface chart type and make other selections to complete
the Chart Wizard. To label the x-axis and y-axis, right-click on the chart, select Source Data ...
from the pop-up menu, enter C64:G64 in the Category (X) axis labelstext box, select Serieslin
the Series pick list, enter B65 in the Name text box, select Series? in the Series pick list, enter
B66 in the Name text box, and so on until every serieshas alabel.

The sensitivity analysis shows that the Project NPV is highly sensitive to the Unit Sales Scale Factor and
the Cost of Capital. If the sales forecast is overly optimistic and/or cost of capita estimate istoo low, then
the project might actually have a negative NPV. Hence, it is worth spending extra resources to verify the
accuracy of the sales forecast and the cost of capital estimate.

Problems



Skill-Building Problems.

1

Suppose a firm is considering the following project, where all of the dollar figures are in
thousands of dollars. In year O, the project requires $37,500 investment in plant and equipment, is
depreciated using the straight-line method over seven years, and there is a salvage value of
$5,600 in year 7. The project is forecast to generate sales of 5,700 unitsin year 1, rising to 24,100
units in year 5, declining to 8,200 units in year 7, and dropping to zero in year 8. The inflation
rate is forecast to be 1.5% in year 1, rising to 2.8% in year 5, and then leveling off. The real cost
of capital is forecast to be 9.3% in year 1, rising to 10.6% in year 7. The tax rate is forecast to be
a constant 42.0%. Sales revenue per unit is forecast to be $15.30 in year 1 and then grow with
inflation. Variable cost per unit is forecast to be $9.20 in year 1 and then grow with inflation.
Cash fixed costs are forecast to be $7,940 in year 1 and then grow with inflation. What is the
project NPV ?

Consider the same project as problem 1, but modify it as follows. Suppose that Direct Labor,
Materials, Selling Expenses, and Other Variable Costs are forecast to be $5.20, $3.70, $2.30, and
$0.80, respectively, in year 1 and then grow with inflation. Lease Payment, Property Taxes,
Administration, Advertising, and Other cash fixed costs are forecast to be $4,100, $730, $680,
$1,120, and $730, respectively, in year 1 and then grow with inflation. What is the Total Variable
Cost / Unit, the Total Cash Fixed Costs, and the project NPV?

Consider the same project as problem 2, but modify it as follows. Suppose we add that the project
will require working capital in the amount of $1.23 in year O for every unit of next year's
forecasted sales and this amount will grow with inflation going forward. What is the project
NPV?

Consider the same project as problem 3. Assume that the product life-cycle of seven years is
viewed as a safe bet, but that the scale of demand for the product is highly uncertain. Analyze the
sengitivity of the project NPV to the units sales scale factor and to the cost of capital.

Liveln-class Problems.

5.

Given the partial Basics spreadsheet ProjbasZ.xls, do steps 5 Cash Flow Forecasts and 6
Present Value and NPV.

Given the partial Forecasting Cash Flows spreadsheet Projfor Z.xIs, complete steps 2 Inputs, 3
Forecast The Detail Items, and 4 Totals.

Given the partiad Working Capital spreadsheet Projwor Z.xls, complete steps 2 Forecast Work
Capital / Next Year's Unit Sales, 3 Forecast Working Capital, and 4 Cash Flows.

Given the partial Sensitivity Analysis spreadsheet Proj senZ.xls, complete step 4 Two-Way Data
Table.

11 Cost-Reducing Project
11.1 Basics



Problem. Suppose a firm is considering a labor-saving investment. In year 0, the project requires a
$6,300 investment in equipment (all figures are in thousands of dollars). This investment is depreciated
using the straight-line method over five years and there is salvage value in year 5 of $1,200. With or
without the cost-reducing investment, all cash flows start in year 1 and end in year 5. The inflation rate is
3.0% in year 2 and declines to 2.0% in year 5. The real growth rate is 16.0% in year 2 and declines to
7.0% inyear 5. Thetax rateis 38.0% in all years. Thereal cost of capital is9.5% in year 1 and declinesto
8.9% in year 5. Without the cost-reducing investment, the firm's existing investments will generate year 1
revenue, labor costs, other cash expenses, and depreciation of $11,500, $3,200, $4,500, and $1,800,
respectively. With the cost-reducing investment, the firm's year 1 labor costs will be $1,300 and revenues
and other cash expenses will remain the same. What is the cost-reducing project NPV ?

Solution Strategy. Forecast revenues and expenses both without the cost-reducing investment and with
it. Calculate the Net Cash Flow both without and with the cost-reducing investment. Subtract one from
the other to obtain the incremental Difference Due to Investment. Discount the project net cash flows
back to the present and determine the NPV.

FIGURE 11.1 Spreadsheet for Cost-Reducing Project - Basics.



&, B | ¢ | o | E | F | & |

1 |CosT-REDUCING PROJECT Basics

2 [{in thousands of §) 2001 2002 2003 2004 2005 2008

3 “ear 0 Year 1 Year 2 “ear 3 Year 4 Year 5
4 |Key Assumptions

5 |Inflstion Rate 3.0% 2.8% 25% 2.0% 2.0%
£ |Feal Cost of Capital 9.5% 9.3% ERES 0.0% £.9%
7 |Real Growth Rate 16.0%| 13.0% 9.0% 7.0%
8 |Tax Rate [ sgo%| 380w seo0%|  ssowl  ssow
b=

10 |Discounting

11 |Discount Rate = Cost of Capital 128%  124% 118%  114%  114%
12 |Cumulative Discourt Factor 0.0% 128%  2679% 417%  5TO9% T54%
(=)

14 |Without Investment

15 |Revenus 1,500 F13714 15254 F7TE94 19,31
16 |Labor Costs 3,200 F3EM6 0 F4.420 4924 F5374
17 |Cther Cash Expenses 4500 §5366 §5215  §6924|  §7.557
18 |Gross Margin 3,800 $4531  $5249  E5E47 §6,351
19

20 |Depreciation §1800] $1800 §1800  F1.8000 1,800
21 |Pretax Profit f2,000  §2731  §5.449  §4.047  F4,551
22

23 |Income Taxes F7E0 W08 $A0 53 W TH
24 | After-tax Profit F1,240  F1B93 %2135 F2509  §2.840
25

2F | 2dd Back Depreciation 1,800  §1800  F1800  F1.8000  §1,800
27 |Cazh Flows F3,040  F3493  F3935 4309 F4.540
L0

23 |With Investment

30 |Revenue 1,500 F13714 15254 F7TE94 19,31
31 |Labor Costs F1,300] F1.550 %795 2000 §2183
32 |Cther Cash Expenses 4500 §5366 §5215  §6924|  §7.557
33 |Gross Margin §5700 §5797  §7TETI ES VOl §9.572
34

35 |Depreciation 3060  §30680  §3060  FI 0600 %3060
36 |Pretasx Profit f2,640  §3,737  $4.813  §57I0 §6 512
a7

38 |Income Taxes F1,005 14200 8290 24700 2474
39 | After-tax Profit F1,637  F2MT %2954 35400 4037
40

41 | 2dd Back Depreciation 3060  §30680  F3060 FI 060 §3,060
42 |Cazh Flows F4597 5377 %5044 FEEO0  F7 097

44 |Project Difference
45 |Difference Due to Investment $1,657 $1,854 2106 2291 $2. 457

46 |Investment and Salvage YValue [FE 53007 | 1,200
47 |Project Cash Flows (FE 5000 ¥ 657 F1,554 F2,106 F2.29 F3 6a7

458 |Prezent Yalue of Each Cash Flow | (58 300 $1 469 F1 486 31,486 31,451 52,085
49 |Project Met Present Walue ¥1 678

How To Build Your Own Spreadsheet Model.

1. Set-up Row and Column Titles. Enter column titles, such as 2001, 2002, etc. inrow 2 and Y ear
0, Year 1, etc. in row 3. Then, place the cursor in cell B4 and click on Window | Freeze Panes.
This freezes the top two rows as column titles and freezes the first column as row titles.



2.

Inputs. Enter the key assumptions in the range C5:G8. Enter the year 1 revenues and expenses
without the investment into the range C15:C17. Enter the existing depreciation in cell C20. Enter
the year 1 revenues and expenses with the investment into the range C30:C32. Enter the year O
investment as a negative cash flow in cell B46 and the year 5 salvage value as a positive cash
flow in cell G46.

Discounting. Calculate the (nominal) discount rate, which is the (nominal) cost of capital. Then
calculate the cumulative discount rate.

o Discount Rate = Cost of Capital. The formula for the (Nominal) Discount Rate = (1 +
Inflation Rate) * (1 + Rea Discount Rate) - 1. Enter =(1+C5)* (1+C6)-1in cell C11 and
copy it across.

o Cumulative Discount Factor. This is the product of the year-by-year discount factors
cumulated to a given date. Enter 0.0% in cell B12. Therest are calculated as (This Year's
Cumulative Discount Factor) = (1 + Last Y ear's Cumulative Discount Factor) * (1 + This
Y ear's Discount Rate) - 1. Enter =(1+B12)* (1+C11)-1in cell C12 and copy across.

4. Forecast Without Investment Cash Flows. Forecast each item of the Cash Flows spreadsheet as

appropriate.

o Revenue This Year = (Revenue Last Year) * (1 + Inflation Rate) * (1 + Rea Growth
Rate). Enter =C15*(1+D$5)* (1+D$7) in cell D15. Labor Costs and Other Cash
Expenses are forecast similarly, so copy cell D15 to therange D15:G17.

o Gross Margin = Revenue - (Labor Costs) - (Other Cash Expenses). Enter =C15-C16-
C17incell C18 and copy it across.

o Depreciation is constant over time due to the use of the straight line method. Enter =C20
in cell D20 and copy it across.

o Pretax Profit = (Gross Margin) - Depreciation. Enter =C18-C20 in cell C21 and copy it
across.

o Income Taxes = Operating Income * Tax Rate. Enter =C21*C$8 in cell C23 and copy it
across.

o After Tax Profit = Pretax Profit - Income Taxes. Enter =C21-C23 in cell C24 and copy
it across.

o Add Back Depreciation = Depreciation. Enter =C20in cell C26 and copy it across.

o Cash Flows = After-tax Profit + Add Back Depreciation. Enter =C24+C26 in cell C27.

5. Forecast With Investment Cash Flows. The With Investment formulas are identical to the

Without Investment formulas with two exception. Start by copying the range A15:G27 to the cell
A30. The first exception is that the With Investment Labor Cost input needs to be reset to
$1,300 in cell C31. The second exception is the With Investment Depr eciation needs to pick up
the addition depreciation from the new investment. With Investment Depreciation = Without
Investment Depreciation -(New Investment) / (Number of years to fully depreciate). The new



investment is subtracted in order offset the negative sign on the New Investment. Enter =C20-
$B$46/5 in cell C35 and copy it across.

6. Difference Due to Investment and NPV. The Difference Due to Investment = With Investment
Net Cash Flows - Without Investment Net Cash Flows. Enter =C42-C27 in cell C45 and copy it
across. Project Net Cash Flows = Difference Due To Investment + Investment and Salvage
Vaue. Enter =B45+B46 in cell B47 and copy it across.

7. Present Value and NPV. Discount each cash flow back to the present and calculate the NPV as
follows:

o Present Value of Each Cash Flow = (Project Cash Flows) / (1 + Cumulative Discount
Factor). Enter =B47/(1+B12) in cell B48 and copy across.

o Project Net Present Value = Sum of Present Value of the Cash Fows. Enter
=SUM (B48:148) in cell B49.

The Net Present Value of this Cost-reducing Project is $1,678. The project should be accepted.

11.2 Senditivity Analysis

Problem. For the same cost-reducing project as the previous section, anayze the sensitivity of the Project
NPV to the assumed With Investment Labor Costs.

Solution Strategy. Create a Data Table using With Investment Labor Costs as the input variable and
Project NPV as the output variable. Then graph the relationship.

FIGURE 11.2 Spreadsheet for Cost-Reducing Project - Sensitivity Analysis.
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How To Build Your Own Spreadsheet Moddl.

1. Open the Basics Spreadsheet. Open the spreadsheet that you created for Cost-Reducing Project

NPV - Basics and immediately save the spreadsheet under a new name using the File | Save As
command.

Data Table. Create alist of input values for With Investment Labor Costs ($900, $1,100, $1,300,
etc.) in the range C53:G53. Create an output formula that references the Project Net Present
Value by entering the formula =B49 in cell B54. Select the range B53: G54 for the One-Variable
Data Table. This range includes both the input values on the top of the range and the output
formula on the |eft side of the range. Then choose Data | Table from the main menu and a Table
dialog box pops up. Enter the cell address C31 (With Investment Labor Costs) in the Row I nput
Cell and click on OK.

Graph. Highlight the interior of the data table (excluding the top or side) in the range C54:G54
and then choose Insert | Chart from the main menu. Select the XY (Scatter) chart type and
make other selections to complete the Chart Wizard.

The sensitivity analysis indicates that the Project NPV is not very sensitive to a wide range of values of
With Investment Labor Costs. It all cases the project has a positive NPV. This provides confidence that
the project's positive NPV is robust to any reasonable error in estimating the labor cost savings.

Problems

Skill-Building Problems.



1. Suppose afirmis considering a labor-saving investment. In year 0, the project requires a $11,700
investment in equipment (al figures are in thousands of dollars). This investment is depreciated
using the straight-line method over five years and there is salvage value in year 5 of $4,500. With
or without the cost-reducing investment, all cash flows start in year 1 and end in year 5. The
inflation rate is 2.6% in year 2 and declines to 1.4% in year 5. The real growth rate is 21.3% in
year 2 and declinesto 9.5% in year 5. The tax rateis41.0% in al years. Thereal cost of capital is
8.7% in year 1 and declines to 7.5% in year 5. Without the cost-reducing investment, the firm's
exiging investments will generate year 1 revenue, labor costs, other cash expenses, and
depreciation of $15,200, $4,100, $5,300, and $3,300, respectively. With the cost-reducing
investment, the firm's year 1 labor costs will be $1,600 and revenues and other cash expenses will
remain the same. What is the cost-reducing project NPV ?

2. For the same cost-reducing project as problem 1, analyze the sensitivity of the Project NPV to the
assumed With Investment Labor Costs.

Liveln-class Problems.

3. Given the partial Basics spreadsheet CostbasZ .xls, do steps 5 Forecast With Investment Cash
Flows and 6 Difference Dueto Investment and NPV.

4. Given the partial Sensitivity Analysis spreadsheet CostsenZ .xls, do step 2 Data Table.

12 Break-Even Analysis
12.1 Based On Accounting Profit

Problem. A project has a fixed cost of $30,000, variable costs of $4.00 per unit, and generates sales
revenue of $6.00 per unit. What is the break-even point in unit sales, where accounting profit exactly
equals zero, and what is the intuition for it?

Solution Strategy. First, we solve for the break-even point in unit sales using the formula. Second, we
use Excel's Solver to back solve for the break-even point using the income statement. Lastly, we will
determine the sensitivity of costs, revenues, and accounting profits to unit sales. This will allow us to
graphicaly illustrate the intuition of the break-even point.



FIGURE 12.1 Spreadsheet for Break-Even Analysis- Based On Accounting Profit.

A | 8 [ ¢ [ o [ E | F | ¢ |

Break-EvEN ANALYSIS Based On Accounting Profit

Inputs

Fized Costs 30,000
Sales Revenue ! Unit F5.00
“Yariable Costs f Unit 34 .00

00 | == | h | L) (R =

Calculate the Break-even Point using the Formula

in]

Break-even Paint (Unit Sales) 15,000

10

11 |Back solve for the Break-even Point using the Income Statement
12 |Unit Sales

13 [Sales Revenue 390,000

14 “ariable Costs FE0. 000

15 |Gross Margin F30,000

16 |Fixed Costs F50,000

17 |Accounting Profit F0

How To Build This Spreadsheet M odel.

1. Inputs. Enter theinputsinto therange B4:B6.

2. Break-Even Point using the Formula. The formulais: Break-Even Point = Fixed Costs/ (Sales
Revenue/Unit - Variable CostgUnit). In cell B9, enter =B4/(B5-B6) We see that the Break-Even

Point is 15,000 units.

3. Back solve for the Break-even Point using the Income Statement. Create the Income

Statement using these simple steps.

Fixed Costs = input value for Fixed Costs. In cell B16, enter =B4

O OO0 o0 oo

FIGURE 12.2 Solver dialog box.

Unit Sales. Enter atrial value for the break-even point. In cell B12, enter 12000
Sales Revenue = (Sales Revenue/Unit) * (Unit Sales). In cell B13, enter =B12*B5
Variable Costs = (Variable Costg/Unit) * (Unit Sales). In cell B14, enter =B12*B6
Gross Margin = Sdes Revenue - Variable Costs. In cell B15, enter =B13-B14

Accounting Profit = Gross Margin - Fixed Costs. In cell B17, enter =B15-B16

Then call up Excel's Solver from Excel’s main menu by clicking on Tools and then Solver. (If
you don't see Solver on the Tools Menu, then click on Tools | Add-1ns, check the Solver Add-In
box, and click on OK.) Set-up the Solver dialog box by entering Accounting Profit in cell B17 as
the Set Target Cell. In the Equal to row, click on the option button for Value of and enter 0 in the
adjacent box. Enter Unit Salesin cell B12 asthe By Changing Cell. See the figure below.
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j Delete

Reset Al

Help

Then run Solver by clicking on the Solve button. By trial and error, the Solver adjusts the value of
Unit Sales in cell B12 until the Accounting Profit in cell B17 equals zero (within a very small
error tolerance). This results in an Break-even Point of 15,000, where Accounting Profit equals
zero. Your results may differ by a slight amount depending on Solver's error tolerance. This
verifiesthat the Break-Even Point is 15,000 units.

4. Create A List of Input Values and An Output Formula. Create alist of input values for Unit
Sales (0, 5,000, 10,000, etc.) in the range C21:G21. Create output formulas that reference the
pieces of the accounting profit calculation. Specifically:

for Fixed Cost, enter =B16 in cell B22

for Variable Costs, enter =B14 in cell B23

for Total Costs, enter =B16+B14 incell B24

for Sales Revenue, enter =B13 incell B25

for Accounting Profit, enter =B17 in cell B26

O O O o0 o

FIGURE 12.3 Spreadsheet for Sensitivity of Costs, Revenues, and Accounting Profitsto Unit Sales.



A | 8 | ¢ [ b | E | F | 6 |
19 |Data Tahle: Sensitivity of Costs, Revenues, and Acct. Profit to Unit Sales
20 Input Walues for Unit Sales
21 |Output Formulas: [ 0| sp00| 10000 15000 | 20000
22 |Fixed Costs $30,000 | $30,000  $30,000 | $30,000 | $30,000 |$30,000
23 |Variable Costs FE0,000 u] 20000 40000 BO000 0000
24 (Total Costs Fa0,000 30000 0000 FOooo Q0000 | 110000
25 |Sales Revenue Fa0,000 u] 30000 GO000 90000 | 120000
26 |Accounting Profit F0 -300000  -20000 -10000 0 10000
27
28 Break-E Point Based On A ting Profit=0

reak-Even Point Based On Accounting Profit =
28| | ¢140 000 4
a0
31 F120,000
gg 100,000 Break-Even - - - Fixed Costs
34
20,000 .
35 ! - —a—"ariahle Costs
-
36| | $60,000 “M o
37 - —=— Total Cost
sa| | $40,000 - oSt
30 @""’:- - - R L R -
a0 20,000 -— = —r— Sales Revenue
1]

41 $|:| / m.--"""'.-.-E
432 E/E/E —=— Acoounting Profi
43| | (520,000 AN
181 (40,000 | e
45 { ' ) ' ' ' Break-Even
48 0 5000 10,000 15,000 20,000
47 Unit Sales
45

5. Data Table. Select the range B21:G26 for the Data Table. This range includes both the list of
input values at the top of the data table and the output formulas on the side of the datatable. Then
choose Data Table from the main menu and a Table dialog box pops up. Enter the cell address
B12 (Unit Sales) in the Row Input Cell and click on OK.

6. Graph the Data Table Results. Highlight the data table C21:G26 and then choose Insert
Chart from the main menu. Select an XY (Scatter) chart type and make other selections to
complete the Chart Wizard.

The graph shows visualy that the Break-Even Point is 15,000 units. The graph illustrates two equivalent
intuitions for this result. First, the Break-Even Point is where the Sales Revenue line (in blue) crosses
Tota Costs line (in red). Second, the Break-Even Point is where Accounting Profit (in orange) hits zero
and thus decisively switches from negative to positive.

12.2 Based On NPV

Problem. Suppose a firm is considering the following project, where al of the dollar figures are in
thousands of dollars. In year O, the project requires $11,350 investment in plant and equipment, is
depreciated using the straight-line method over seven years, and there is a salvage value of $1,400 in year
7. The project is forecast to generate sales of 2,100 units in year 1 and grow at a sales growth rate of
55.0% in year 2. The sales growth rate is forecast to decline by 15.0% in years 3 and 4, to decline by
20.0% in year 5, to decline by 25.0% in year 6, to decline by 30.0% in year 7. Unit sales will drop to zero
inyear 8. The inflation rate is forecast to be 2.0% in year 1, rising to 4.0% in year 5, and then leveling off.



The real cost of capital isforecast to be 11.0% in year 1, rising to 12.2% in year 5, and then leveling off.
The tax rate is forecast to be a constant 35.0%. Sales revenue per unit is forecast to be $9.70 in year 1 and
then grow with inflation. Variable cost per unit is forecast to be $7.40 in year 1 and then grow with
inflation. Cash fixed costs are forecast to be $5,280 in year 1 and then grow with inflation. What is the
project NPV? What is the NPV Break-Even Point in Year 1 Unit Sales, where NPV equals zero? What is
the NPV Break-Even Point in the Year 2 Sales Growth Rate, where NPV equals zero? What is the NPV
Break-Even Contour in the two-dimensiona space of Year 1 Unit Salesand Y ear 2 Sales Growth Rate?

Solution Strategy. Start with the Project NPV - Basics spreadsheet. Move the Unit Sales line out of the
Key Assumptions area, since that is what we are going to solve for. Restructure the Unit Sales forecast to
depend on the Sales Growth Rate, which we be a key variable. Structure the Sales Grow Rate forecast
over the entire to period to depend on how fast the growth rate is initially. This will make it easy to use
Solver and to create a Data Table later on. Project the cash flows of the project and calculate the NPV.
Use Solver to determine the amount of year 1 unit sales that will cause the NPV to equa zero, when the
sales growth rate is at the base case level of 5% per year. Use Solver to determine the sales growth rate
that will cause the NPV to equal zero, when the year 1 unit salesis at the base case level of 39,000. Create
atwo-variable data table using two input variables (year 1 unit sales and sales growth rate) and the output
variable: NPV. Use the data table to create a three-dimensiona graph showing the NPV Break-Even
Contour.

FIGURE 12.4 Spreadsheet for Break-Even Analysis Based On Net Present Value.



How To Build This Spreadsheet M odel.

1. Open the Basics Spreadsheet and Add Rows. Open the spreadsheet that you created for Project
NPV - Basics and immediately save the spreadsheet under a new name using the File| Save As
command. Select the cell A15 and click on Insert | Row. Select the range A5:15, click on Edit |

Cut, sdlect the cell A15, and click on Edit | Paste.

the range E6:16, and the year 1 unit sales of 2,100 in cell C16.

on date t). Enter =D5+E6 in cell E5 and copy it across.

A B | ¢ | o | E F G H [
1 |BREAK-EVEN ANALYSIS ~ Based On NPY
2 |(inthousands of F) 2001 2002 2003 2004 2005 20086 2007 2005
3 Year 0 ear 1 Year 2 0 Yeard | Yeard | YesrS | YearB | Year 7
4 |Key Assumptions
5 |Sales Growth Rate 5 0% 40.0% 25.0% S0% -200%  -50.0%
B |Change in Sales Growth Rate S150% | -150%( -200%| -25.0%| -30.0%
7 |Inflation Rate 20% 2.5% 3.0% 3o% 4.0% 4.0% 4 .0%
8 |Real Cost of Capital 11.0% 11.2% 11.4% 11 B% 11.8% 12.0% 12.2%
9 |Tax Rate 35.0% 35.0% 35.0% 35.0% 35.0% 35.0% 35.0%
10
11 |Discounting
12 |Dizcount Rate = Cost of Capital 13.2% 14.0% 14.7% 155% 16.3% 16.5% 16.7%
13 | Cumulative Dizcount Factor 0.0% 13.2% 29 0% 483 1% 71.0% 939% 131 .6% 17¥0.3%
14
15 |Price or Cost / Unit
16 |Unit Sales 1,853 2872 4020 S02E S277 4222 2111
17 |Sales Revenue § Unit $9.70 $9.94  $024 | F1060 0 F11.02 0 F1.46 0 F11.92
18 |Variakle Cost FUnit F7.40 F7.29 F7.81 F5.09 $5.41 F5.75 $9.10
19 |Cash Fixed Costs $5280 | $5412 | $5574 | $5760 6,000 | §5240 | $6 490
20
21 |Cash Flow Forecasts
22 |Sales Revenue $17,972 $28,553 | $41,173 | $53,268 | §58,168  $48,396 | $25 166
23 |'variable Costs $13,710  $21,782 | $31 40 | $40637 | §44,376  $36.921 | $19199
24 |Grozs hargin F4,261 | §6770 | $9763 |F12E30  §13,792 |§11475 | §5 967
25
26 |Caszh Fixed Costs $5280 | 5412 | §5574 | $5769 | $6,000 | §5.240 | §6.490
27 |Depreciation $1621 | F1 621 | F 621 | FE21 | #1621 | F1 621 | 62
28 |Total Fixed Costs F6 901 FF 033 FF 196 0 FF 3 F7FE22 | BT BEZ2 0 BS54
29
30 | Operating Profit (§26400 (§263) $2567 | $5,240 | §6171 | F3G14 | (32144)
31 |Taxes (39241 (3920 $893 | $1,534 | $2160 | $1.265 | (F75O)
32 |Met Profit 0¥ 761 (BT B 668 | 3408 | $4.011 | $2349 0§ 3043
a3
54 | Add Back Depreciation 1621 | $1 621 | F162 | FE21 | F1621 | F1 621 | A2
35 |Operating Cash Flow (5951 1,450 | §3290 | $5027 | $5632 | §3 970 §228
36
37 |Investment in Plant & Equip (511 350 F1 400
38 |Cazh Flows (§11,3300  (§951] §1450 | $3,290 | §5027 | $5632 | §$3970 | ¥ E28
39 |Present value of Each Cash Flow | ($11,3500 (5541 $1124 | §2222  $2939 | §2532 | 1,714 §E02
40 |Met Present Value G0}

I nputs. Enter the year 2 sales growth rate into the cell D5, the change in the sales growth rate into

Sales Growth Rate on datet = (Sales Growth Rate on date t-1) + (Change in Sales Growth Rate




4. Unit Sales on date t = (Unit Sales on date t-1) * (1 + Unit Sales Growth Rate). Enter
=C16*(1+D5) in cell D16 and copy it across.

The project NPV is $3,217 and should be accepted. But how sure are you of this result? How sensitive is
this result to small changes in the assumptions? The Break-Even Point gives you an idea of the robustness
of thisresult.

5. NPV Break-Even Point in Year 1 Unit Sales. Use the built-in Solver tool to numerically solve
for the NPV Break-Even Point in Year 1 Unit Sales. From Excel’s main menu, click on Tools and
then Solver. (If Solver does not appear on the Tools menu, then click on Add-Ins, check Solver
Add-In, and click on OK.) In the Solver dialog box, enter the Net Present Vaue cell B40 as the
Set Target Cell. In the Equal To row, click on the option button for Value of and enter O in the
adjacent box. Enter the Year 1 Unit Sales cell C16 as the By Changing Cell. See figure below.
Click on the Solve button.

FIGURE 12.5 Solver dialog box.
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By trial and error, the Solver adjusts the value of the Year 1 Unit Sales in cell C16 until the Net
Present Vaue in cell B40 equals zero (within avery small error tolerance). This resultsin a NPV
Break-Even Point in Year 1 Unit Sales (shown in cell C16) of 1,853.

6. NPV Break-Even Point in Sales Growth Rate. Repeat the NPV Break-Even Analysis only
using Year 2 Sales Growth Rate as the changing cell. Enter 2100 in cell C16 in order to restore
the default assumption for Year 1 Unit Sales. From Excel’s main menu, click on Tools and then
Solver. In the Solver dialog box, enter Year 2 Sales Growth Rate cell D5 as the By Changing
Ceéll. Click on the Solve button. By trial and error, the Solver adjusts the value of the Sales
Growth Rate in cell D5 until the Net Present Value in cell B40 equals zero. This resultsin a NPV
Break-Even Point in Sales Growth Rate (shown in cell D5) of 49.5%.



FIGURE 12.6 Two Way Data Tableand 3D Graph.

& B | ¢ | o | E | F G
. | BREAK-EVEN ANALYSIS | Based On NPV
2 |(inthouzandsz of §) 20Mm 2002 2003 2004 2005 2006
3 ear 0 Year 1 Year 2 | Yeard | Yeard | Year s
41
42 |Data Table: Sensitivity of Net Present Value to Year 1 Unit Sales
43 and Year 2 Sales Growth Rate
44 | Output Formula: Input Walues for Year 1 Unit Sales
45 |Het Present Value (§00] 1700 | 1900 | 2100 2300
45 45.0%| (36,4717 (34,3971 (32,3220 (§248)
47 |Input Yalues for Year 2 50.0%| ($4,3771) (32,0581 $265 | $258E
45 |Sales Growth Rate 55.0%| (§1,9351 #6158 | §3.217 | 5819
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50 B5.0%| $3543 | 37131  $10419 | $13707
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7. Create A Ligt of Input Values and An Output Formula. Create a list of input values for the

Year 1 Unit Sales (1,700, 1,900, 2,100, etc.) in the range C45:F45. Similarly, create alist of input
values for the Year 2 Sales Growth Rate (45.0%, 50.0%, 55.0%, etc.) in the range B46:B50.
Create an output formula that references the Net Present Value by entering the formula =B40 in
cell B45.

Two-Variable Data Table. Select the range B45:F50 for the Two-Variable Data Table. This
range includes both the list of input values at the top and side of the data table and the output
formula in the upper left corner. Then choose Data | Table from the main menu and a Table
dialog box pops up. Enter the cell address C16 (Year 1 Unit Sales) in the Row Input Cell, enter
the cell address D5 (Y ear 2 Sales Growth Rate) in the Column Input Cell, and click on OK. The
data table shows what combinations of Year 1 Unit Sales and Year 2 Sales Growth yield a
positive NPV. Thus, you can assess how optimistic vs. pessimistic your assumptions have to bein
order to a get a positive NPV. Thus, you see how robust your conclusions are to variations in the
inputs.



9. 3-D Graph. Highlight the interior of the data table (excluding the top or side) in the range
C46:F50 and then choose Insert | Chart from the main menu. Select a Surface chart type and
make other selections to complete the Chart Wizard.

The 3-D Graph shows the Net Present Vaue of the project for combinations of Year 1 Unit Sales and
Year 2 Sdles Growth Rate. The multi-color surface illustrates various ranges of NPV. In the top corner,
the dark blue color is for NPV > $15,000. Below it, a light red section is for a NPV of $10,000 to
$15,000. And so on. At the intersection of the Light Green section ($0 to $5,000) and the Light Yellow
section (-$5,000 to $0) is a contour highlighted by the arrow. This is the NPV Break-Even Contour,
where NPV = 0. Every point on this contour represents a combination of Year 1 Unit Sales and Year 2
Sales Growth Rate for which the NPV = 0. The 3-D Graph shows that project's positive NPV is very
sensitive. If the Year 1 Unit Sales are alittle bit lower than assumed or if the year 2 Sale Growth Rateis a
little bit lower than assumed, then the whole project could have a negative NPV.

Problems

Skill-Building Problems.

1. A project has afixed cost of $73,000, variable costs of $9.20 per unit, and generates sales revenue
of $15.40 per unit. What is the break-even point in unit sales, where accounting profit exactly
equals zero, and what is the intuition for it?

2. Suppose a firm is considering the following project, where all of the dollar figures are in
thousands of dollars. In year O, the project requires $24,490 investment in plant and equipment, is
depreciated using the straight-line method over seven years, and there is a salvage value of
$5,800 in year 7. The project is forecast to generate sales of 4,800 unitsin year 1 and grow at a
sales growth rate of 72.0% in year 2. The sales growth rate is forecast to decline by 12.0% in
years 3, to decline by 15.0% in year 4, to decline by 18.0% in year 5, to decline by 23.0% in year
6, to decline by 29.0% in year 7. Unit sales will drop to zero in year 8. The inflation rate is
forecast to be 2.7% in year 1 and rising to 3.5% in year 7. The real cost of capital isforecast to be
10.2% in year 1, rising to 11.9% in year 7. The tax rate is forecast to be a constant 38.0%. Sales
revenue per unit is forecast to be $12.20 in year 1 and then grow with inflation. Variable cost per
unit is forecast to be $7.30 in year 1 and then grow with inflation. Cash fixed costs are forecast to
be $6,740 in year 1 and then grow with inflation. What is the project NPV? What is the NPV
Break-Even Point in Year 1 Unit Sales, where NPV equals zero? What is the NPV Break-Even
Point in the Year 2 Sales Growth Rate, where NPV equals zero? What is the NPV Break-Even
Contour in the two-dimensional space of Year 1 Unit Salesand Y ear 2 Sales Growth Rate?

Live In-class Problems.

3. Given the partiad Based On Accounting Profit spreadsheet BevenacZ .xls, do step 3 Back Solve
for the Break-Even Point using the Income Statement.

4. Given the partial Based On NPV spreadsheet BevennpZ .xls, do steps 7 Create a List of Input
Variables and an Output Formula and 8 Two-Variable Data Table.



13 ThreeValuation Methods
13.1 Adjusted Present Value

Problem. A firm has the opportunity to do a one-shot project. It requires a date O initial outlay for new
investment of $250,000. During the initial five-years, it will generate the following before-tax cash flows:
date 1 = $120,000, date 2 = $140,000, date 3 = $180,000, date 4 = $130,000, date 5 = $80,000, and
$40,000 each year thereafter. The project’s tax rate is 40.0%, it's unlevered cost of capital is 10.0%, and
the riskfree rate (= cost of debt) is 3.0%. The company has precommitted to a particular quantity of debt
on the following dates to support this project: date 0 = $150,000, date 1 = $130,000, date 2 = $110,000,
date 3 = $90,000, date 4 = $70,000, and $40,000 each year thereafter. What is the project’s NPV as
calculated using the APV method? What is the present value of future cash flows to both debt and equity?
Other modules in this chapter will analyze the same problem using the FTE and WACC methods and
verify that al three methods yield the same results.

Solution Strategy. Vaue this two-stage project under the APV method by calculating the NPV of the
unlevered investments plus the present value of the debt tax shield. Then use the project NPV result to
calculate the PV of Future Cash Flows for each date in the future. This will be used by the other modules
in this chapter to calculate the amount of Equity and Cost of Equity Capita for each date.

FIGURE 13.1 Spreadsheet for Three Valuation Methods Using The APV Method.

A | B | ¢ | o | E | F | & [ H ]
1 | THREE VaLuaTION METHODS Adjusted Present Value
2
3 |Inputs
4 |Initial Cutlay for Mew Investment F250.00
2 |Tax Rate 40.0%
E |Unlevered Cost of Capital 10.0%
¢ _|Riskfree Rate 3.0%
g
9 |Adjusted Present Value (APY) Infinite
10 {A.) HPY of Unlevered Investment Explicit Forecast Horizon Horizon
11 [Dste 1] 1 2 3 4 5 =]
12 |Befaretayx Cash Flow | $12000] $140.00] $18000] $13000]  $e0.00[ $40.00]
13 [Taxes F45.00 F56.00 F72.00 $52.00 Faz2.00{ §16.00
14 |After-tax Cash Flow F72.00 F54.00  F105.00 F75.00 F45.00( F2a.00
15
16 [P of Future Cash Flows F44512  F420893 | FITO02 | F30593 0 F261.452  F240.00
17 |Initial Outlay for Meww Investment [F250.000
18 |40 MPY of Unlevered Investment | $195.12
19 Infinite
20 (B.) PV of Debt Tax Shield Explicit Forecast Horizon Horizon
21 |Date ] 1 2 3 4 ] 5]
22 |Debt (D | $15000] $13000] $11000] $9000[ $70.00]  $50.00 §50.00
23 [Tax Shield $1.80 $1.56 $1.32 $1.05 $0.54 $0.60
24
25 [(B.] PY of Future Tax Shield §23.36 F22.26 F21.37 F20.69 F20.23 F20.00
26 [MPY of Project (APY) = (&) + (B[ §221 48
27 |PV of Future Cash Flowes (APY) | 547148 [ $44319 | $20039 | $22062 | $28205 | $260.00

How To Build This Spreadsheet M odel.



1. Inputs. Enter the overdl project inputs in the range B4:B7, the Before-Tax Cash flows in the
range C12:H12, and the Debt amounts in the range B22:G22. Lock in the first seven rows as
titles by selecting cell A8 and clicking on Window | Freeze Panes.

2. Taxesand After-Tax Cash Flow. Taxes paid is the (Before-tax Cash Flow) * (Tax Rate). Enter
=C12*$B%$5 in the cell C13 and copy it across. The $ sign on $B$5 lock in the absolute cell
reference for the Tax Rate. After-tax Cash Flow is Before-tax Cash Flow less Taxes. Enter
=C12-C13 incel C14 and copy it across.

3. Present Value of Future Cash Flows. Using the unlevered cost of capita, discount an infinite
series of constant cash flows using the infinite annuity formula: (After-tax Cash Flow) /
(Unlevered Cost of Capital). Enter =H14/$B$6 in cell G16. Discount the explicitly forecast
horizon cash flows using a recursive, one-period-at-a-time approach: PV of Future Cash Flow (t)
= [After-tax Cash Flow (t+1) + PV of Future Cash Flow (t+1)] / (1 + Unlevered Cost of Capital).
Enter =(G14+G16)/(1+$B%6) in cell F16 and copy it leftwards to the range B16: E16.

4. New Investment and NPV of Unlevered Investment. To get the NPV of the Unlevered
Investment, subtract the Initial Outlay for New Investment. Enter =-$B$4 in cell B17 and
=B16+B17 in cell B18.

5. Tax Shield. We adopt the convention that interest to be paid on date t+1 based on debt which
issued on date t. A tax shield is defined as the quantity of taxes avoided by deducing interest
expense. It is calculated as Tax Shield (t+1) = Debt (t) * (Riskfree Rate) * (Tax Rate). Enter
=B22*$B$7*$B$5 in cell C23 and copy it across.

6. PV of Future Tax Shield. Using the riskfree rate, discount an infinite series of constant tax
shields using the infinite annuity formula: (Tax Shield) / (Riskfree Rate). Enter =H23/$B$7 in
cell G25. Discount the explicitly forecast horizon tax shields using a recursive, one-period-at-a-
time approach: PV of Future Tax Shidd (t) = [Current Date Tax Shield (t+1) + PV of Future Tax
Shield (t+1)] / (1 + Riskfree Rate). Enter =(G23+G25)/(1+$B%$7) in cell F25 and copy it
leftwards to the range B25: E25.

7. NPV of the Project and PV of Future Cash Flows. The NPV of the Project under APV isthe
sum of: (A.) NPV of the Unlevered Investment and (B.) PV of Debt Tax Shied. Enter
=B18+B25 in cell B26. The PV of Future Cash Flows under APV isthe sum of the PV of Future
Cash Flows and PV of Debt Tax Shield. Enter =B16+B25 in cell B27 and copy it across.

We see that the NPV of the Project under APV is $221.48 and the PV of Future Cash Flows under APV
starts at $471.48 and declines to $260.00. As a specia case, the same spreadsheet model can be used for a
single-stage, infinite horizon project. This is implemented by holding the Cash Flows and Debt amounts
constant over the Explicit Forecast Horizon (the first stage) and identical to the Cash Flows and Debt
amounts over the Infinite Horizon (the second stage).

13.2 Flows To Equity

Problem. Given the same firm and same project as the APV case, calculate the project’s NPV using the
Flows To Equity method. Compare this result to the APV result. On each date, calcul ate the present value
of future cash flowsto both debt and equity. Verify that thisresult is the same asthe APV case.



Solution Strategy. Use the PV of Future Cash Flows from the APV case to determine the about of Equity
used on each date and the resulting Cost of Equity Capital on each date. Calculate the amount of cash
flows avail able to equityholders after debtholders are paid off. Discount these flows to equity and subtract
the initial outlay by shareholders to get the project NPV under FTE. Then calculate the present value of
future cash flows to both debt and equity.

FIGURE 13.2 Spreadsheet for Three Valuation Methods Using The FTE Method.

48 P of Future Cash Flowes (FTE) §471.45 | 344349 | $400.39 | $32962 | $262.05 | $260.00

A | 8 | ¢ | b [ E [ F | & | H |
1 | THREE VaLuaTION METHODS Flows To Equity
2
2 |Inputs
4 |Initial Cutlay for Mew Investment F250.00
o2 |Tax Rate 40.0%
6 |Unlevered Cost of Capital 10.0%
7 |Riskfree Rate 3.0%
25
28 Flows To Equity (FTE)
30 |Debt (D) 5000 | F30.00  F110.00 F90.00 F70.00 F50.00 | F50.00
3 | Eqquity (E) $321.458 | $31319 0 $290.38 0 F23962 0 $M205 | $210.00
32 |Debt + Equity (D+E) f471.45 | F44319  $40035  F32962 | $2F2.03 | §260.00
33 | Cost of Equity Capital 12.8% 12.4% 12.1% 12.0% 11 6% 11.0%
34 Infinite
35 Explicit Forecast Horizon Horizon
36 |Date 0 1 2 3 4 = f
37 |EBIT F120.00 | $140.00 @ F130.00  F130.00 $i30.00 | F40.00
35 |Interest Expense F4.50 $3.90 $3.30 F2.70 F2.10 F1.50
39 |Before-tax Cash Flow F115.50 0 F13610 0 FIVEFD | $127.50 $77.90 | $35.50
40 |Taxes Fd46.20 54 .44 F70.65 F:50.92 F3116 | $15.40
4 | After-tax Cash Flow F59.30 $31.66 | H108.02 F76.55 f46.74 | $23.10
42 |Mevwy Borrowving (Repaymernt) (F200000 ) (F20.00 (F2000%| (20000 (F20.000)  F0.00
43 |Flowes To Eqjuity (FTE) F49.30 $61 .66 $56.02 $56.35 F26.74 | $23.10
44
45 |PY of Future FTE = Equity (E) $321.458 | F31319 0 $29038 0 F23962 0 21203 | §210.00
46 |[Initial Outlay from Shareholders (3100007
47 |MPY of Project (FTE) 5221 .45

How To Build This Spreadsheet M odel.

1

Open the APV Spreadsheet. Open the spreadsheet that you created for Corporate Financial
Planning - Adjusted Present Value and immediately save the spreadsheet under a new name using
the File| Save Ascommand.

Debt, Equity, and the Total. The Debt row is a repeat of the Debt input. Enter =B22 in cell
B30 and copy it across. Equity is the Present Value of Future Cash Flows (APV) less Debt. Enter
=B27-B30 in cell B31 and copy it across. Sum these two rows to get Debt + Equity. Enter
=B30+B31 incell B32 and copy it across.

Cost of Equity. Theinfinite horizon formulais Cost of Equity = (Unlevered Cost of Capital) + (1
- Tax Rate) * (Unlevered Cost of Capital - Riskfree Rate) * (Debt / Equity). Enter =$B$6+(1-
$B5)* ($B$6-$B$7)*(G30/G31) in cdl G33. The finite horizon formula for is
Datet Cost of Equity



= (Unlevered Cost of Capital) + (Unlevered Cost of Capitd - Riskfree Rate)

* {(Date t Debt) * [1 + (Riskfree Rate)*(1 - Tax Rate)] - PV of Future Tax Shield (t+1) }

/ [(Date t Equity) * (1 + Riskfree Rate)]

Enter =$B$6+(($B$6-$B$7)* (B30* (1+$BS7* (1-$B$5))-C25))/(B31* (1+$B$7)) in cell B33 and

copy it to the range C33:F33. The term PV of Future Tax Shield (t+1) is the present value of

future tax shields as of date t+1. We simply reference the identical calculation done under the
APV method in cell C25.

4. Flows to Equity. Calculate the cash flows to the eguityholders (net of the debtholders) as
follows:
o EBIT repeats Before-Tax Cash Flows. Enter =C12 incell C37.
Interest Expense (t+1) is Debt (t) * (Riskfree Rate). Enter =B22*$B$7 in cell C38.
Before-Tax Cash Flow is the difference. Enter =C37-C38 in cell C39.
Taxesis Before Tax Cash Flow * (Tax Rate). Enter =C39*$B$5 in cell C40.
After-Tax Cash Flow isthe difference. Enter =C39-C40 in cell C41.
New Borrowing (Repayment) is Debt (t+1) — Debt (t). Enter =C30-B30 in cell C42.
Flowsto Equity isthe sum. Enter =C41+C42 incell C43.
Copy the range C37:C43 to the range D37:H43.

O OO OO0 Oo0Oo

5. Present Value of Future FTE. Using the cost of equity capital, discount an infinite series of
constant cash flows using the infinite annuity formula: (Flows To Equity) / (Cost of Equity
Capital). Enter =IF(H43=0,0,H43/G33) in cell G45. The IF statement avoids an error message
that occurs when a cell in the formula is undefined. This occurs when the Infinite Horizon Flow
to Equity (H43) is zero causing the prior period sum of Debt and Equity to be zero and thus
causing the Cost of Equity Capital calculation in cell G33 to be undefined. Discount the explicitly
forecast horizon cash flows using a recursive, one-period-at-a-time approach: PV of Future Flows
To Equity (t) = [Flows To Equity (t+1) + PV of Future Flows To Equity (t+1)] / (1 + Cost of
Equity Capita). Enter =1 F(G43+G45=0,0,(G43+G45)/(1+F33)) in cell F45 and copy it leftwards
to the range B45:E45. Again the IF statement avoids an error message that occurs when a cell in
the formula is undefined. Y ou can verify by comparing row 45 to row 31 that Present Value of
the Future FTE is equal to the Equity (E).

6. Initial Outlay from Shareholders, NPV of the Project, and PV of Future Cash Flows. The
Initial Outlay from Shareholders = -(Initial Outlay for the New Investment) + (Initial Outlay from
the Debtholders). Enter =-$B$4+B30 in cell B46. The NPV of the Project using the FTE method
= (Present Value of Future FTE) + (Initial Outlay from Shareholders). Enter =B45+B46 in cell
B47. The PV of Future Cash Flows (FTE) = Debt + Present Value of Future FTE = Debt +
Equity. Enter =B30+B45 in cell B48 and copy it across.

We see that the NPV of the Project under FTE is $221.48, which is the same as the APV calculation. We
see that the PV of Future Cash Flows under FTE starts at $471.48 and declines to $260.00, which is the
same as under APV.

13.3 Weighted Average Cost of Capital

Problem. Given the same firm and same project as the APV and FTE cases, calculate the project’s NPV
using the Weighted Average Cost of Capital method. Compare this result to the APV and FTE results. On
each date, calculate the present value of future cash flows to both debt and equity. Verify that thisresult is
the same asthe APV and FTE cases.



Solution Strategy. Use the Debt and Equity amounts calculated for the FTE case to determine the Debt
Weight, Equity Weight, and the Weighted Average Cost of Capital on each date. Calculate the after-tax
cash flows available to firm, discount these cash flows, and then subtract the initial outlay for the new
investment to get the project NPV under WACC. Then calculate the present value of future cash flows to
the firm.

FIGURE 13.3 Spreadsheet for Three Valuation Methods Using The WACCapital Method.

A | B ¢c | o | E | F | & H
1 | THREE VaLuaTION METHODS Weighted Average Cost of Capital
2
3 |Inputs
4 |Initial Cutlay for Mew Investment F250.00
5 |Tax Rate 40.0%
E |Unlevered Cost of Capital 10.0%
7 _|Rizkfree Rate 3.0%
49
20 'Weighted Ave Cost of Capital WACC)
51 |Equity Weight (E J (D+ET) B3.2%| 707%  725% 727%|  752% |  808%
52 |Debt weight (D (D+ED) 31.8%  293%  27TS% 273 248% 19.2%
53 [WaCC 927% |  9.30%  930%  923% 920%  923%
=4 Infinite
55 Explicit Forecast Horizon Horizon
56 |Date 0 1 2 3 4 5 B
57 |Before-tax Cash Flow $12000) $14000 $18000) FE000 EES0.00[  F40.00
58 |Taxes $45.00 $5600 §72.00  §5200  §3200f $E00
59 |After-tax Cash Flow §7200  §8400 F$108.000  §78000  f4m00f $2400
B0
B1 |P* of Met Cash Flowes (at WA CC) | $471.45 | $44319 | $40039  §32062 | $25205  §260.00
62 |Initial Outlay for Meww Investment | (F250.00°
63 [MPY of Project (A8CC) §221 48
B4 |PY of Future Caszh Flowes (vvacc)| 547148 [ §44319 | $20039 | $32062 | 28205 | $260.00

How To Build This Spreadsheet M odel.

1. Open the FTE Spreadsheet. Open the spreadsheet that you created for Corporate Financia

Planning - Flows To Equity and immediately save the spreadsheet under a new name using the
File | Save As command.

Equity and Debt Weights. Using the Debt (D) calculated in row 30 and the Equity (E)
calculated in row 31, determine Equity Weight = E/ (D+E). Enter =B31/(B30+B31) in cell B51
and copy it across. Similarly, calculate the Debt Weight = D / (D+E). Enter =B30/(B30+B31) in
cell B52 and copy it across.

WACC. The formula for WACC = (Cost of Equity Capital) (Equity Weight) + (1 — Tax Rate)
(Riskfree Rate) (Debt Weight). Enter =B33*B51+(1-$B$5)* $B$7*B52 in cell B53 and copy it
across.

WACC Method. Caculate the firm's net cash flows and then discount them at WACC as
follows:
o Before-Tax Cash Flowsrepeatsrow 12. Enter =C12 in cell C57 and copy it across.
o TaxesisBefore Tax Cash Flow * (Tax Rate). Enter =C57*$B$5 in cell C58 and copy it
across.
o After-Tax Cash Flow isthe difference. Enter =C57-C58 in cell C59 and copy it across.



5. Present Value of Net Cash Flows (at WACC). Using the weighted average cost of capita
(WACC), discount the infinite series of constant cash flows using the infinite annuity formula:
(After-tax Cash Flow) / WACC. Enter =IF(H59=0,0,H59/G53) in cell G61. The IF statement
avoids an error message that occurs when a cell in the formulais undefined. This occurs when the
Infinite Horizon After-tax Cash Flow (H59) is zero causing the Equity Weight and Debt Weight
to be undefined and thus causing WACC in cell G53 to be undefined. Discount the explicitly
forecast horizon cash flows using a recursive, one-period-at-a-time approach: PV of Future Net
Cash Flows (t) = [Net Cash Flow (t+1) + PV of Future Net Cash Flows (t+1)] / (1+WACC).
Enter =IF(G59+G61=0,0,(G59+G61)/(1+F53)) in cell F61 and copy it leftwards to the range
B61:E61. Again the IF statement avoids an error message.

6. Initial Outlay from New Investment, NPV of the Project, and PV of Future Cash Flows. To
get the NPV of the Project using the WACC method, subtract the Initial Outlay for New
Investment. Enter =-$B$4 in cell B62 and =B61+B62 in cell B63. The PV of Future Cash
Flows (WACC) isarepeat of row 61. Enter =B61 in cell B64 and copy it across.

We see that the NPV of the Project under WACC is $221.48, which is the same as the APV and FTE
calculation. We see that the PV of Future Cash Flows under WACC starts at $471.48 and declines to
$260.00, which isthe same as under APV and FTE.

Finally, al of the discussion so far has focused on valuing projects. However, the same Two-Stage
spreadsheet model can be used value companies simply by zeroing out the Investment amount and
entering the firm's total Before-tax Cash Flows and the firn's total Debt amount. Again, al three
valuation methods will generate the same valuation of the firm.

Problems
Skill-Building Problems.

1. A firm has the opportunity to do a one-shot project. It requires a date O initial outlay for new
investment of $250,000. During the initia five-years, it will generate the following before-tax
cash flows. date 1 = $380,000, date 2 = $430,000, date 3 = $520,000, date 4 = $460,000, date 5
= $280,000, and $120,000 each year thereafter. The project’s tax rateis 36.0%, it’s unlevered cost
of capital is 11.6%, and the riskfree rate (= cost of debt) is 3.7%. The company has precommitted
to a particular quantity of debt on the following dates to support this project: date 0 = $130,000,
date 1 = $220,000, date 2 = $270,000, date 3 = $240,000, date 4 = $150,000, and $70,000 each
year thereafter. What is the project’s NPV as calculated using the APV method? What is the
present value of future cash flows to both debt and equity?

2. Given the same firm and same project as problem 1, calculate the project’s NPV using the Flows
To Equity method. Compare this result to the APV result. On each date, calculate the present
value of future cash flows to both debt and equity. Verify that this result is the same as the APV
case.

3. Given the same firm and same project as problem 1 and 2, calculate the project’s NPV using the
Weighted Average Cost of Capital method. Compare this result to the APV and FTE results. On
each date, calculate the present value of future cash flows to both debt and equity. Verify that this
result isthe same asthe APV and FTE cases.

Live In-class Problems.



4. Given the partial Adjusted Present Value spreadsheet ThreeapZ .xls, do steps 5 Tax Shield and 6
Present Value of Future Tax Shield and the first part of step 7 NPV of the Project and PV of
Future Cash Flows.

5. Given the partial Flows To Equity spreadsheet ThreeftZ.xls, do steps 5 Present Value of Future
FTE and the first two parts of step 6 Initial Outlay from Shareholders, NPV of the Project,
and PV of Future Cash Flows.

6. Given the partial Weighted Average Cost of Capital spreadsheet ThreewaZ xls, do steps 2
Equity and Debt Weightsand 3 WACC.

PART 4 FINANCIAL PLANNING

14 Corporate Financial Planning
14.1 Actual

Problem. Construct actual (historical) financial statements for Cutting Edge B2B Inc. in preparation for
forecasting their financial statements.

Solution Strategy. Enter actual values in the yellow input sections. Enter appropriate additions and
substractions to complete the Income Statement and Balance sheet. Then calculate the Key Assumptions
over the actual years.

FIGURE 14.1 Actual Assumptions & Income Statement for Cutting Edge B2B Inc.



2 B | ¢ [ o [ E [ F | & | H |
1 |CORPORATE FINANCIAL PLANNING  Actual
2 |Cutting Edge B2B Inc. | 1997 1995 1999 2000 200 2002 2003 | Ave Hist,
3 |Financial Plan Sctual | Actual | Actual | Actusl | Forecast |Forecast Forecast | % of Sales
4 |Key Assumptions
S |Sales Growth Rate 24 3% 19.68%
E |Tax Rate 43 5% 42 1% AT A%
¢ |Int Rate on Short-Term Debt 6.7 5.9% 7%
g |Int Rate on Long-Term Dekit 78% 5.1% G.3%
9 |Dividend Payout Rate 35.0% 35.0% 3a.0%
10 |Price ! Earnings 283 29.0 280
11
12 |Income Statement (Mil.$)
13 |Sales FO9325 | $115935 [ $138.684
14 | Cost of Goods Sold F55.39 [ 7549 F59.65
15 | Grozs Margin F34.59 | $4044 | F49.01
16
17 | Zeling, en & Adm Expenzed F7.28 F55E | 104
18 |Depreciation 637 TR $9.56
19 |EBIT $21.24 | F24.57 F25.94
20
21 |Irterest Expenze 3525 J5.E69 F5.85
22 |Taxes §6 .96 Fr.a2 §7 .60
23 |MNet Income Fa.03 | $10.356 F12.46
24 |Shares Outstanding (Milions)) 40.36] 4493 53.91]
25 |Earningz Per Share F0.22 F0.25 F0.23
26
27 |Allocstion of Met Income:
28 |Dividends [ 3317 | 3383 %436 |
29 | Chanoe in Equity 585 JET3 $5.10

How To Build Your Own Spreadsheet Model.

1. Set-up Row and Column Titles. Enter column titles, such as 1997, 1998, etc. in row 2 and
“Actual” vs. “Forecast” in row 3. Then, place the cursor in cell B4 and click on Window |
Freeze Panes. This freezes the top three rows as column titles at the top and freezes Column A as

arow title at the left. Thisstep is essential to navigation in alarge spreadsheet model.

share into the range B62: E62.

Enter Actual Values. Enter three years of actual interest rates into the range C7:E8. Enter three
years of actual Income Statement values for Cutting Edge B2B Inc into the yellow input sections
of the range C13:E22 (see Figure 14.1). Enter the shares outstanding into the range C24:E24.
Enter dividends into the range C28:E28. Enter four years of actual Balance Sheet values into the
yellow input sections of the range B34: E55 (see Figure 14.2). Enter the observed market price /



FIGURE 14.2 Actual Balance Sheet for Cutting Edge B2B Inc.

o

B

C

| D

E | F | & [ H

CoORPORATE FINANCIAL PLANNING  Actual

2 Cutting EdgE BZ2B Inc. | 41997 1993 19494 2000 20Mm 2002 2003 Ave Hizt.
3 |Financial Plan Actual | Actusl | Actusl | Actual | Forecasst | Forecast Forecast | % of Sales
3 |Balance Sheet (Mil %)

32 Assels

33 [Current Assets

34 | Cash & Equivalents .27 3635 762 §5.83
35 | Receivables $2055 | $24.39 | $2a.07 [ F344
36 | Inventories F26.73 | Fa0.45 | 3675 | FAIT
37 |Total Current Assets 5155 0 §E1.22 0 §Y314 FeE.M
38

39 |Property, Plant & Equip. (PPE)| $331 .64 | $423.92 | 8503.87 [ 3613.28
40 | Accumulsted Deprecistion | $93.72 [F105.09 [ 511240 | $12226
41 |Met PPE F23292 $318.583 | §391.47 | §491.02
47

43 |Total Assets §254.50  $350.05 | B464.61 | 27723
44

45 |Liabilities and Shareholders® Equity

46 | Current Liahilties

47 | Accourts Pavable F31.83 [ $65.43 | $53.84 | F94.41
48 | Short-term Debt F3086 | F43.03 | F64.85 F73.49
49 | Total Current Liahilties FE2E89 F10646 F14569  F17390
a0

51 [Long-term Dekbt 4000  F4590 | F51.50 Froe
52 |Total Liskilties F10269 $152.36  F20019  §244 7
53

24 | Shareholders' Equity

55 | Paic-in Capital $20.00 |[$130.00 [$160.00 | $220.00 |
56 | Retained Earnings F91.81 | $97¥ 69 F104.42  F11252
57 | Total Sharehalders' Eqjuity $181.81  F227 69 | B264 .42 | §332.52
a8

289 | Total Liak. & Share, Equity §254.50  $350.05 | B464.61 | 27723
(=11}

E1 |Debt f(Dekt + Equity) 28.0% 28.1% 30.6% 31.1%
B2 |Market Price i Share §6.21 | 3657 | $668 | 3671 |
63 [External Funds Meeded F55.07 5742 §93.95

3. Thelncome Statement and Earnings Per Share. Some Income Statement items are based on
the Key Assumptions section, others are forecasted as a percentage of sales, and others are simple
additions or subtractions.

o Gross Margin = Sales - Cost of Good Sold. Enter =C13-C14 in cell C15 and copy it

across.

o Earnings Before Interest and Taxes (EBIT) = Gross Margin - SG&A Expense. -
Depreciation. Enter =C15-C17-C18in cell C19 and copy it across.

o Net Income = EBIT- Interest Expense - Taxes. Enter =C19-C21-C22 in cell C23 and
copy it across.

o Earnings Per Share = Net Income / Shares Outstanding. Enter =C23/C24 in cdll C25 and
copy it across.

o Change in Equity = Net Income - Dividends. Enter =C23-C28 in cell C29 and copy it

across.



4. TheBalance Sheet and the Plug Item. A Balance Sheet, by definition, must balance. Therefore,
one line on the forecasted balance sheet must be a dack or plug item. There is some discretion in
what you choose to be the plug item. In this case, the plug item is Long-term Debt. It is the
residua item after everything else is forecast. Specifically, the Balance Sheet works as follows:

(0]

(0]

Tota Current Assets = Sum of the Current Asset Items. Enter =SUM (B34:B36) in cell
B37 and copy it across.

Net PPE = Property, Plant and Equipment — Accumulated Depreciation. Enter =B39-B40
in cell B41 and copy it across.

Total Assets = Total Current Assets + Net PPE. Enter =B37+B41 in cell B43 and copy it
across.

Tota Liabilities and Shareholders Equity is set equal to Total Assets. Enter =B43 in cell
B59 and copy it across.

Retained Earnings on the First Date is set directly. Enter $91.81 in cell B56. Retained
Earnings on date t = (Retained Earnings on date t-1) + (Change in Equity from the
Income Statement). Enter =B56+C29 in cell C56 and copy it across.

Total Shareholders’ Equity = Paid-in Capital + Retained Earnings. Enter =B55+B56 in
cell B57 and copy it across.

Tota Liabilities= Total Liabilities and Shareholders Equity - Total Shareholders Equity.
Enter =B59-B57 in cell B52 and copy it across.

Total Current Liabilities = Accounts Payable + Short-term Debt. Enter =B47+B48 in cell
B49 and copy it across.

Long-term Debt = Total Liabilities — Total Current Liabilities. Enter =B52-B49 in cell
B51 and copy it across.

5. Other Comparisons. Debt / (Debt + Equity) = (Short-term Debt + Long-term Debt) / (Short-term
Debt + Long-term Debt + Total Shareholders Equity). Enter =(B48+B51)/ (B48+B51+B57) in
cell B61 and copy it across. The formula for the firm’s External Funds Needed = (Increase in
Tota Assets) — (Increase in Retained Earnings) — (Increase in Accounts Payable). Enter =(C43-
B43)-(C56-B56)-(C47-B47) in cell C63 and copy it across.

6. Key Assumptions. It is helpful to analyze key growth rates and ratios for past few years in order
to forecast those same items into the future.

(0]

Sales Growth Rate(date t) = (Sales(date t) — Sales(date t-1)) / Sales(date t-1). Enter
=(D13-C13)/C13incell D5 and copy it across.

Tax Rate = Taxes / (Before-Tax Income) = Taxes / (EBIT — Interest Expense). Enter
=C22/(C19-C21) in cell C6 and copy it across.

Dividend Payout Rate = Dividends/ Net Income. Enter =C28/C23 in cell C9 and copy it
across.

Price / Earnings = (Market Price Per Share) / (Earnings Per Share). Enter =C62/C25 in
cell C10 and copy it across.

Now you are ready to Forecast the Financial Statements.

14.2 Forecast

Problem. Given actual financia statements for Cutting Edge B2B Inc., forecast their financial
statements for the next three years. Explore the impact of the financing choice variables: debt or equity.

Solution Strategy. Analyze the historical financial statements to determine which income statement and
balance sheet items are close to being a constant percentage of sales and which items are not. Then,



forecast sales as accurately as possible. Then, apply the average historical percentage of sales to generate
most of the income statement and balance sheet items. Forecast other key assumptionsto generate most of
the rest and work out the implications for additional financing. Make the Balance Sheet balance by
calculating long-term debt as the plug item. Raise (or lower) the portion of equity relative to the portion
of debt by raising (or lowering) paid-in capital.

FIGURE 14.3 Forecast Percent of Salesfor Cutting Edge B2B Inc.

A B | ¢ [ o [ E [ F | &6 | H | |

1 |CORPORATE FINANCIAL PLANNING | Forecast

2 |Cutting Edge B2B Inc. | 1997 1995 1999 2000 200 2002 2003 | Ave Hist.

3 |Financial Plan Actual | Actual | Actual | &ctual |Forecast Forecast Forecast | % of Sales
65 |Income Statement (% of Sales)

BB |Sales 1000%  100.0% | 1000% ) 1000% ) 1000% 100.0% 100.0%
BT |Cost of Goods Sold 52 B% ES.1% G4 7% G4 1% E4 1% B4 1% G4 1%
B8 [Zross Margin aTA4% 24 9% 35.3% 359% 25.9% 35.9% 359%
B9

70 | Seling, en & Adm Expensed 7.8% 7 4% 74% 7.o% 7.a% T.5% 7.o%
71 |Depreciation 6.8% 5.3% TA% G.7% G.7% E.7% G.7%
72 |EBIT 22.8% 21.2% 20.8% 21 B% 21 B% 21 B% 21 B%
73

74 |Irterest Expense S 6% 5.5% 6.4% T1% 6.7% E.7% S2.9%
75 |Taxes To% 5.5% 5.0% 5.8% 5.0% E.0% 6.S%
B |Met Income Q7% 8.9% 9.0% g% 8.9% 8.9% 0.2%
77 | Sharesz Outstanding (Millions) 43.3% 358.8% IB8% IT2% 36.1% 34 5% 40.3%
¥a |Earningz Per Share 0.2% 0.2% 0.2% 01% 0.1% 0.1% 0.2%
80 | Allocation of Met Income:

81 |Dividends 34% 31% 3% 3% 31% 2.1% 32%
G2 |Change in Equity 6.3% 5.5% 5.8% a.7% 5.5% 5.5% 6.0%
&4 |Balance Sheet (%% of Sales)

oo | Assets

86 |Current Azzets

87 | Cash & Equivalents 6.O8% E.6% 6.4% 6E% E.6% E.6% 6E%
o | Receivables 261% 24 8% 24 B% 252% 252% 29.2% 252%
g9 | Invertaries 32 6% 31.07% 31.2% 31.8% 31.8% 31.6% 31.8%
a0 |Total Current Assets ES B E31% G21% B3 6% E3 E% B3 6% B3 6%
=5

92 |Property, Plant & Equip. (PPE) 454 5% 434 8% | 441 7% 42T0% ) 424 3% 4231% 443 B%
93 | Accum Deprecistion 112.7% 97 0% 58.1% 52.7% 79.9% T8.7% 09 2%
94 |Met PPE 341 8% 33T 3537% | 344.4% ) 344.4% 0 344 4% 344 4%
e

!EIE Total Azsetz 407 4% 400.8% | 415858% | 408.0% 4050%  405.0% 405.0%
98 |Liabilities and Shareholders" Equity

99 | Current Lisbilties
100 Accounts Payable 63.0% T2.3% 63.0% 53.4% B9.4% 69.4% 53.4%
101 | Short-term Debt 46 1% 55.9% o7 3% S34% 53.1% o3.1% S34%
102 | Total Current Lishilties 144% 1283% | 1253% | 1225% 1225% 1225% 122.5%
103
104 | Long-term Dekit 49.2% 44 4% a1 0% 45.5% 47 9% 2. .56% 45.2%
105 | Total Liskilties 163.3%  1727% | 1763% | 171.0% 1705%  173.4% 170.58%
TG
107 | Shareholders' Equity
108| Paid-in Capital 139.4%  1380% | 1585% ) 1614% 1648% 1E63.4% 145 3%
108  Retained Earnings 104.7% 90.1% a1.0% 75 5% T27% 71.3% 91 9%
110 Total Shareholders' Equity 244 1% 2281% | 2395% | 23T0% | 23758% 0 2346% 23T 2%
112 |Total Liahilities and Equity 407 4% 4008% | 4158% | 408.0% 4030%  408.0% 408.0%




How To Build Your Own Spreadsheet Moddl.

1

2.

Calculate the Percent of Sales. For the historical financials, calculate each Income Statement
and Balance sheet item as a percentage of sales (see Figure 14.3). In cell C66, enter =C13/C$13
The $signin C$13 locksin Salesin row 13. Copy the formulain cell C66 across the entire range
C66:H112. This calculates the historical percent of sales and it sets up the forecasted percent of
sales. Delete ranges that correspond to blank sections of the Income Statement and Balance Sheet.
That is, delete ranges C69:H69, C73:H73, C79:H79, C83:H86, C91:H91, C95:H95, C97:H99,
C103:H103, C106:H107, and C111:H111. Looking at the historica financial statements, we see
that most Income Statement and Balance Sheet items are nearly a constant percentage of sales.
The main exceptions are: Interest Expense, Taxes, Accumulated Depreciation, Short-term
Debt, Long-term Debt, and Shareholders’ Equity.

Average Historical Percent of Sales. In Figure 14.3, column | is the average historical percent
of sales. Thisis simply the average of the percent of sales for the three historical years (1997 —
1999). In cell 166, enter =AVERAGE(C66:E66). Copy the formulain cell 166 across the entire
range 167:1112. Average historical percent of sales are used to forecast al financial items that are
nearly constant as a percentage of sales. Delete cells and ranges that correspond to blank parts of
the Income Statement and Balance Sheet. That is, delete cells 169, 173, 191, 195, 1103, and 1111
and deleteranges 1 79:180, 183:186, 197:199, and 1 106:1107.

FIGURE 14.4 Forecast Assumptions & Income Statement for Cutting Edge B2B Inc.

A, B | ¢ | o | E | F | & | H |
1 |CorRPORATE FINANCIAL PLANNING  Forecast
2 Cutting Edge BZB Inc. 1997 1993 1999 2000 2001 2002 2003 Ave Hist,
3 |Financial Plan Actual | Actusl | Actusl | Actual | Forecast | Forecast Forecast | % of Sales
4 |Key Assumptions
5 |Sales Growth Rate 24 3% 19.8% 16.0% 13.0% 11 0%
B |Tax Rate A0 0% 40.0% A0 0% A0 0% 40.0%: 40 0%
7 |Int Rate on Short-Term Dekt 6.7 % 6.9% 7.1% 7 0% 6.9% G .G%
8 |Int Rate on Long-Term Dekt 7 9% 8.1% G.3% 8.2% 8.1% 8 .0%%
9 |Dividend Payout Rate a5 .0% 35.0% 35 0% a5 0% 35.0% 35 0%
10 |Price ! Earnings 293 290 290 294 294 294
11
12 |Income Statement {Mil.$)
13 [Sales $93.25 | 11293 | $135.684 | F161.05  $181.99 | F202.M
14 |Cost of Goods Sold $55.39 | $75.49 $89.83 | $103.30 F11673  F12957 B4 1%
15 |Gross Margin $34.59  $40.44 F49.01 FEFYE | FESZY O FF245
16
17 |Seling, Gen & Adm Expenses Fr.25 $5.56 | F10.21 | $1210 0 $I1567 0 Fa18 7.5%
18 |Deprecistion 3637 5731 F956 | F1086  F1228 | F1363 B.7%
19 [EBIT F21.24 0 2457 F2504  §3479 0 F30.32 0 R45E4
20
21 |Interest Expense F5.23 $6.69 F583 | $11.3537 0 222 | 1355
22 |Taxes 35 .96 5752 b =] F9.37 0 Ro08d4 0 F12.04
23 [Met Income $9.05 | $10.36 F1246 0 $1405  FIE25 0 1505
24 | Shares Outstanding (Millions) 40.36 44 93 53.91 5957 6567 59.79
25 |Earnings Per Share go.22]  s023] s023] so23] go=s|  s0.26]
26
27 | Allocation of MNet Income:
28 |Dividends | #3217 | 3363 $436| %492 3569 | $6.32
29 |Change in Equity 555 FE6.73 F5.10 913 | F057 0 FA1.73




3. Forecasting Sales and Other Key Assumptions. Looking at the historical sales growth rate in
Figure 14.1, it is clear that the rate of growth is dowing down. This may reflect such factors as
increasing competition or relative saturation of the market. It seems prudent to forecast a
continued slowdown in the rate of growth. Hence, sales are forecast to grow at 16%, 13% and
11% over the next three years. Enter these sales forecasts in the range F5:H5. Interest rates on
short-term and long-term debt are forecasted based on their current levels with a slight declining
trend. The rest of the key assumptions are forecasted at or near their average historical levels.
Enter the forecast values shown in Figure 14.4 in the range F6: H 10.

4. The Income Statement. Some Income Statement items are based on the Key Assumptions
section, others are forecasted as a percentage of sales, and others are simple additions or
subtractions.

o Sdesondaet = (Saeson date t-1) * (1 + Sales Growth Rate). Enter =E13*(1+F5) in
cell F13 and copy it across.

o Cost of Goods Sold = (Ave. Hist. Goods Sold / Sales) * Sales. For convenience, reference
the Ave. Hist. Goods Sold / Sales by entering =167 in cell 114. Then enter =$1 14* F$13
in cell F14 and copy it across. The $ sign in $1 14 locks in column |, which is the Ave.
Hist. Goods Sold / Sales and the $ sign in F$13 locks in row 13, which is Sales.

o GrossMargin = Sales - Cost of Good Sold. Thisis the same as the Actual Gross Margin.
Copy cell E15 across.

o Sdling, Gen and Adm Expense = (Ave. Hist. SG&A / Sales) * Sales. Depreciation is
forecast in the same way. This is the same format as the Cost of Good Sold. Copy the
range F14:114 to therange F17:F18.

o Earnings Before Interest and Taxes (EBIT) = Gross Margin - SG&A Expense. -
Depreciation. Thisisthe same asthe Actua EBIT. Copy cell E19 across.

o Interest Expense = (Interest Rate on Short-term Debt) * (Amount of Short-term Debt at
the End of the Previous Year) + (Interest Rate on Long-term Debt) * (Amount of Short-
term Debt at the End of the Previous Year). Enter =F7*E48+F8*ES51 in cell F21 and
copy it across.

o Taxes = (EBIT- Interest Expense) * (Tax Rate). Enter =(F19-F21)*F6 in cell F22 and
copy it across.

o Net Income = EBIT- Interest Expense - Taxes. This is the same as the Actual Net
Income. Copy cell E23 across.

o Dividends = (Net Income) * (Dividend Payout Rate). Enter =F23*F9 in cdl F28 and
copy it across.

o Change in Equity = Net Income - Dividends. This is the same as the Actual Change in
Equity. Copy cell E29 across.



FIGURE 14.5 Forecast Balance Sheet for Cutting Edge B2B Inc.

& B | ¢ | o | E | F | H
1 |CORPORATE FINANCIAL PLANNING  Forecast
2 |Cutting Edge B2B Inc.| 1937 | 1933 | 1339 2000 2001 2002 | 2003 | Awve Hist.
2 |Financial Plan Actual | Actual | Actual | Actual | Forecast Forecast |Forecast | % of Sales
3 |Balance Sheet (Mil.$)
32 |Aszets
33 [Current Azzetz
34 | Cash & Equivalents 427 | 638 | 762 | $883 | $1061  $11.99 133 B 5%
35 | Receivables $2055 | $24.39 | $26.77 | $3441 | F4055 | §4582 | §50.56 25.2%
36 | Invertories T26.73 | %3045 | $36.05 | 4307 | $51.27 | §57.04 | §E4.31 HE%
37 |Total Current Assets $51.58 | $61.22 | $7314 | $86.21  $10244 | §11575 | $128.49
35
39 |Property, Plant & Equip. (PPEI| $331 .64 | $425.92 [§503.67 [ $615.25 | 3667.76 | §772.14 | $654.71
40 | Accumulated Deprecistion | $98.72 | $105.09 | 11240 | $122 26 |$13312 | $145.40 | §159.03
41 |Met PPE $232.092 | $31883 | $391.47  $491.02 |§55464 | $626.74 | $5O5.65 344 4%,
42
43 | Total Assets $254.50 | $30005  F464.51  $57723 | $6ST.O7 | 74240 | §E2447
44
45 |Liabilities and Shareholders® Equity
46 |[Current Liahilties
47 | Accounts Pavable $31.65 | $63.43 | 38354 [ $94.41 | §111.54 | $12637 | $14027 B9.4%
45 | Shart-term Debt $30.56 | $43.03 | 36455 | 7049 | 8553 | F9565  $107.25 531%
49 | Total Current Lishilties $5269 | $106.46 | 14569 | $173.90  $197.37 | $22302 | $247 .56
50
£1 |Lang-term Dekt $40.00 | $4590  $51.50 | 7051 [ Gre05 | Garos | 10266 |
52 | Tatal Lisbilties 10259 | $15236 | $20019 | $244 71 |§27542 | 31027 | §350.21
53
24 | Shareholders' Equity
55 | Paic-in Capital $90.00 [$130.00 [$160.00 [ $220.00 [$260000 [ $300.00 [$330.00 |
56 | Retsined Earnings $91.81 | $97.60 $0442  $11252 $12165 | F15222  $143.495
57 |Total Sharsholders' Equity | $181.81 | $207 69  $264.42 | $33252 |§351.65 | §432.22 | §473.95
55
59 | Total Lisk. & Share, Equity | $254.50 | $380.05  $464.51  $577.23  $657.07 | §742.49  §024.17
B0
B1 |Diehit £ (Debt + Equity) 250%  261%  F06% | F4%  300% 295%  307%
B2 |Market Price i Share $5.21 | 3657 | 663 | %671 | P890 $728 | $TEO
B3 |External Funds Meedsd $58.07 | §5742 | $93.95 | $53.28 | §60.32 | §O6.04

5. TheBalance Sheet. The Balance Sheet works as follows:

Current Asset Item = (Ave. Hist. Current Asset Item / Sales) * Sales. This is the same
format as Depreciation. Copy the range F18:118 to the range F34:F36.

Total Current Assets = Sum of the Current Asset Items. This is the same as the Actua
Tota Current Assets. Copy cell E37 across.

Net PPE = (Ave. Hist. PPE / Sdles) * Sales. Thisis the same format as Inventories. Copy
the range F36:136 to the cell F41.

Accumulated Depreciation on date t = (Accumulated Depreciation on date t-1) +
Depreciation. Enter =E40+F18 in cell F40 and copy it across.

Property Plant and Equipment = Net PPE + Accumulated Depreciation. Enter =F40+F41
in cell F39 and copy it across.

Total Assets = Tota Current Assets + Net PPE. This is the same as the Actual Total
Assets. Copy cell E43 across.



o Tota Liabilities and Shareholders Equity is set equal to Total Assets. Thisis the same as
the Actual Total Liabilities and Shareholders Equity. Copy cell E59 across.

o Paid-in Capital is akey choice variable. Enter any values for right now. Perhaps you want
to continue the trend of recent years. At the end, we will come back and adjust this
category to achieve the desired mix of debt and equity.

o Retained Earnings on date t = (Retained Earnings on date t-1) + (Change in Equity from
the Income Statement). This is the same as the Actual Retained Earnings. Copy cell E56
across.

o Tota Shareholders Equity = Paid-in Capital + Retained Earnings. Thisisthe same asthe
Actua Total Shareholders Equity. Copy cell E57 across.

o Totad Liabilities= Tota Liabilities and Shareholders Equity - Tota Shareholders Equity.
Thisisthe same asthe Actual Total Liabilities. Copy cell E52 across.

o Accounts Payable is forecasted based on the Percentage of Sales. Thisis the same format
as Net PPE. Copy the range F41:141 to the cell F47.

o Short-term Debt = (Ave. Hist. Short-term Debt / Sales) * Sales. This is the same format
as Inventories. Copy the range F36:136 to the cell F48.

o Total Current Liabilities = Accounts Payable + Short-term Debt. This is the same as the
Actua Total Current Liabilities. Copy cell E52 across.

o Long-term Debt = Total Liabilities — Total Current Liabilities. This is the same as the
Actua Long-term Debt. Copy cell E51 across.

6. Adjust Paid in Capital and Check Long-Term Debt. Most companies try to maintain a target
proportion of debt vs. equity. Adjustment Paid in Capital, which is a component of equity, will
accomplish this. Debt / (Debt + Equity) is the same as the Actua ratio. Copy cell E61 across.
Historically, the company has maintained a Debt / (Debt + Equity) proportion between 28.0% and
30.2%. In this forecast, the company chooses to maintain a Debt / (Debt + Equity) proportion of
dightly more than 29%. Raise (or lower) Paid in Capital in the range F55:H55 to the percentages
shown in Figure 14.5, in order to lower (or raise) the Debt / (Debt + Equity) proportion. After all
of the forecasting is done, it is important to check Long-term Debt to make sure that it isn’t
growing explosively or dropping rapidly (perhaps going negativel). If it is going wild, then
backtrack to identify the source of sharp up or down movements and check for errors.

7. Shares Outstanding and Earnings Per Share. The formula for Shares Outstanding on date t =
(Shares Outstanding on date t-1) + (Paid in Capital on date t - Paid in Capital on date t-1) *
(Market Price/ Share on date t-1). This assumes that you issue shares at the beginning of the year.
Enter =E24+(F55-E55)/E62 in cell F24 and copy it across. Earnings Per Share = Net Income /
Shares Outstanding. This is the same as the Actual Earnings Per Share. Copy cell E25
across. Some of these cells will temporarily display an error message until the Market Price /
Shareis calculated in the step below.

8. Other Comparisons. The formula for Market Price / Share = (Price / Earnings) * (Earnings /
Share). Enter =F10*F25 in cell F62 and copy it across. The formulafor the firm’s External Funds
Needed = (Increase in Total Assets) — (Increase in Retained Earnings) — (Increase in Accounts
Payable). This is the same as the Actual External Funds Needed. Copy cell E63 across. We see
that there continues to be a significant amount of External Funds Needed.

The forecast for the next three years is a steady increase in Earnings Per Share from $0.23 to $0.25 to
$0.26.

14.3 Cash Flow



Problem. Given historical and forecasted Income Statements and Balance Sheets for Cutting Edge B2B
Inc., create the historical and forecasted Cash Flow Statement.

Solution Strategy. Construct the cash flow statement by starting with Net Income from the Income
Statement and then picking up the year to year changes from the Balance Sheets.

FIGURE 14.6 Historical and Forecasted Cash Flow Statement for Cutting Edge B2B Inc.

2, B | ¢ | o | E | F | & | H |

1 |CoRPORATE FINANCIAL PLANNING | Cash Flow
2 |Cutting Edge B2B Inc.| 1997 1995 1999 2000 | 2001 | 2002 | 2003 Awve Hist.
3 |Financial Plan Actusl | Actual | Actual | Actual | Forecast Forecast |[Forecast % of Sales

114|Cash Flow Statement [Mil.§)
115 | Cazh Flovw From Operating Activities

16| Met Income F9.05 0 036 0 §246  F14.05 0 F6.23 0 FI5.05
17| + Deprecistion F6.37 F7.3 $a86  FO086  $1223 | F1363
118| - Increase in Accounts Regeivable (F3.81) (F4.358) (F534) (5644 (FS2T (FS.04)
19| - Incresze ininventaries (53721 (§6.300 (6521 (F8000| (FEE7) (F6.37)
120 + Increasze in Accounts Payable F31.60 2041 057 0 $743 0 §14.54 0 F15.890
121 [Cash Flow From Cperating Activity $39.49 %2740 0 FN.03 0 FEYL0 0 F31.13 0 FI4AT
122

123 | Cazh Floww From Investing Adtivities

124 | - Inwestment in Plant and Eguipment | 0592257 0579.951 0F103.417 (574451 (554557 (F52.57)
125 | Cazh Flowe From Investing Adivities (F92.258) (579.93) (5109410 (F74.48) (554.33) (5257
126
127 | Cazh Floww From Financing Agtivities

128| + Increase in Long-term Degit F5.40 F5 60 | F19.31 3724 .20 | F1541
129| + Increase in Short-term Dkt 217 FM.82 0 464 FEO04 0 112 FOES
130 + Increasze in Paid in Capita F40.00  F30.00  FE0.00  F40.00 | F40.00 @ F30.00
131 - Dividends Paid ($317 ($3631 F4361 (F4.92) ($5.691 (F6.32)

132 | Cazh Flowe From Financing Adtivities F5490 0 F33.79 0 F8959 | P4E57 | FE3 0 F4972
133
134 |Zhange in Cash and Equivalents F2.11 F1.24 F1.21 ¥1.78 F1.38 F1.32
135 | Cazh and Equivalerts at Beain. of Year | §4.27 §5.35 762 ¥e83 0 061 1049
136 | Cazh and Equivalerts at End {Jf ‘ear 36.35 F7 .62 583 061 $1.99 | F13iA

How To Build Your Own Spreadsheet Moddl.

1. Open the Basics Spreadsheet. Open the spreadsheet that you created for Corporate Financia
Planning - Basics and immediately save the spreadsheet under a new name using the File| Save
As command.

2. Cash Flow from Operating Activities. Start Net Income, then add or subtract year-to-year
changes in other Operating Activities items.

o Net Income = Net Income from the Income Statement. Enter =C23 in cell C116 and
copy it across.

o + Depreciation = Accumulated Depreciation (t) - Accumulated Depreciation (t-1). Enter
=C40-B40in cell C117 and copy it across.

o - Increase in Accounts Receivable = -(Receivables (t) - Receivables (t-1)). Enter =-(C35-
B35) incell C118 and copy it across.

o -Increasein Inventories = -(Inventories (t) - Inventories (t-1)). Enter =-(C36-B36) in cdl
C119 and copy it across.



o + Increase in Accounts Payable = Accounts Payable (t) - Accounts Payable (t-1). Enter
=C47-B47 in cell C120 and copy it across.

o Cash Flow From Operating Activity = Sum of the Operating Activity items. Enter
=SUM (C116:C120) in cell C121 and copy it across.

3. Cash Flow from Investing Activities. Add or subtract year-to-year changes in Investing
Activities.
o - Investment in Plant and Equipment = -(PPE (t) - PPE (t-1)). Enter =-(C39-B39) in cdll
C124 and copy it across.
o Cash Flow From Investing Activity = Sum of the Investing Activity items. Enter =C124
in cell C125 and copy it across.

4. Cash Flow from Financing Activities. Add or subtract year-to-year changes in Financing
Activities items.

o + Increasein Long-term Debt = Long-term Debt (t) - Long-term Debt (t-1). Enter =C51-
B51in cell C128 and copy it across.

o + Increase in Short-term Debt = Short-term Debt (t) - Short-term Debt (t-1). Enter =C48-
B48in cell C129 and copy it across.

o +Increasein Paid-In Capital = Paid-In Capital (t) - Paid-In Capital (t-1). Enter =C55-B55
in cell C130 and copy it across.

o - Dividends Paid = - Dividends from the Income Statement. Enter =-C28 in cell C131
and copy it across.

o Cash Flow From Financing Activity = Sum of the Financing Activity items. Enter
=SUM (C128:C131) in cell C132 and copy it across.

5. Cash and Equivalents. The last category sums up the cash flows from operations, investments,
and financing and "balances' the Cash Flow Statement by tying the sum of the cash flows to the
Change in Cash and Equivdents.

o Change in Cash and Equivalents = Cash Flow From Operating Activity + Cash Flow
From Investing Activity + Cash Flow From Financing Activity. Enter
=C121+C125+C132in cell C134 and copy it across.

o Cash and Equivalents at the Beginning of the Year = Cash and Equivalents (t-1). Enter
=B34 in cell C135 and copy it across.

o Cash and Equivaents at the End of the Year = Change in Cash and Equivalents + Cash
and Equivalents at the Beginning of the Year. Enter =C134+C135 in cell C136 and copy
it across.

Notice that the $6.38 Cash and Equivalents at the End of Y ear 1998, which was obtained by summing al
of the cash flows from operations, investments, and financing together with the Beginning of the Year
balance for 1998, does indeed equal the $6.38 Cash and Equivalents at the Beginning of Y ear 1999. Thus,
the sum of the cash flows from operations, investments, and financing does equal the Change in Cash and
Equivalents. This balancing of the Cash Flow Statement is a direct consequence of the balancing of the
Balance Sheet. It isaso agood way to check for possible errorsin your spreadsheet.

14.4 Ratios

Problem. Given historical and forecasted financial statements for Cutting Edge B2B Inc., create the
historical and forecasted financial ratios.



Solution Strategy. Calculate the financial ratios by referencing the appropriate items on the Income
Statement or Balance Sheet.

FIGURE 14.7 Historical and Forecasted Financial Ratiosfor Cutting Edge B2B Inc.

A B [ ¢ | o [ E | F | 6 [ H | |

1

CoRPORATE FINANCIAL PLANNING  Ratios

2 |Cutting Edge B2B Inc. | 1997 1993 15999 2000 2001 2002 2003 | Ave Hist.
3 |Financial Plan Actual | Actual | Actual | &ctual |Forecast Forecast Forecast | % of Sales
135 |Financial Ratios
139 | Profitability
140 | Return On Sales (ROS) 228%  M2% 208% 2ME% 2% ME%
141 |Return On Azsets (ROA) B.4% 5.8% 5 E% 56% 56% 5 6%
142 | Return On Equity (ROE) 4 4% 4.2% 4.2% 3.9% 4.0% 4.0%
143
144 | Agset Turnover
145 |Receivables Turnover H14 9% 436.2% 441 6% 431 4% 421 4% M7 9%
148 | Irvertory Turnover 204 2% 224 7% ZMAE% M35 MIFW M20%
147 | Azzet Turnover 281% VAW FETW B 2B0W 258%
145
149 |[Financial L everage
150 | Dkt 234%  50% 2E0%  249%  2483% 255%
151 | Times Irterest Earned J06.1% | 367.3%  3259%  306.0%  3IMEW 322.0%
152
153 | Liquidity
154 | Current 57 5% 492% 49 6% S51.9% S519% 51.9%
155 | Auick 289%  MAa% MTW 259% 259% 259%
156
157 |Market Yalue
158 | Price to Earnings 29.30 A7 2903 29.40 2940 29.40
159 | Warket to Book TMES% 1135%  1053.8% 103.3% 1106%  112.0%

How To Build Your Own Spreadsheet Moddl.

1. Open the Cash Flow Spreadsheet. Open the spreadsheet that you created for Corporate

Financial Planning - Cash Flow and immediately save the spreadsheet under a new name using
the File| Save Ascommand.

2. Profitability. These three ratios indicate the ability of the firm to use its assets productively in

generating revenues.
o Returnon Sales (ROS) = EBIT / Sales. Enter =C19/C13 in cell C140 and copy it across.
o Return on Assets (ROA) = EBIT / Average Total Assets = EBIT / ((Total Assets (t-1) +
Tota Assets(t)) / 2). Enter =C19/((B43+C43)/2) in cell C141 and copy it across.
o Return on Equity (ROE) = Net Income / Average Total Shareholders Equity = Net
Income / ((Tota Shareholders Equity (t-1) + Total Shareholders Equity (t)) / 2). Enter
=C23/((B57+C57)/2) in cell C142 and copy it across.

3. Asset Turnover. These three ratios indicate the degree of profitability of the company.

o Recevables Turnover = Sales / Average Receivables = Sales / ((Receivables (t-1) +
Receivables (t)) / 2). Enter =C13/((B35+C35)/2) in cell C145 and copy it across.

o Inventory Turnover = Cost of Goods Sold / Average Inventories = Sales / ((Inventories
(t-1) + Inventories (1)) / 2). Enter =C14/((B36+C36)/2) in cell C146 and copy it across.



o Asset Turnover = Sales / Average Total Assets = Sales / ((Totd Assets (t-1) + Tota
Assets (b)) / 2). Enter =C13/((B43+C43)/2) in cell C147 and copy it across.

4. Financial Leverage. These two ratios indicate the degree of burden of the company's debt.
o Debt = Total Debt / Totd Assets = (Short-term Debt + Long-term Debt) / Total Assets.
Enter =(C48+C51)/C43in cell C150 and copy it across.
o Times Interest Earned = EBIT / Interest Expense. Enter =C19/C21 in cell C151 and copy
it across.

5. Liquidity. Thesetwo ratios indicate the ability of the company to pay its bills and remain solvent.

o Current = Total Current Assets/ Total Current Liabilities. Enter =C37/C49 in cell C154
and copy it across.

o Quick = (Cash and Equivaents + Receivables) / Total Current Liabilities. Enter
=(C34+C35)/C49 in cell C155 and copy it across.

6. Market Value. These two ratios indicate the market value of the firm relative to accounting
measures of firm value.
o PriceTo Earnings = (Market Price/ Share) / Earnings Per Shares. Enter =C62/C25 in cell
C158 and copy it across.
o Market To Book = (Market Price / Share) / (Total Shareholders Equity / Shares
Outstanding). Enter =C62/(C57/C24) in cell C159 and copy it across.

Thefinancia ratios are very useful in interpreting the financial condition of the firm.

14.5 Sendgitivity

Problem. Given historical and forecasted financial statements for Cutting Edge B2B Inc., analyze the
sengitivity of the 2001 External Funds Needed to the assumed 2001 Sales Growth Rate.

Solution Strategy. Create a Data Table using Sales Growth Rate as the input variable and External Funds
Needed as the output variable. Then graph the relationship.

FIGURE 14.8 Sensitivity Analysisfor Cutting Edge B2B Inc.



A B [ ¢ [ b | E | F | ¢ | H ] |
1 |ICORPORATE FINANCIAL PLANNING  Sensitivity
2 |Cutting Edge B2B Inc. | 1997 1993 15999 2000 2001 2002 2003 | Ave Hist.
3 |Financial Plan Actual | Actual | Actual | Actual | Forecast Forecast |[Forecast % of Sales
161 |Data Table: Sensitivity of the External Funds Heeded to the Sales Growth Rate
162 Input Yaluesg for Sales Growth Rate
163 | Output Formula: | oo%| ao0w| 80w 120%) 160%| 20.0%] 24 0%
164 |External Funds Heeded $53.26 (20050 (F1.7H FIGGEZ 0 $3485  $5325 0 §71.62 $59.95
165
166
167 $100 External Funds Needed by the Sales Growth Rate
168
159 - $3|:| _/_,_/-"‘"
170 3 //
171 3 3e0
172 E +40 /’/
173 E /
174 L g
175 E ///’f
176 g 0
177 i
175 [#20]
179 [$40) . . . .
130 0.0 5.0 10,05 15.0% 200 250
181 Sales Growth Rate
152

How To Build Your Own Spreadsheet Model.

1. Open the Ratios Spreadsheet. Open the spreadsheet that you created for Corporate Financia
Planning - Ratios and immediately save the spreadsheet under a new name using the File| Save

Data Table. Create alist of input values for the 2001 Sales Growth Rate (0.0%, 4.0%, 8.0%, etc.)

in the range C163:1163. Create an output formula that references the 2001 External Funds

in cell B164. Select the range B163:1164 for the One-

Variable Data Table. This range includes both the input values on the top of the range and the
output formula on the left side of the range. Then choose Data | Table from the main menu and a
Table dialog box pops up. Enter the cell address F5 (2001 Sales Growth Rate) in the Row | nput

As command.

2.
Needed by entering the formula =F63
Cell and click on OK.

3. Graph. Highlight the input values and

the results of the data table (excluding the side) in the

range C163:1164 and then choose Insert| Chart from the main menu. Select the XY
(Scatter) chart type and make other selections to complete the Chart Wizard.

The sensitivity analysis indicates that 2001 Externa Funds Needed is very sensitive to the assumption
about 2001 Sales Growth Rate. Further, thereis alinear relationship between 2001 Sales Growth Rate and

2001 External Funds Needed.

14.6 Full-Scale Real Data



Problem. Given historical 10K financia statements for Nike, Inc., forecast their financial statements
over the next three years.

Solution Strategy. Modify the financial statement spreadsheet developed for the fictional firm Cutting
Edge B2B Inc. by adding an additional level of detail found in the actual 10K financial statements of
Nike, Inc. Then forecast the financia statements in the same way as before.

FIGURE 14.9 Historical and Forecasted Assumptions and | ncome Statement for Nike, Inc.

How To Build Your Own Spreadsheet Moddl.

& B | ¢ | o | E | F | & | H | 1 |
1 |CORPORATE FINANCIAL PLANNING Full-Scale, Real Data
2 |Mike, Inc. 1997 1993 1999 2000 2001 2002 2003 | Ave. %
3 |Financial Plan Actusl Actual &ctusl &ctusl | Forecsst | Forecast | Forecast | of Sales
4 |Key Assumptions
5 |Sales Growth Rate 1% 2.5% 5.0% 7.0% 9.0%
E |Tax Rate 355% 395% |  370%|  354% 35.4% 35.4%| 354%
7 |Int Rate on Short-Term Dekt 5 5% 51% 6.4% 5.5% 6.6% B.7%
& |Int Rate on Long-Term Debt 5.5% £.5% F.5% B.7% F.9% 7.0%
8 |Dividend Payout Rate Faw  302%  230%|  250% 25.0% 30.0%
10 |Price / Earnings 330 5.1 200 220 250 2510
11
12 |Income Statement (Mil.$)
13 |Sales $95531 [$8776.9 [$8,9951 | $9.4449 §101060 F11,0155
14 |Cost of Goods Sold $5561.0 | $5.295.3 | §5,215.8 | $56631 | §6,0595 | §6,604.9 | GO00%
15 |Gross hargin $36721 [ $3481.6 (337793 $373.8 | $40485 | 44107
15
17 |Seling, Zen & Adm Expenzes F2E255 | $2 4766 | 26064 | $26474 | $28327 | §308TE | 260%
18 | Cther Income/Expense, Met $20.9 $21.5 §23.2 §227 $24.3 $265 | 0.2%
19 |Restructuring Charge, MNet 1299 F45.1 [F2.5) F55.1 fE2.2 FE7 .5 0E%
20 | Depreciation $1845 | $198.2 | $@o.0 | $197.7  F211.5  §2306 0 21%
21 |EBIT $7130 | $7902 | F9R42 | §3559 | §9158 | $9932
22
23 |Interest Expense F60.0 4.1 450 F91.6 F60.2 o625
24 |Taxes $2534 | $2947 | %3407 | §2935 | §3285 | F3I61E
25 | et Income $3096 | F451.4 | §5791 | F4F0E | FS2F0 0 §5801
26 |Shares Outstanding (Milions) 257.0 2523 2695 2695 269 5 2695
27 |Earnings Per Share | #39] #$e0] $215 $1.75 $1.35 §2.15
25
29 | Allocation of Met Income:
30 | Dividends [ #1273 ] #1362 #1331 ] $1177 | $1476 | $1740
3 |Change in Equity $272.3 | $3152 | $446.0 | §3531 $I795 | P406.1

1. Open the Ratios Spreadsheet. Open the spreadsheet that you created for Corporate Financia
Planning - Ratios and immediately save the spreadsheet under a new name using the File| Save

As command.

FIGURE 14.10 Historical and For ecasted Balance Sheet for Nike, I nc.



& B | ¢ | o | E | F | & | H |
1 |CORPORATE FINANCIAL PLANNING Full-Scale, Real Data
2 |Hike, Inc. 1997 1993 1999 2000 2001 2002 2003 | Ave. %
3 |Financial Plan Actual Actual Actual Actual | Forecast | Forecast | Forecast | of Sales
33 |Balance Sheet (Mil %)
34 Assets
J3 | Currert Assets
36 | Cash & Equivalents F445 4 F102 6 F192.1 5254 3 F1959 2096 F220.4 21%
37 | Receivables 17541 [ $1 6744 [$1,5404 |1 5672 |$1 65258 | $1,7685  §1,0276 | 175%
38 | Inventories $1,3356 | $1,3966 [F11706 [ $1,4460 | $1,3363 | $1.4833  F1 6168 | 147%
39 | Deferred Income Taxes 357 F156.5 1206 Fl11.5 1340 F43.5 Fi1a6.2 1.4%
40 | Income Taxes Receivakble F0.0 F0.0 F159 522 JE5 J59 F7A 0.1%
41 Prepaid Expenses F157 1 F196.2 F2196 F215.2 F215.7 F2341 F255.1 2.3%
42 |Total Current Assets $38309 $35326 | $3264.9 | $35964 | §35941 | $I5456 | §41917
43
44 |Property, Plart & Equip., Met | $9224 [ $11531 [$1 2658 [$1,5834 | $1,38562  $14854  $I 5190 | 147%
45 lIrtangible Azzet & Goodwwill F4E4 2 F4358 F42E 6 F4109 F4405 F471 .3 FSs13TY 4. 7%
46 |Deferred Inc. Taxes & Other 1457 J275 9 F2a0.4 F266.2 F285.3 Fa05 .4 F336.2 31%
47 |Total Azsets §5,3651.2 | 353974 | §5,2477 | §58569  $5711.0 | $61105 66608 | 605%
48
49 |Liabilities and Shareholders® Equity
20 | Current Lisbilties
=1 Current Portion of L.T. Dekt F2.2 1.6 1.0 $a50.1 154 $19.7 $21.5 0.2%
52 | Motes Payable Fo53.2 F480.2 F419.1 Fo24 2 FE321 FETEZ Frav2 G.7%
53 | Accounts Payable FEET 1 F584 6 J473E Fo438 Fo52 9 551 6 FE44 5 5.9%
24 | Accrued Liahilties F570.5 JE05.5 F5535.2 F621 .9 JE166 6595 Fr1a.2 6.5%
55 | Income Taxes Payvable F5349 F25.49 F0.0 0.0 F9.5 F10.2 Fi1.1 01%
o6 | Total Current Lishilties $186648 %1 7035 F1 4469 F21400 | 158295 9576 | 21337
57
58 |Long-term Debt §2960 | $3794 | $38641 | F4vos | g§@s51 | FeE02 | §12FE | 45%
59 |Deferred Inc. Taxes & Cther F421 Fa2.5 $79.5 105 Fa4.5 Fa0.4 Fo5.5 0.9%
B0 |Redeemable Preferred Stock F0.32 0.2 0.3 F0.3 F0.2 F0.3 0.4 0.0%
E1 |Tatal Liskilties $22053  $21358 | $1,9131 | §27209 | §21824 | $2,2085 | §2,360.4
G2
63 |Shareholders' Equity
B4 | Common Stock Class & J0.2 0.2 0.2 F0.2 J0.2 F0.2 0.2 0.0%
B5 | Comtnon Stock Class B F2.7 F2.7 F2.7 J2E F2E J2E 326 0.0%
BE | Capital in Excezz of Stated [ 32106 J2625 F334.1 F369.0 F369.0 F369.0 F369.0 6%
B7 | Unearned Stock Compen. 0.0 F0.0 0.0 [F11.7 [F4.12 54 .41 (F4.51  00%
B& | Accum. Other Comp. Inc. i m |  dar| osesm] R3] FTam (384T (923 D8R
B9 | Retained Earnings $29737 | 33,0434 [§3,066.5 [F2857.0 | $32401 | $3E196  F40256 | 330%
70 |Totsl Shareholders' Equity | $3,155.9 | $3.2616 | §3,334.6 | $3,136.0 | $352567 | $3.9023 | $4,300.3
71
72 |Total Liak. & Share. Equity | $5,361.2 | $53974 §5247.7 | $555690  $57110 | $61108 | §5 5608
73
74 |Debt f(Debt + Equity) 21.2% 209% 19.5% 31.5% 20.7% 18.0% 17.1%
75 | Market Price / Share $57.500 | $46.000 [ $60.935 | $42.875 | $38.419  $48573 | $60.245
76 | External Funds Meeded FE2.0 [F61.8% FF185 [F503) (F15.4 Fa0y

2. Add and Delete Rows. Add rows using the Insert | Rows command and delete rows using the

Edit | Delete | Entire Row | OK command.

o Add two rows bdow Sedling, Gen & Adm Expenses and label them Other

Income/Expense, Net and Restructuring Charge, Net.

o Add three rows below Inventories and labdl them Deferred I1ncome Taxes, |ncome

Taxes Receivable, and Prepaid Expenses.

o Deéeeetherowsfor Property Plant & Equip. (PPE) and Accumulated Depreciation.



o Add one row below Net PPE and, on the two blank rows below Net PPE, label them
Intangible Asset & Goodwill and Deferred Inc. Taxes & Other.

o Move the Accounts Payable row by selecting the entire row, clicking on Edit | Cut,
then selecting the cell under Short-term Debt and clicking on Edit | Paste. Label the
row where Accounts Payble used to be as Current Portion of L.T. Debt. Relabel
Short-term Debt as Notes Payable.

o Add two rows below Accounts Payable and label them Accrued Liabilities, and
Income T axes Payable.

o Add four rows below Paid-in Capital and label them Common Stock Class B , Capital
in Excess of Stated Value, Unearned Stock Compen., and Accum. Other Comp. Inc.
Relabel Paid-in Capital as Common Stock Class A.

3. Update The Summary Lines.

EBIT: Enter =C15-SUM (C17:C20) in cell C21 and copy it across.

Total Current Assets. Enter =SUM (B36:B41) in cell B42 and copy it across.

Total Assets: Enter =B42+SUM (B44:B46) in cell B47 and copy it across.

Total Current Liabilities: Enter =SUM (B51:B55) in cell B56 and copy it across.
Long-term Debt: Enter =B61-B56-B59-B60 in cell B58 and copy it across.

Total Shareholders Equity: Enter =SUM (B64:B69) in cell B70 and copy it across.

O O O 0O o O

4. Enter Historical Data. Enter the historical financial statements for Nike, Inc. Enter three years
of historical Income Statements into the yellow input sections of the range C13:E24 (see Figure
14.1). Enter the shares outstanding into the range C26:E26. Enter dividends into the range
C30:E30. Enter four years of historical Balance Sheets into the yellow input sections of the range
B36:E69 (see Figure 14.2). Enter the observed market price / share into the range B75:E75. All
of the data shown in Figures 14.1 and 14.2 come from Nike's 10K financial statement, which is
available on the web. To obtain Nike's 10K financia statement, go to Yahoo! Finance at
guote.xahoo.com| enter Nike's symbol NKE in the input box, click on the Get Quotes button, in
the More Info part of the table click on Research, then click on Financials, then at the very
bottom of the page click on EDGAR Onling, then scroll down the list of financial statements,
click on 10K, and next to Online HTML Version click on the Click Here button. The 10K
statement that you get has a table of contents window on the left. Scroll down this window and
you will see the Income Statement, Balance Sheet, Cash Flow Statement, etc. Click on the item
that you want to look at.

5. Income Statement Percent of Sales. Given the rows that have been added to the Income
Statement, the Percent of Sales section needs to be updated. Add 2 rows to the Income Statement
Percent of Sales section someplace below row 79 using the the Insert | Rows command. To
carry the updated labels down, enter =A13 in cell A79. Then copy al of the formulas down by
selecting the range A79:179 and copy it to the range A80:197. Delete ranges that correspond to
blank sections of the Income Statement.

FIGURE 14.11 Historical and Forecasted | ncome Statement Percent of Salesfor Nike, I nc.


http://quote.yahoo.com/

& B | ¢ | o | E | F | & | H |
1 |CORPORATE FINANCIAL PLANNING Full-Scale, Real Data
2 |Nike, Inc. 1997 1995 1999 2000 200 2002 2003 | Ave. %
3 |Financial Plan Actusl Actual &ctusl &ctusl | Forecsst | Forecast | Forecast | of Sales
78 |Income Statement (% of Sales)
79 |Sales 1000%  1000% 1000%  1000%  1000%  100.0% 100.0%
80 |Cost of Goods Sold B1.6%  B0.3%  53.0%  B0.0% B0.0% B0.0% B0.0%
81 |Grozs Margin 39.4%  397%|  420% | 400% 40.0% 40.0% | 40.0%
g2
83 |Selling, Gen & Adm Expenses 2T5% 2TE% 290% 280% 28.0% 28.0% 28.0%
84 [Cther IncomeExpense, Met 0.2% 0.2% 0.3% 0.2% 0.2% 0.2% 0.2%
85 |Restructuring Charge, Met 1.4% 0.5% 0.0% 06% 0.6% 06% 0E%
86 | Depreciation 1.9% 23% 21% 21% 21% 21% 21%
87 |EBIT 75% 90% 10.7% 91% 9.1% 91%  91%
g
89 |Irterest Expenze 0.6% 0.5% 0.5% 1.0% 0.6% 05% 05%
a0 | Taxes 2% 34% 3.8% 31% 3.3% 33% 3.3%
81 |Met Income 42% 51% 6.4% 50% 5.2% 53%  53%
92 |Shares Qutstsnding (Milions) 3.0% 32% 3.0% 20% 27% 24% 0 31%
93 |Earnings Per Share 0.0% 0.0% 0.0% 0.0% 0.0% 00%  00%
24
85 | Allocation of Met Income: 0.0% 0.0% 0.0% 0.0% 0.0% 00% 00%
96 |Dividends 1.3% 1 6% 1.5% 1.2% 1.5% 16%  1.5%
97 |Change in Equity 29% 3E% 5.0% 37% 3.8% 37% 38%

6. Balance Sheet Percent of Sales. Given the rows that have been added and subtracted from the
Balance Sheet, the Percent of Sales section needs to be updated. Add 8 rows to the Balance Sheet
Percent of Sales section someplace below row 102 using the the Insert | Rows command. To
carry the updated labels down, copy the cell A97 to the range A100: A102. Then copy al of the
formulas down by selecting the range A102:1102 and copy it to the range A103:1138. Delete

ranges that correspond to blank sections of the Balance Sheet.

FIGURE 14.12 Historical and For ecasted Balance Sheet Percent of Salesfor Nike, Inc.



A B | ¢ | o [ E [ F | & [ H [ 1

CoRPORATE FINANCIAL PLANNING Full-Scale, Real Data

2 |Hike, Inc. 1997 1993 1999 2000 2001 2002 2003 | Ave. %
3 |Financial Plan Actual Actual Actual Actual | Forecast | Forecast | Forecast | of Sales
99 |Balance Sheet (% of Sales)
100 Assets
101 | Currert Assets
102 Cash & Equivalents 1.4% 2.3% 2.89% 21% 21% 21% 21%
103| Receivables 17 5% 17 5% 17 4% 17 5% 17.5% 17.5% ) 175%
104 | Inventories 14 6% 13.3% 16.1% 14 7% 14.7% 14.7% | 14.7%
105 Deferred Income Taxes 1.6% 1.4% 1.2% 1.4% 1.4% 1.4% 1.4%
106 | Income Taxes Receivakble 0.0% 0.2% 0.0% 0.1% 0.1% 0.1% 0.1%
107 | Prepaid Expenzes 21% 2.5% 2.4% 2.3% 2.3% 2.3% 2.3%
108 |Total Current Azsets 3IF0% IT2% 40.0% 38.1% 3% 38.1% | 381%
109
110 | Propetty, Plant & Ecjuip., Met 12.1% 14 4% 17 B% 14 7% 14 7% 14 T9% | 147%
111 [Intangible Azzet & Goodwill 4 B 4.9% 4 6% 4.7% 4.7% 4.7% 4. 7%
112 | Deferred Inc. Taxes & Other 2.9% 3.3% 3.0% 3.1% 3.1% 31% 3.1%
113 |Total Assets 26.5% 59.5% 6a.1% G0.5% B0.5% G0.5% | B0.5%
114
115 | Liabilities and Shareholderg® Equity
116 | Currert Lisbilties
117 | Current Portion of L.T. Dekt 0.0% 0.0% 0.6% 0.2% 0.2% 0.2% 0.2%
118| Motes Payakle 5.0% 4.8% 10.3% 5.7 E.7% B.7% 6.7%
119| Accounts Pavable B.1% 5.4% E.0% 5.9% 5.9% 5.9% 5.9%
120( Accrued Liahilties 6.4 G.3% 6.9% G.5% 6.5% 6.5% G.5%
121 Income Taxes Payakble 0.3% 0.0% 0.0% 0.1% 0.1% 0.1% 0.1%
122 |Total Current Lishilties 17 8% 16.5% 23.8% 19.4% 19.4% 19.4% | 19.4%
123
124 |Long-term Dekt 4.0% 4.4% 5.2% 2.8% 1.6% 1.2% 4.5%
125 | Deferred Inc. Taxes & Other 0.5% 0.9% 1.2% 0.9% 0.9% 0.9% 0.9%
126 | Redeemakle Preferred Stock 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
127 | Total Liakilties 22.4% M B% 30.29% 231% M 0% M9 248%
126
128 | Shareholders' Equity
130| Common Stock Class & 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
131 | Common Stock Class B 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
132| Capital in Excess of Stated 2% 3.8% 4.1% 3.9% 37% 3.3% 6%
133 Unearned Stock Compen. 0.0% 0.0% -01% 0.0% 0.0% 0.0% 0.0%
134 Accum. Cther Comp. Inc. -0.5% -0.89% -1.2% -0.8% -0.8% 08% -08%
135| Retained Earnings 31.9% 34 0% 321% 34.3% 35.8% 3659 33.0%
136 | Total Shareholders' Equity 341% 38.0% 34.9% 37 A% 38.6% 390% | 35T%
137
138 | Total Liak. & Share. Equity SE 5% S9.8% BS.1% EO0.5% B0.5% BO.5% | B0.5%

7. Update The Forecast. Start with the Assumptions section. The Sales Growth Rate (which is a

key driver of the entire model) is a subjective category. One possible forecast is continued
recovery from the recent downturn with growth of 5.0%, 7.0%, and 9.0%. The tax rate, which in
reality reflects a variety of credits, exemptions, and adjustments, is forecast based on the average
realized tax rate in recent years. Enter =AVERAGE(C6:E6) in cell 16 and enter the average
redized rate 38.4% as the forecast. Interest rates are forecast to rise dlightly over time. The
dividend payout rate is forecast to return to its previous level over time. The price/earnings ratios
is forecast to recover over time. All of the new lines added will be forecast using he "percent of
sales' method, so the "percent of sales' formulas from one row can be copied to the added rows.
Select the range F17:117 and copy it to theranges F18:119, F39:141, F45:146, F51:151, F54:155,
F59:160, and F67:168. Turning to the Shares Outstanding on row 26, Nike's 10K is a little
unclear what about what corporate policy is. One possible forecast is flat at the current level of



269.6 million shares. Choose values for the equity choice variables: Common Stock A, Common
Stock B, and Capital in Excess of Stated. Enter values in the range F64:166, which maintain a
"reasonable” debt / (debt + equity) proportion.

8. Cash Flow Statement. Theoretically, the cash flow statement is strictly determined by changes
in the balance sheet. As a practical matter, Nike's 10K cash flow statement has added a lot of
detail not directly observable from the balance sheet. Therefore, many rows must be added and
renamed in order to model the cash flow statement. Add rows using the Insert | Rows command.

(0]

Add a row below Net Income and label it Income Charges (Credits) Not Affecting
Cash.

Add three rows below Depreciation and label them Non-cash port. of restructuring
charge, Deferred Income Taxes, and Amortization and other.

Add four rows below Inventories. Then move the Increase in Accounts Receivable
row by selecting the entire row, clicking on Edit | Cut, then selecting the cell under
Inventories and clicking on Edit | Past. Labd the row where Increase in Accounts
Receivable used to be as Changesin Certain Working Capital Components. Label the
three blank rows below Increase in Accounts Receivable as Decrease (inc.) in Other
Current, Assets and Income Taxes Rec., and Increase (dec.) in Accounts Payable,.
Relabel Increase in Accounts Payable as Accrued Liab., & Income Taxes Pay.
Relabel Investment in Plant and Equipment as Additions to Prop, Plant, and &
Equipment. Then add three row below Additions to Prop, Plant, and & Equipment
and label them as Disposals of Prop., Plant, & Equipment, Increase in Other Assets,
and Increase (dec.) in Other Liabilities.

Relabel Increasein Long-term Debt as Additionsto L ong-term Debt. Then add a row
below Additionsto Long-term Debt and label it Reductionsin Long-term Debt.
Relabel Increase in Short-term Debt as Increase (dec.) in Notes Payable. Relabel
Increase in Paid in Capital as Proceeds from Exercise of Options. Then add a row
below Proceeds from Exer cise of Options and label it Repur chase of Stock.

Add arow above Change in Cash and Equivalents and label it Effect of Exch. Rate
Changes on Cash. Relabel Change in Cash and Equivalents and label it Net I ncrease
(Dec) in Cash and Equiv. Add arow below Net I ncrease (Dec) in Cash and Equiv.

FIGURE 14.13 Historical and Forecasted Cash Flow Statement for Nike, Inc.



& B | ¢ | o | E | F | & | H |

1 |CORPORATE FINANCIAL PLANNING Full-Scale, Real Data

2 |Hike, Inc. 1997 1993 1999 2000 2001 2002 2003 | Ave. %

3 |Financial Plan Actual Actual &ctual &ctual | Forecast | Forecast | Forecast of Sales
140| Cash Flow Statement (Mil.$)
141 | Cash Provided (Used) By Qperating Activities
142 Met Income F399.6 F451.4 F279.1 F470.5 F527.0 2801
143 Income Charges (Credits) Mol Affecting Cazh:
144 Deprecistion F1a45 F195.2 #188.0 mary P15 F2306 21%
145 Mon-cash port. of restructuring charge F58.5 F25.0 J0.0 J296 F31.7 F34.5 0.3%
146 | Deffered Income Taxes (11393 F37.9 365 1110 [F11.8) (29 -01%
147 | Amorization and other $49.0 $30.6 $356 396 F42.4 F46.2 0.4%
148 |Changes in Certain Working Japital Camponents:
149 [(Increase) decrease in Inventories (Fa5.01  F226.0 @ (52754 ks (9701 (F133.5)
120  (Increase) dec. in Accourtg Receiv, FFa.r F134.3 [F27.1] [(FE5E1 (P15 (F129.2)
151 | Decrease (inc.) in Cther Cyrrent
152  Assetz and Income Taxes Rec. | (#1261 %250 §6s6| 3278 $29.7 324 | 03%
153  Increasze (dec.)in Accourtg Pavable,
154 Accrued Liah., & Income Taxes Pay. | (37003 (704 $1573 ] (F29.2 [531.2) (F34.01  -0.3%
155 |Cazh Provided By Operations] FE17 .5 F961.0 57599 6994 $o86.5 Fo84 .1
156
157 | Cash Provided (Used) By Investing Activities
158 | Additions to Prop, Plant, & Byuipment [FS05.97) (F384.1%| (F9.90( rFdSs1E F4E310| (FS26.5) -48%
158| Dizposzalz of Prop., Plant, & Equipment FE68 Far 2 F253 F24.1 F258 F2g.2 0.3%
160 Increase in Other Aszsets (7.4 oFe0.3)|  FS1.3)|  (FESE [(F734) (FE0.0 | -07%
161 Increase (dec.))in Cther Lishilties (§15.5) 3.2 Fs 8 (F3.5] (539 (F4.21  00%
162 |Cash Used By Investing &ctiftiss CF293.0 (FE.3) (F440.00) (549900 (FS34.4) (§552.9)
163
164 (Cash Provided (Used) By kinancing Activities
165 Additions to Long-term Dekd ) 0.0 0.1 F335 $355 391 0.4%
166 | Reductions in Long-term Dedat, Incl. Cur (525 [F1.5] [F1.8) (2.0 F2.1 (F2.31  00%
167 | Incresse (dec.) in Notes Payable (F73.00  (FE1.0 RS0S54 0 (29210 F44 2 FE0.49
168 | Proceeds from Exercize of Dptions F322 F54 .4 F239 F385 F41.2 F44.9 0.4%
168| Repurchase of stock (520237 (F299.8%| (FE46.3)( rFp40041 (542540 (R4ET.DY -42%
170 Dividends -- common and preferred (F127.30 (F362) (R33N AT oM4ATE) (HT4l 5%
171 [Cazh Uzed By Financing Activities CF27 4 (44410 (523210 (57403 | (45691 (F495.5)
172
173 | Effect of Exch. Rate Changesd on Cash Fi21 rf10.91]  F11.6] [F4.07 54351 (F4.61  00%
174 |Met Incresse (Dec.)in Cash and Eguiv, | (53368 595 F536.2 | (F244.3) (F4091)0 (F201.6)
175
176 | Cazh and Equvalents, Beg of [vear F445 .4 1056 1951 2551 F2728 F297 .5 27%
177 | Cazh and Egquvalents, End of [Year 056 F195.1 F2243 | (%2893 (W361) (F204.1)

9. Update The Summary Linesof the Cash Flow Statement.

(0]

across.
0

across.
0

across.
(0]

it across.

10. Enter Historical Data of the Cash Flow Statement. Enter three years of historical Cash Flow

Statements into the yellow input sections of the range C144:E173 (see Figure 14.5).

Cash Provided By Operations. Enter =SUM(C142:C154) in cell C155 and copy it
Cash Used By Investing Activities: Enter =SUM (C158:C161) in cell C162 and copy it
Cash Used By Financing Activities: Enter =SUM (C165:C170) in cell C171 and copy it

Cash Provided By Operations. Enter =C155+C162+C171+C173 in cell C174 and copy



11. Cash Flow Statement Percent of Sales. Given the rows that have been added to the Income
Statement, the Percent of Sales section needs to be updated. Add 15 rows to the Cash Flow
Statement Percent of Sales section someplace below row 181 using the the Insert | Rows
command. To carry the updated labels down, copy A138 to the range A180:A181. Then copy all
of the formulas down by selecting the range A181:1181 and copy it to the range A182:1216.
Delete ranges that correspond to blank sections of the Cash Flow Statement.

FIGURE 14.14 Historical and Forecasted Cash Flow Statement Percent of Salesfor Nike, Inc.

A B | ¢ | o [ E [ F | & [ H [ 1 ]

1 |CORPORATE FINANCIAL PLANNING Full-Scale, Real Data

2 |Hike, Inc. 1997 1993 1999 2000 2001 2002 2003 | Ave. %

3 |Financial Plan Actual Actual &ctual &ctual | Forecast | Forecast | Forecast of Sales
174/ Cash Flow Statement {% of Sales)
180 | Cash Provided (Used) By Operating Activities
181 |Met Income 4.2% 21% 5.4% 5.0% 2.2% 2.3%  53%
182 | Income Charges (Credits) Mo Affecting Cash:
183 Depreciation 1.9% 2.3% 21% 21% 21% 21% 21%
184 | Mon-cash port. of restructuring charge 0E6% 0.3% 0.0% 0.3% 0.3% 0.3% 0.3%
185 | Deffered Income Taxes -1.2% 0.4% 0.4% -0.1% -0.1% 01% -01%
186  Armorization and other 0.5% 0.3% 0.4% 0.43% 0.4% 04% 04%
187 [Changes in Certain Working Japital Camponents:
188 [(Increase) decrease in Inventories -0.6% 26% -31% 0.6% -1.0% -1.2% -04%
189 [(Increase) dec. in Accourtg Receiv. 0.5% 1.5% -0.3% -0.9% -1.1% -1.4% 0.7%
190 Decrease (inc.) in Cther Cyrrent 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
191 Azzets and Income Taxes Rec. -0.1% 0.3% 0.7% 0.3% 0.3% 0.3% 0.3%
192 Increasze (dec.)in Accourtg Pavable, 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
183 Accrued Liab., & Income Taxes Pay. -0.7% -1.9% 1.7% -0.3% -0.3% -0.3% 0 -0.3%
194 | Cazh Provided By Operstions 54% 10.9% 0.4% 7A% 5.8% S3% 83%
195
196 | Cash Provided (Used) By Investing Activities
197 | Additions to Prop, Plant, & Byuipment -5.3% -4 4% -4 7% -4 5% -4.8% -48% -45%
1958 | Disposals of Prop., Plant, & Equipment 0.2% 0.3% 0.3% 0.3% 0.3% 0.3% 0.3%
199 Increase in Other Aszets -0.9% -0.7% -0.6% -0.7% -0.7% 0.7% -07%
2000 Increase (dec.) in Other Lispilities -0.2% 0.0% 0.1% 0.0% 0.0% 0.0% 0.0%
201 | Cazh Used By Investing Actisfities -6.2% -4 7% -4 8% -5.53% -5.3% -5.3% -853%
202
203 [Cash Provided (Used) By Financing Activities
204 Additions to Long-term Deld 1.1% 0.0% 0.0% 0.4% 0.4% 049  04%
205 Reductions in Long-term Degat, Incl. Cur 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
206 | Increase (dec.) in Motes Payable -0.5% -0.7% 5.6% -3.1% 0.4% 0.6% 1.4%
207 | Proceeds from Exercize of Dptions 0.3% 0.6% 0.3% 0.4% 0.4% 0.4% 0.4%
208 Repurchase of stock -21% -3.4% 2% -4 2% -4, 2% -4.2% -4.2%
208 Dividends -- comman and preferred -1.3% -1 6% -1.58% -1.2% -1.58% -1 6% -1.5%
20| Cazh Used By Financing Activities -2 8% -51% -2.8% -7.8% -4 5% -45% -3E%
211
212 |Effect of Exch. Rate Changes on Cash 0.1% -0.1% -0.1% 0.0% 0.0% Q0%  0.0%
213 |Met Increase (Dec.) in Cash and Equiv. -35% 1.0% 0.6% -5.8% -4.0% -4 6% -06%
24
215 | Cazh and Equvalents, Beg of [Year 4.7% 1.2% 2.2% 2.7% 2.7% 2.7% 2.7%
216 | Cazh and Equvalents, End of [vear 1.1% 2.3% 2.8% -31% -1.3% -1.8% 21%

12. Update The Cash Flow Forecast. All of the new lines added to the Cash Flow Statement will be
forecast using he "percent of sales" method, so the "percent of sales’ formulas from one row can
be copied to the added rows. Select the range F144:1144 and copy it to the ranges F145:1147,
F152:1152, F154:1154, F158:1161, F165:1166, F168:1169, and F173:1173.



13. Financial Ratios. Most of the financial ratios carry over without adjustment. The only change
that is needed is the Debt percentage where an addition category of debt, Current Portion of L.T.
Debt, was added. Enter =(C51+C52+C58)/C47 in cell C230 and copy it across.

FIGURE 14.15 Historical and Forecasted Financial Ratiosfor Nike, Inc.

2, B | ¢ | o [ E | F | & | H |
1 |CoORPORATE FINANCIAL PLANNING Full-Scale, Real Data
2 |Nike, Inc. 1997 1995 1999 2000 2001 2002 2003 | Ave. %
3 |Financial Plan Arctual Actual Actual &ctusl | Forecast | Forecast | Forecast | of Sales
217
218 |Financial Ratios
219 | Profitability
220 | Return On Sales (ROS) 7 a% 9.0% 10.7% 9.1% 9.1% 91%
22 |Return On Assets (ROA) 13.3% 14 8% 17 4% 14 8% 15.5% 15 6%
222 | Return On Equity (ROE) 12 5% 13.7% 17.9% 14 1% 14 2% 14 1%
223
224 | Asset Turnover
225 |Receivables Turnover SE 55 S8 549 SA 6.0
226 | Inventory Turnover 4.3 4.1 4.0 4.0 42 43
227 | Azzet Turnover 1.5 16 16 16 1.7 1.7
220
229 |Financial L everage
230 Dkt 16 0% 15 4% 24 T 16.1% 14.0% 13.3%
231 |Times Interest Earned 114 174 214 9.3 152 177
202
233 |Liquidity
234 | Current 207.3%  225E6% TE31%  196.4% 196.4% 196 4%
235 | Quick 104 6% 1201% g51%  101.0% 107.0% 101 0%
236
237 |Market Value
238 | Price to Earnings 330 a1 200 22.00 25.00 28.00
239 |Market to Book 404 5% 5159% 368.6%  2935% 337 6% ST

The percentage of sales method does a good job for most purposes. Additional refinements would
increase accuracy of the forecast. For example, some items may be better projected as a trend, rather than
an average. Other items, such as the Restructuring Charge, may be one time events. The bottom line of
this forecast isagradual recovery in Earnings Per Share from $1.75 to $1.95 to $2.15.

Problems

Skill-Building Problems.

1. Given higtorical financia statements for Global Impact P2P in the Excd file xtsjor
shown below, forecast their financial statements for the next three years. Expl ormys
needs for additiona financing as expressed by the following choice variables: debt and equity
(paid-in capital under shareholder's equity).

2. Given historical and forecasted Income Statements and Balance Sheets for Global Impact P2P,
create the historical and forecasted Cash Flow Statement.

3. Given historical and forecasted financial statements for Global Impact P2P, create the historical
and forecasted financial ratios.



Skill-Extending Problems.

4. Select acompany with publically traded stock. Locate the historical 10K financial statements for
that company over the past few years. This data is available from Yahoo! Finance and EDGAR
On-line and can be obtained by following the procedure described in Step 4 of Corporate
Financial Planning - Basics. Forecast your company's financial statements over the next three
years.

Liveln-class Problems.

5. Given the partial Actua spreadsheet FplanacZ.xls, do step 3 The Income Statement and
Earnings Per Share.

6. Giventhe partial Forecast spreadsheet FplanfoZ.xls, do step 4 The Income Statement.
7. Giventhe partia Cash Flow spreadsheet FplancaZ .xls, do step 5 Cash and Equivalents.
8. Giventhe partial Ratios spreadsheet FplanraZ .xls, do step 2 Profitability.

9. Giventhe partial Sensitivity spreadsheet FplanseZ.xls, do step 2 Data Table.

10. Given the partia Full-scale Real Data spreadsheet FplanfuZ.xls, do Key Assumptions part of
step 7 Update the Forecast.

FIGURE 14.16 Historical Assumptions and Income Statement for Global Impact P2P



& B | ¢ [ o | E | F
1 |CORPORATE FINANCIAL PLANNING  Problems
2 |Global Impact P2P 1997 1995 1999 2000
3 |Financial Plan Actual | Actual | Actual | Actual
4 |Key Assumptions
5 |Sales Growth Rate 21.4% 19.3%
£ |Tax Rate 358%  38.2% 36.0%
¢ |Int Rate an Short-Term Delbt 5.3% 5.4% 5.5%
g |Int Rate on Long-Term Dekt 74% 7.5% 7 E%
9 | Dividend Payout Rate 259%  260% 24 4%
10 [Price ! Earnings 54 g7 9.3
11
12 |Income Statement (Mil.$)
13 |Sales $194.29 | §235.84 | §281.38
14 |Cost of Goods Sold $11225 |$135.97 [ 317157
15 |Grozs Margin F52.04 | F9G6.57  F109.51
16
17 | =eling, Gen & Adm Expensed F1554 | $F1ESY | 1994
18 | Depreciation 1238 | §14.55 | ¥SS7
19 |EBIT $36.11 | $65.42  FT1.50
20
21 |Interest Expenze F1569 | F23858 | F2455
22 |Taxes $15.658 | $15587 | F1692
23 |Met Income $24.74 | $2567  $30.03
24 |Shares Cutstanding (Millions)) 210 215 244
25 |Earningz Per Share F11.75( §11.94 F12.31
26
27 |Allocstion of Met Income:
28 |Dividends [ $6:1 | %687 [ $7.33 |
29 |Change in Equity B33 880 F22T0

FIGURE 14.17 Historical Balance Sheet for Global Impact P2P



A B [ ¢ | b [ E | F |
1 |CORPORATE FINANCIAL PLANNING  Problems

2 |Global Impact P2P 1997 1993 1999 2000
3 |Financial Plan Actual | Actual | Actual | Actual
31 |Balance Sheet (Mil.$)

32 |Assets

33 [Current Aszets

34 | Cash & Equivalents F556 | $1397 [ }1534 [ $1775
35 | Receivables F41 63 | §4952 | $57.37 | FEE.9
36 | Inventories F2211 | 60594 | $7349 [ F56.52
37 |Tatal Current Azsets F102.30  F24.43 |$14620 F7295
35

39 |Property, Plant & Equip. (PPE)| $663.29 | §846.39 | $910.34 | §958.51
40 | Accumulsted Deprecistion | $159.20 | §201.59 | 21647 | §234 .54

41 [Net PPE §47409 §644.80 $69417  §723.77
42
43 |Total Assets §576.39 $769.23 $84037  §896.75
44

45 |Liabilities and Shareholders® Equity
46 | Current Lishilties

47 | Accounts Payable F52.46 | §90.45 | 13432 | $174.57
48 | Short-term Debt §202.12 |$307.57 [$304.95 | §312.35
49 | Total Current Liabilities §264 .55 | $395.35 | $439.258  §467 42
&0

51 |Long-term Debt $40.00 35574 $62415 F17.69
52 | Total Lishilties $304.55 | $454.09 | $501.43 | $505.11
53

54 | Shareholders' Equity

55 | Paid-in Capital $150.00 | $205.00 [$210.00 | $240.00 |
56 | Retained Earnings Fa1.81  F11014  F12594 135164
57 |Total Shareholders' Equity | $271.81 | §31514 33594 | §$391 54
55

59 |Totsl Liak. & Share. Equity | $576.39 | $769.23  $34037 | $395.75
B0

E1 |Dekt £ (Debt + Equity) 4TA%  S536%| S20% 458%
B2 | Market Price / Share $94.58 | $9912 [$103.47 [ $114.95 |
B3 | External Funds Meeded $14649 | 3850 | (3657)

15 Du Pont System Of Ratio Analysis
15.1 Basics

Problem. A company's Net Profit is $170, Pretax Profit is $260, EBIT is $470, Sales is $4,590, Assetsis
$4,190, and Equity is $4,340. Calculate the company's ROE and decompose the ROE into its components
using the Du Pont System.

FIGURE 15.1 Spreadsheet Model of Du Pont System of Ratio Analysis- Basics.
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Du PoNT SysTEM oF RaTIO ANALYSIS

Inputs
Met Profit 170
Pretax Profit 5260
EBIT F470
Sales 4,540
Aszets $4,1490
Equity $4,340
Outputs
ROE = Net Prafit/ Equity
Components of ROE:
Met Profit f Pretax Profit B5.4%
Pretax Profit/ EBIT 85.3%
EBIT i Sales 10.2%
Sales fAszsets 109.5%
Aszsets f Eguity 495.5%

Basics

How To Build This Spreadsheet M odel.

1

2.

Enter The Inputs. Enter the inputsinto the range B4:B9.

ROE = Net Profit / Equity. Return on Equity is defined as Net Profit / Equity. Enter =B4/B9in
the cell B12.

Components of ROE. The essence of the Du Pont System is decomposing Return On Equity into
five components:

Net Profit / Pretax Profit. Enter =B4/B5 in the cell B14.
Rest of the Components. Copy the cell B14 to the range B15:B18.

The ROE = 3.9%. The decomposition helps us see where this comes from. Here is an intuitive
interpretation of the components:

Net Profit / Pretax = 65.4% is a tax-burden ratio.

Pretax Profits/ EBIT = 55.3% is an interest-burden ratio.
EBIT / Sales = 10.2% is the profit margin.

Saes/ Assets = 109.5% is the asset turnover.

Asset / Equity = 96.5% is the leverage ratio.

Problems

Skill-Building Problems.

1. A company's Net Profit is $82, Pretax Profit is $153, EBIT is $583, Sales is $3,740, Assets is

$5,460, and Equity is $7,230. Calculate the company's ROE and decompose the ROE into its
components using the Du Pont System.



2. A company's Net Profit is $265, Pretax Profit is $832, EBIT is $1,045, Salesis $5,680, Assets is
$7,620, and Equity is $9,730. Calculate the company's ROE and decompose the ROE into its
components using the Du Pont System.

Live In-class Problems.

3. Given the partial Basics spreadsheet DupontbZ .xlIs, do steps 2 ROE = Net Profit / Equity and 3
Components of ROE.

16 Life-Cycle Financial Planning
16.1 Basics

Problem. Develop afinancia plan for investment and consumption over your life-cycle (from the present
until your death). Suppose the inflation rate is 2.0% and the real return on ariskfree money market fund is
3.5%. Suppose that arisky diversified fund offers an average real return of 8.0% and a standard deviation
of 17.0%, which is equivalent to the post-World War |l average real return and standard deviation on a
well-diversified portfolio of US stocks. Suppose that federal income taxes have five brackets with the
following rates: 15.0%, 28.0%, 31.0%, 36.0%, and 39.6%. For current year, the upper cutoff on the first
four brackets are $43,050, $104,050, $158,550, and $283,150 and these cutoffs are indexed to inflation.
The dtate tax rate = 3.0%, federal FICA-SSI tax rate on salary up to $72,600 is 6.2%, and the federa
FICA-Medicare tax rate on any level of salary is 1.45%. Suppose you are currently 25 years old and you
expect to earn a salary next year of $70,000. Y ou currently have $0 in a retirement account and plan to
work through age 65. Y ou will start receiving social security benefits at age 66. The current level of social
security benefits is $15, 480 per year and this is indexed to inflation. Explore the investment and
consumption impacts over the life-cycle of the following choice variables:

. Savings Percentage. The percentage of your annua salary that you contribute to your
retirement fund during your working years.

. Risky Diversified Fund Percentage: The percentage of your retirement fund that you put in
the risky diversified fund (vs. the riskfree money market fund).

. Withdrawal Percentage. The percentage of your retirement fund that you withdraw each year

to live on during your retirement years.
. Real Growth Ratein Salary. The real portion of the annual growth in your salary. Y ou saary
also increases with inflation.

FIGURE 16.1 Spreadsheet Model for Life-Cycle Financial Planning - Basics.



o, B | ¢ | D | E | F | I |
1 | LIFE-CYcLE FINANCIAL BLANNING Basics
g Inputs s I;Iﬂn:al Consumption Over The Life-Cycle
4 |Inflstion Rate 20% '
5 |Real Ret on Rizkfree Money Market Fund 3.5% $175,000
6 |Ave Real Ret on Risky Diversified Fund &.0% k150,000
7 |Std Dev of Rizky Diversified Fund 0.0001 % B 4125000
d_|Federal Income Bracket 1 Tax Rate 13.0% a '
9 |Federal Income Bracket 2 Tax Rate 268.0% £$1DD.DDU
10 |Federal Income Bracket 3 Tax Rate 3 0% E $75.000 ol
11 |Federal Income Bracket 4 Tax Rate 3E0%| | & L
12 |Federal Income Bracket 5 Tax Rate 39 6% 50,000 W“"M
13 |Federal FICA-Z5] Tax Rate on Salary 6.2% $25,000
14 |Federal FICA-Medicare Tax on Salary 1.45% 40
12 State Income Tax Rate 3.0% a5 45 Age 5 25
17 |Date n 1 2 3 4 5
18 |Age 25 26 27 2a 29 30
19 [Choice Variables
20 | Savings Percentage g8.1% g.1% G.1% 5.1% 5.1%
21 |Rizky Diversified Fund Percertage 100.0%: 100.0% 100.0% 100.0% 100.0%
22 [Withdrawwal Percentage 0.0% 0.0% 0.0% 0.0% 0.0%
23 |Real Growth Rate in Salary 2.0% 2.0% 2.0% 2.0%
24
25 |Random VYariables
26 |Real Return on Risky Diversified Fund 2.00% 5.00% 5.00%: 5.00%: S.00%:
27 |Real Return on Your Retirement Fund 5.00% 8.00% 5.00% 5.00% 5.00%
28
29 | Outputs
30 |Salary $72828  §75770  §78.831  §E2,01B
M |Lessz Cortribution To Retirement Fund F5 670 $5,899 6137 §6 385 §6 643
32 [Plus Withdraweal From Retirement Fund F0 F0 0 30 30
33 | Taxable Income F64 330 §66929 $69 633 72 445 §75,373
34 |Less Taxes F19239 F20497 21 444 F22 416 F23 346
35 |After-Tax Income Fd4 74 F45 432 45,189 $50,030 Fo2,027
36 |Plus Social Security Benefits F0 F0 F0 F0 0
37 | Conzumption Fd4 74 46 432 $45 189 50,030 Fa2 027
35
39 |Retirement Fund F0 F2 670 F12145 F19 516 27 885 37,361
40 |Real Consumption in Current Dollars f43864] $49629]  sesmo] g6 z20]  ga7 23]
41 |Difference in Real Conzump (Post-Pre) 340
42 | Social Security Benefit Level 1 5,48III| F15,790 F6 105 F6 427 16,756
43 |Federal Income Tax Bracket 1 Cutoff F453050) F43 911 F44 739 §45 B35 546,599 5475
44 |Federal Income Tax Bracket 2 Cutoff $104,050| $1061351 $108234 | $110419] $1M12627|  $114,850
45 |Federal Income Tax Bracket 3 Cutoff $158,350| 161,721 $164,335| $163235 $171,620) F173,052
46 |Federal Income Tax Bracket 4 Cutoff F283,100| F283,813  $294,559|  $300431 Fa06,49: Fa12,620
47 |Federal FICA-SS] Wage Cap F7/2E00| Fr4052)  FTS5 533 F77 044 78 585 Fa0 156

Solution Strategy. Develop a spreadsheet model of investment and consumption on a year-by-year basis
over an entire lifetime. You need to choose how to divide your salary between providing consumption
now vs. savings (to provide for consumption in the future). Your savings are put in a tax-deferred
retirement account and each year you need to decide what percentage to contribute to it (or withdraw
from it). You avoid paying taxes on contributions to the retirement fund, but you suffer paying taxes
when you withdraw from it. Salary less contributions plus withdraws gives you taxable income upon
which you pay taxes. The after-tax income plus social security benefits provide for consumption each
year. Y ou need to choose what percentage of your retirement funds to invest in the risky diversified fund.
The rest of your retirement funds will be invested in the riskfree money market fund and will grow at the



riskfreerate. Investing in the risky diversified fund will give you a higher average returns than the riskfree
money market fund, but also more risk. You also need to choose how fast to withdraw funds from your
retirement account during your retirement years. A steady state withdraw policy is one that withdraws the
average real increase in the retirement fund each year. This avoids touching the principal amount and
allowsit to grow at the rate of inflation. A steady state withdraw policy can be sustained indefinitely (i.e.,
no matter how long you live). For convenience, the spreadsheet analysis is carried out to age 90. How
long will you live? Well, for today's US population of 65 year olds, average life expectancy is 82. To
determine your individual life expectancy, add to (or subtract from) 82 based your individual health-
conscious practices. Not smoking adds nine years. Aerobic exercising and getting seven to eight hours of
sleep per night adds three years. A healthy diet and maintaining a desirable weight based on your height
adds three years. A thorough annual medical exam to catch cancer and other health problems early adds
two years. The following six items add one year each: (1) daily aspirin to reduce fatal heart attacks, (2)
preventing high blood pressure, (3) avoiding accidents, (4) getting immunized against pneumonia and
influenza, (5) avoiding suicide and AIDS, and (6) avoiding heavy acohol consumption. For the subset of
today's US 65 year olds who follow al of these health-conscious practices, life expectancy is 105! These
life expectancy figures are conservative in the sense that they do not take into account future
scientific/medical progress. For more information on the factors effecting longevity and the long-run
impact of scientific and medical progress, read "Hello Methuselah! Living to 100 and Beyond" by George
Webster, Ph.D.

How To Build This Spreadsheet M odel.

1. Inputs. Enter the inputs described in the problem into the range B4:B15, the cells B18, C30,
B39, C42, and the range B43:B47. For the time being, enter 0.0001% in cell B7 as the standard
deviation rather than 17%. Lock in the left column of titles by selecting the cell B1 and clicking
on Window | Freeze Panes.

2. Dateand Age. For the Date row, enter 0, 1, 2,..., 65 in the range B17:BO17. The easy way to do
thisis enter 0 in cell B17, 1 in cell C17, highlight the range B17:C17, put the cursor over the
lower right corner of cell C17 until it becomes a “plus’ icon, and drag the cursor all the way
across to cell BO17. For the Age row, enter =B18+1 in cell C18 and copy the cell to the range
D18:BO18.

3. Choice Variables. Each year, starting with age 26 (column C) and continuing through age 90
(column BO), you need to make certain decisions. Each decision is called a choice variable. Enter
initial values for the choice variables into the ranges C20:B0O22 and D23:BO23. Figure 2 below
shows the two steps involved in implementing retirement. (1) Enter -100.0% in cell AQ23, which
is the age 66 (first retirement year) Real Growth Rate in Salary. This causes the age 66 Salary in
cell AQ30 to drop to zero. (2) Given that you have no salary, you need to withdraw a percentage
of the money in your retirement fund to live on. A Steady State Withdrawal Percentage =
Average Real Return on the Retirement Fund * (1 + Inflation Rate) = (Risky Diversified Fund
Percentage * Average Real Return on the Risk Diversified Fund + (1 - Risky Diversified Fund
Percentage) * Real Return on the Riskfree Money Market Fund) * (1 + Inflation Rate). Enter
=(AQ21*$B$6+(1-AQ21)* $B$5)* (1+$B$4) in cell AQ22 and copy it across. By the way, the
last term "(1 + Inflation Rate)" takes care of the cross-product between (1 + real return) and (1 +
inflation rate), so that the retirement fund can grow at the inflation rate.

FIGURE 16.2 Working Yearsvs. Retirement Years.



fit A0 AP A AR AL
17 |Date 39 40 4 42 43
18 |Age B4 BS BEG EY &S]
18 [Choice Variables
20 | Savings Percentage g.1% g.1% 0.0% 0.0% 0.0%
21 |Risky Diversified Fund Percentage 100.0% 100.0% S0.0% S0.0% S0.0%
22 Withidrsveal Percertage 0.0% 0.0% 5.9% 5.9% 5.9%
23 |Real Growth Rate in Salary 2.0% 2.0% -100.0% 0% Q0%
24
25 |Random Wariables
26 |Real Return on Rizky Diversified Fund 8.00% 2.00% 2.00% 2.00% .00%
27 |Real Return on Your Retirement Fund 5.00% 5.00% 5.75% 5.75% 5.79%
26
29 (Outputs
30 | Salary F315,20 328,028 50 0 0
31 |Less Contribution Ta Retivement Fund F25 539 F26 570 0 0 0
32 |Plus wWithdrawal From Retirement Fund F0 F0 F234 156 F238 840 F243 616
33 | Taxable Income 289,752 301 458 $234 156 F238 840 F243 16
34 |Less Taxes F93 959 Fa7 9441 F50 084 61 184 FE62 407
35 |After-Tax Income 195,795 F2035 517 Fraa72 F177 Ga6 81,208
36 |Plus Social Security Benefits 0 0 F34150 34 564 F35 561
37 | Consumption $195 793 F203 517 208 353 F212 520 F26,770
38
39 |Retirement Fund F3E00092 $3992431  F4072285 4153723 54 236510
40 |Real Consumption in Current Dollars £90,445] §92.171] §92 511] $92 511 $92 511
41 |Ditference in Real Conzump (Post-Pre)
42 | Social Securty Benefit Level F32853 F33 510 F34 180 F34 864 Fa5 561
43 |Federal Income Tax Bracket 1 Cutoff Fa35192 95 056 a6 957 95,596 F100,874
44 |Federal Income Tax Bracket 2 Cutoff F22n 242 F22a. 747 F234 341 F239,028 F245,809
45 |Federal Income Tax Bracket 3 Cutoff $343 220 350,085 357 DEE F264 228 F371 513
45 |Federal Income Tax Bracket 4 Cutoff 512947 FE25 206 FE37 11 FES0, 465 FEEZ 474
47 |Federal FICA-SZ] Wage Cap 57160 160,504 F63510 166,780 FI70116

As you adapt this model to your own situation, it is not necessary to go from full-time work to
zero work. You could consider retiring to part-time work and then gradually tapering off. For
example, you could drop to half-time work by entering -50% in your first retirement year and
then enter -100.0% in the year that you stop working entirely.

4. Random Variables. Assume that the Real Return on the Risky Diversified Fund is hormally
distributed with the mean given in cell B6 and the standard deviation given in cell B7. The Excel
function RAND() generates a random variable with a uniform distribution over the interval from
0 to 1 (that is, an equal chance of getting any number between O and 1). To transform this
uniformly distributed random variable into a normally distributed one, just place it inside the
Excel function NORMINV.*Enter =NORMINV(RAND(),$B%$6,$B%$7) in cell C26 and copy it
across. The redl return that you get depends on how much you have placed in risky vs. riskfree
funds. Real Return on Your Retirement Fund = (Risky Diversified Fund Percentage) * (Red

! The "Transformation Method" for converting a uniform random variable x into some other random variable y based on a

cumulative distribution F is Y(X) = F (X) . See Press, W., B. Flannery, S. Teukolsky, and W. Vetterling, 1987, Numerical

Recopies: The Art of Scientific Computing, Cambridge University Press, chapter on Random Numbers, subsection on the
Transformation Method, page 201.



Return on Risky Diversified Fund) + (1 - Risky Diversified Fund Percentage) * (Real Return on
Riskfree Money Market Fund). Enter =C21* C26+(1-C21)*$B$5in cell C27 and copy it across.

FIGURE 16.3 Old Age Years.

o, Bl BL B B B
17 |Date £ B2 B3 B4 B5
18 |Age a6 ar a5 &9 a0
18 [Choice Variables
20 | Savings Percentage 0.0% 0.0% 0.0% 0.0% 0.0%
21 |Risky Diversified Fund Percentage 50.0% 50.0% 50.0% S0.0% S0.0%
22 Withdravval Percertage 5.9% 5.9% 5.9% 5.9% 5.9%
23 |Real Growth Rate in Salary 0.0% 0.0% 0.0% 0.0 0%
24
25 |Random Wariables
26 |Real Return on Rizky Diverzified Fund S.00% S.00% 2.00% S.00% &.00%
27 |Real Return on Your Retirement Fund 5.75% 5.75% 5.75% 5.759% 5.79%
25
29 (Outputs
30 | Salary F0 F0 F0 ¥o F0
31 [Less Cortribution Ta Retirement Fundd F0 F0 F0 0 0
32 |Pluz Withdraswal From Retirement Fund F347 944 F354 905 F562 001 Fa69,241 376 625
33 |Taxable Income F347 244 $354 203 362,001 269 241 F3TE E25
34 |Less Taxes $89.133 Fo0 916 FO2 734 F04 589 FOE 430
35 |After-Tax Income 258 811 263957 269 267 F274 652 F280,145
36 |Pluz Social Security Benefits 50,790 51 506 Fo2 542 $53,599 o4 977
37 | Consumption F309 601 F315,793 F322109 328 551 Fa3a5 122
38
39 |Retirement Fund FE051201 F6172222 $5295662 F6421 572 F6 550,000
40 |Real Consumption in Current Dollars £92,511 | £92,511 | £92 511 £92 511 $92.511 ]
41 |Difference in Real Conzump (Post-Pre)
42 | Social Security Benefit Level 50,790 51 805 F52 542 53,899 54 077
43 |Federal Income Tax Bracket 1 Cutoff 144073 146 955 149,594 F152,892 F155,850
44 |Federal Income Tax Bracket 2 Cutoff F345 219 355,185 Fa62 287 F369,533 376,924
45 |Federal Income Tax Bracket 3 Cutoff Foa0E12 Fod1 224 o582 045 F563,089 Fa74 351
46 |Federal Income Tax Bracket 4 Cutoff 947 B04 F9OEE 556 §oB5 888 §1,005605) §1,025717
47 |Federal FICA-SS] Wage Cap 242 967 F247 826 F252.753 F257 08 F262 995

5. Outputs. Here are the formulas for each row:

o Salary=Last Year’'sSdary * (1 + Inflation Rate) * (1 + Real Growth Rate in Salary) in
workingyears  Enter =C30*(1+$B$4)* (1+D23) in cell D30 and copy it across.
o Less Contribution To Retirement Fund = (Savings Percentage) * (Saary). Enter
=C20*C30 incell C31 and copy it across.
o PlusWithdrawal From Retirement Fund = (Withdrawal Percentage) * (Last Period’s
Retirement Fund). Enter =C22*B39 in cell C32 and copy it across.
o Taxable Income = Sdary - (Contribution To Retirement Fund) + (Withdrawa From
Retirement Fund).
Enter =C30-C31+C32 incell C33 and copy it across.
o Taxes= (Bracket 1 Tax Rate) * MIN(Taxable Income, Bracket 1 Cutoff)
+ (Bracket 2 Tax Rate) * MAX(MIN(Taxable Income, Bracket 2 Cutoff)
- Bracket 1 Cutoff, 0)
+ (Bracket 3 Tax Rate) * MAX(MIN(Taxable Income, Bracket 3 Cutoff)
- Bracket 2 Cutoff, 0)
+ (Bracket 4 Tax Rate) * MAX(MIN(Taxable Income, Bracket 4 Cutoff)
- Bracket 3 Cutoff, 0)



+ (Bracket 5 Tax Rate) * MAX(Taxable Income - Bracket 4 Cutoff, 0)
+ (Federal FICA-SSI Tax Rate) * MIN(Salary, Federal FICA-SSI Wage Cap)
+ (Federal FICA-Medicare Tax Rate) * Salary
+ (State Income Tax Rate) * Taxable Income
Enter =$B$8*MIN(C33,C43)
+$B$9*M AX(MIN(C33,C44)-C43,0)
+$B$10*M AX(MIN(C33,C45)-C44,0)
+$B$11*M AX(MIN(C33,C46)-C45,0)
+$B$12*M AX(C33-C46,0)
+$B$13*MIN(C30,C47)
+$B$14*C30
+$B$15*C33in cell C34 and copy it across.
o After-Tax Income = Taxable Income - Taxes. Enter =C33-C34 in cell C35 and copy it
across.

o Plus Social Security Benefits =0 in working years
= Socia Security Benefit Level in retirement year
o Enter Oincell C36 and copy the cell to the range D36: AP36. Enter =AQ42 in cell AQ36
and copy it across.

o Consumption = After-Tax Income + Social Security Benefits. Enter =C35+C36 in cell
C37 and copy it across.

o Retirement Fund = Last Year's Retirement Fund * (1 + Inflation Rate) * (1 + Red
Return on Your Retirement Fund) + Contribution to the Retirement Fund - Withdrawal
from the Retirement Fund. Enter =B39* (1+$B$4)* (1+C27)+C31-C32in cell C39 and
copy it across.

o Real Consumption = (Nominal Consumption) / ((1 + Inflation Rate) ~ Number of
periods)
Enter =C37/((1+$B$4)"C17) in cell C40 and copy it across.

o Difference in Real Consumption (Post-Pre) = Real Consumption in Post-Retirement -
Real Consumption in Pre-Retirement. Enter =AQ40-AP40 in cell B41.

o Social Security Benefit Level = Last Year's Social Security Benefit Level * (1 +
Inflation Rate).
Enter =C42*(1+$B%$4) in cell D42 and copy it across. To check your socia security
eligibility and benefit level, surf the Social Security Administration's web site
http://www.ssa.gov/OACT/ANYPIA/]

o Federal Income Tax Bracket Cutoffs. = Last Year's Federal Income Tax Bracket Cutoff
* (1 + Inflation Rate). Enter =B43* (1+$B%$4) in cell C43 and copy the cell to the range
C43:B0O46.

o Federal FICA-SSI Wage Cap. = Last Year's Federd FICA-SSI Wage Cap * (1 +
Inflation Rate).
Enter =B47*(1+$B%$4) in cell C47 and copy it across.

6. Graph Real Consumption Over The Life-Cycle. Highlight the range B18:BO18, then hold
down the Control button and (while still holding it down) select the range B40:BO40. Next


http://www.ssa.gov/OACT/ANYPIA/

choose Insert | Chart from the main menu. Select an XY (Scatter) chart type and make other
selections to compl ete the Chart Wizard. Place the graph in the range C2: G16.

7. Adjust Savings Percentage To Smooth Real Consumption Over The Life-Cycle. It doesn't
make any sense to live like a king in your working years and the live in poverty in your
retirement years. Similarly, it doesn't make sense to live in poverty in your working years and live
like aking in your retirement years. The key ideais that you want to have a smooth pattern of real
consumption over the life-cycle. The easiest way to get a smooth consumption pattern is to adjust
the savings percentage. The easiest way to do thisisto have a constant savings percentage during
your working years by tying this savings percentage to a single cell and then manually adjust this
cell. Enter =C20 in cell D20 and copy it across. Then manualy adjust cell C20 up or down in
small increments until the Difference in Real Consumption (Post-Pre) in cell B41 is reasonably
closeto zero.

Looking at the big picture, the retirement fund starts at $0 and rises smoothly to $4,072,321 in the
first retirement year and then increases at the rate of inflation each year after that. Focusing on the
graph of real consumption over the life-cycle, we see that real consumption (in current dollars)
starts out at $43,864 and rises smoothly to $92,511 at retirement and then stays constant at that
level throughout retirement -- a comfortable lifestyle!

8. Adjust The Standard Deviation and View The Risk Involved. Now change the standard
deviation to aredlistic figure. Enter 17.0000% in cell B7. The random variables in rows 26 and
27 will spring to life and the graph of real consumption over the life-cycle will reflect the high or
low redizations of the risky diversified fund. Press the F9 Recalculation key several times and
you will see the real consumption rate dance all over the graph. Figure 4 shows a low
consumption case due to low rea returns. Figure 5 shows a medium consumption case due to
medium real returns Figur e 6 shows a high consumption case due to high real returns.

FIGURE 16.4 A Low Consumption Case Due To Low Real Returnsin the Risky Diversified Fund.



o, B | ¢ | D | E | F | I |
1 | LIFE-CYcLE FINANCIAL BLANNING Basics
g Inputs s I;Iﬂn:al Consumption Over The Life-Cycle
4 |Inflstion Rate 20% '
5 |Real Ret on Rizkfree Money Market Fund 3.5% $175,000
6 |Ave Real Ret on Risky Diversified Fund &.0% k150,000
7 |Std Dev of Rizky Diversified Fund 17 .0000% B 4125000
d_|Federal Income Bracket 1 Tax Rate 13.0% a '
9 |Federal Income Bracket 2 Tax Rate 268.0% £$1DD.DDU -
10 |Federal Income Bracket 3 Tax Rate 3 0% T ¢75.000 M“"'
11 |Federal Income Bracket 4 Tax Rate /0w | &7 L
12 |Federal Income Bracket 5 Tax Rate 39.6% $50000 |t e,
13 |Federal FICA-Z5] Tax Rate on Salary 6.2% $25,000 I
14 |Federal FICA-Medicare Tax on Salary 1.45% 40
12 State Income Tax Rate 3.0% a5 45 Age 5 25
17 |Date n 1 2 3 4 5
18 |Age 25 26 27 2a 29 30
19 [Choice Variables
20 | Savings Percentage g8.1% g.1% G.1% 5.1% 5.1%
21 |Rizky Diversified Fund Percertage 100.0%: 100.0% 100.0% 100.0% 100.0%
22 [Withdrawwal Percentage 0.0% 0.0% 0.0% 0.0% 0.0%
23 |Real Growth Rate in Salary 2.0% 2.0% 2.0% 2.0%
24
25 |Random Yariables
26 |Real Return on Risky Diversified Fund -0.44% 22.99% -20.34% 5.52% 5.95%
27 |Real Return on Your Retirement Fundd -0.44% 22.99% -20.34% 552% 5.95%
26
29 | Outputs
30 |Salary §72525  $75770  $T8E3 $E2016
3 |Lessz Cortribution To Retirement Fund §5 670 $5,899 6,137 §6,385 §6,643
32 [Plus Withdrawwal From Retirement Fund F0 F0 0 0 0
33 | Taxable Income F64 330 §66929 69 633 72 445 §75,573
34 |Less Taxes F19589 0  §20497 F24 444 F22 416 F23,346
35 | After-Tax Income T4 Ta1 F4E 432 43189 F50,030 F52 027
36 |Plus Social Security Benefits 0 F0 F0 J0 0
37 | Consumption 44 7H 46 432 45,189 $a0,030 Fa2,027
38
39 |Retirement Fund 50 Fo 670 F13 012 16,711 24 37 F33,230
40 |Real Consumption in Current Dollars f43864] $49529]  sasmo|  geez20| 4723

FIGURE 165 A Medium Consumption Case Due To Medium Real Returns in the Risky
Diversified Fund.



o, B | ¢ | D | E | F | I |
1 | LIFE-CYcLE FINANCIAL BLANNING Basics
g Inputs s I;Iﬂn:al Consumption Over The Life-Cycle
4 |Inflstion Rate 20% '
5 |Real Ret on Rizkfree Money Market Fund 3.5% $175,000
6 |Ave Real Ret on Risky Diversified Fund &.0% k150,000
7 |Std Dev of Rizky Diversified Fund 17 .0000% B 4125000
d_|Federal Income Bracket 1 Tax Rate 13.0% a '
9 |Federal Income Bracket 2 Tax Rate 268.0% S4:100,000
10 |Federal Income Bracket 3 Tax Rate 31 0% % £75,000 MW&.
11 |Federal Income Bracket 4 Tax Rate /0w | &7 L
12 |Federal Income Bracket 5 Tax Rate 39 6% 50,000 W“"M
13 |Federal FICA-Z5] Tax Rate on Salary 6.2% $25,000
14 |Federal FICA-Medicare Tax on Salary 1.45% 40
12 State Income Tax Rate 3.0% a5 45 Age 5 25
17 |Date n 1 2 3 4 5
18 |Age 25 26 27 2a 29 30
19 [Choice Variables
20 | Savings Percentage g8.1% g.1% G.1% 5.1% 5.1%
21 |Rizky Diversified Fund Percertage 100.0%: 100.0% 100.0% 100.0% 100.0%
22 [Withdrawwal Percentage 0.0% 0.0% 0.0% 0.0% 0.0%
23 |Real Growth Rate in Salary 2.0% 2.0% 2.0% 2.0%
24
25 |Random Yariables
26 |Real Return on Risky Diversified Fund -1.32% 10.17% 28.24% 17.03% 0.59%
27 |Real Return on Your Retirement Fundd -1.32% 10.17% 28.24%, 17.03% 0.59%
26
29 | Outputs
30 |Salary §72525  $75770  $T8E3 $E2016
3 |Lessz Cortribution To Retirement Fund §5 670 $5,899 6,137 §6,385 §6,643
32 [Plus Withdrawwal From Retirement Fund F0 F0 0 0 0
33 | Taxable Income F64 330 §66929 69 633 72 445 §75,573
34 |Less Taxes F19589 0  §20497 F24 444 F22 416 F23,346
35 | After-Tax Income T4 Ta1 F4E 432 43189 F50,030 F52 027
36 |Plus Social Security Benefits 0 F0 F0 J0 0
37 | Consumption 44 7H 46 432 F45 189 50,030 Faz 027
38
39 |Retirement Fund 50 Fo 670 F1227 F22313 F33,021 F40 524
40 |Real Consumption in Current Dollars f43864] $49529]  sasmo|  geez20| 4723

FIGURE 16.6 A High Consumption Case Due To High Real Returnsin the Risky Diversified Fund.



o, B | ¢ | D | E | F | I |
1 | LIFE-CYcLE FINANCIAL BLANNING Basics
g Inputs s I;Iﬂn:al Consumption Over The Life-Cycle
4 |Inflstion Rate 20% '
5 |Real Ret on Rizkfree Money Market Fund 3.5% $175,000
6 |Ave Real Ret on Risky Diversified Fund &.0% k150,000 — P -
7 |Std Dev of Rizky Diversified Fund 17 .0000% B 4125000 f r
d_|Federal Income Bracket 1 Tax Rate 13.0% a ' *
9 |Federal Income Bracket 2 Tax Rate 268.0% £$1DD.DDU .
10 |Federal Income Bracket 3 Tax Rate 3 0% T ¢75.000 M“"'
11 |Federal Income Bracket 4 Tax Rate /0w | &7 L
12 |Federal Income Bracket 5 Tax Rate 39 6% 50,000 W“"M
13 |Federal FICA-Z5] Tax Rate on Salary 6.2% $25,000
14 |Federal FICA-Medicare Tax on Salary 1.45% 40
12 State Income Tax Rate 3.0% a5 45 Age 5 25
17 |Date n 1 2 3 4 5
18 |Age 25 26 27 2a 29 30
19 [Choice Variables
20 | Savings Percentage g8.1% g.1% G.1% 5.1% 5.1%
21 |Rizky Diversified Fund Percertage 100.0%: 100.0% 100.0% 100.0% 100.0%
22 [Withdrawwal Percentage 0.0% 0.0% 0.0% 0.0% 0.0%
23 |Real Growth Rate in Salary 2.0% 2.0% 2.0% 2.0%
24
25 |Random Yariables
26 |Real Return on Risky Diversified Fund 16.46% -1299% 8.71% -1 67% 4 79%
27 |Real Return on Your Retirement Fundd 16.46% -1299% 8.71% -1.67% 4.79%
26
29 | Outputs
30 |Salary §72525  $75770  $T8E3 $E2016
3 |Lessz Cortribution To Retirement Fund §5 670 $5,899 6,137 §6,385 §6,643
32 [Plus Withdrawwal From Retirement Fund F0 F0 0 0 0
33 | Taxable Income F64 330 §66929 69 633 72 445 §75,573
34 |Less Taxes F19589 0  §20497 F24 444 F22 416 F23,346
35 | After-Tax Income T4 Ta1 F4E 432 43189 F50,030 F52 027
36 |Plus Social Security Benefits 0 F0 F0 J0 0
37 | Consumption 44 7H 46 432 F45 189 50,030 Faz 027
38
39 |Retirement Fund 50 F2 670 $10,931 18255 F24 539 33,043
40 |Real Consumption in Current Dollars f43864] $49529]  sasmo|  geez20| 4723

These three graphs are "representative” of the risk you face from investing in the risky diversified fund. In
the low case, real consumption drops to about $40,000. In the medium case, real consumption fluctuates
between $75,000 and $100,000. In the high case, real consumption fluctuates between $125,000 and
$160,000. Clearly, thereis substantial risk from being so heavily exposed to the risky diversified fund.

There is a direct connection between risk and return. A high percentage in the risky diversified fund
percentage gives you a high average return and high risk. Whereas a low percentage in the risky
diversified fund percentage gives you alow average return and low risk. The choice is up to you.

Problems

ill-Building Problems.
1. Suppose the inflation rate is 2.4% and the rea return on a riskfree money market fund is 3.8%.
Suppose that a risky diversified fund offers an average real return of 7.2% and a standard



deviation of 19.3%. Suppose that federal income taxes have five brackets with the following
rates: 15.0%, 28.0%, 31.0%, 36.0%, and 39.6%. For current year, the upper cutoff on the first
four brackets are $43,050, $104,050, $158,550, and $283,150 and these cutoffs are indexed to
inflation. The state tax rate = 4.5%, federal FICA-SSI tax rate on salary up to $72,600 is 6.2%,
and the federal FICA-Medicare tax rate on any level of saary is 1.45%. Suppose you are
currently 35 years old and you expect to earn a salary next year of $90,000. Y ou currently have
$40,000 in a retirement account and plan to work through age 70. Y ou will start receiving socia
security benefits at age 71. The current level of social security benefits is $15, 480 per year and
this is indexed to inflation. Develop a financia plan for investment and consumption over your
life-cycle.

Skill-Extending Problems.

2. Extend the Life-Cycle Financial Planning model by converting the spreadsheet into a Dynamic
Chart by adding spinners to drive the inputs. See Black Scholes Option Pricing - Dynamic Chart
for details on how to implement spinners. After you click on the spinners to change the inputs,
then adjust the Savings Percentage to have a smooth consumption pattern.

Liveln-class Problems.

3. Given the partial Basics spreadsheet LifebasZ.xls, do step 3 Choice Variables.

PART 5 OPTIONS AND CORPORATE
FINANCE

17 Binomial Option Pricing
17.1 Single Period

Problem. The current stock price of All-Net is $100.00, the potential up movement / period of All-Net's
stock price is 30.00%, the potential down movement / period of All-Net's stock price is -20.00%, the
riskfree rate is 2.0% per period, the exercise price of an one-period, European call option on All-Net is
$90.00, the exercise price of an one-period, European put option on All-Net is $90.00, the time to
maturity for both options is 0.75 years (nine months), and the number of periods for both optionsis 1.
What are the current prices of the call and put?

Solution Strategy. First, calculate the date 1, maturity date items: stock up price, stock down price, and
the corresponding call and put payoffs. Second, calculate the shares of stock and money borrowed to
create areplicating portfolio that replicates the option payoff at maturity. Finally, calculate the price now
of the replicating portfolio and, in the absence of arbitrage, thiswill be the option price now.



FIGURE 17.1 Spreadsheet Model of Binomial Option Pricing - Single Period - Call Option.

A | 8 [ ¢ | o | E | F [ & |
1 | BinomiaL OPTION PRICING |Single Period Call
2
3 |Inputs
4 | Option Type: 1=Call, 0=Put 1
S |Stock Price Mow 100,00
& |Up Movement 5 Period 30.00%
¥ |Dovvn Movement f Period | -20.00%:
2 |Rizkfree Rate f Period 2.00%
9 |Exercize Price F20.00
10 [Time To Maturity (ears) 0.75
11 |Mumber of Periods 1
12
13 How  Maturity
14 Period 1] 1
15 Time 0.000 0.750
16
17 Stock | F100.00 | §130.00
18 F50.00
149
20 Call 1TSS $40.00
| F0.00
22
23 |Replicating Portfolio
24
25 | Stock Shares Bought (Sold)
26 0.800
27
28 | Money Lent (Borrowed)
29 [FE2.75)

How To Build This Spreadsheet M odel.

1

Inputs. Enter 1 in cell B4. Thiswill serve as a switch between a call option and a put option. To
highlight which type of option is being evaluated, enter =IF($B$4=1," Call" ," Put") in cell G1
and copy this cell to cell A20. Enter the other inputs into the range B5:B11.

Enter Periods and Time. Enter the periods O and 1 in cells B14 and C14. The formulafor Time
= Time To Maturity * (Period / Number of Periods). Enter =$B$10* (B14/$B%$11) in cell B15 and
copy it to the cell C15.

Stock Prices. Set the Date 0 Stock Price equal to the Stock Price Now by entering =B5 in cell
B17. Calculate the Date 1 Stock Up Price = Stock Price Now * (1 + Up Movement / Period) by
entering =B17*(1+B6) in cell C17. Calculate the Date 1 Stock Down Price = Stock Price Now *
(1 + Down Movement / Period) by entering =B17*(1+B7) incell C18.

Option Payoffs At Maturity. The formulas for option payoffs are:
o For aCall, the Payoff At Maturity = Max (Stock Price At Maturity — Exercise Price, 0).
o For aPut, the Payoff At Maturity = Max (Exercise Price — Stock Price At Maturity, 0).
Enter =IF($B$4=1,MAX(C17-$B$9,0),M AX($B$9-C17,0)) in cell C20 and copy it to
the cell C21.

Create A Replicating Portfolio. For the Replicating Portfolio, calculate the Stock Shares Bought
(Sold) using the Hedge Ratio = (Option Up Payoff — Option Down Payoff) / (Stock Up Price —



Stock Down Price). In cell B26, enter =(C20-C21)/(C17-C18). For the Replicating Portfalio,
calculate the amount of Money Lent (Borrowed) = (Call Down Payoff -Hedge Ratio * Stock
Down Price) / (1 + Riskfree Rate/ Period). In cell B29, enter =(C21-B26*C18)/(1+B8). Notice
that replicating a Call option requires Buying Shares of Stock and Borrowing Money, whereas a
Put option requires Selling Shares of Stock and Lending Money.

6. Calculate the Option Price Now. In the absence of arbitrage, the Option Price Now =
Replicating Portfolio Price Now = Number of Shares of Stock * Stock Price Now + Money
Borrowed. In cell B20, enter =B26*B17+B29.

We see that the Binomial Option Pricing model predicts a one-period European call price of $17.25. Now
let's check the put.

FIGURE 17.2 Spreadsheet Model of Binomial Option Pricing - Single Period - Put Option.

A 8 | ¢ | o | E | F | & |
1 | BinomiaL OPTION PRICING | Single Period Put
2
3 |Inputs
4 | Option Type: 1=Call, 0=Put 1]
S |Stock Price Mow F100.00
& |Up Movement 5 Period 30.00%:
7 |Dovvn Mowvement f Period | -20.00%:
2 |Rizkfree Rate f Period 2.00%
9 |Exercize Price F20.00
10 [Time To Maturity (ears) 0.75
11 |Mumber of Periods 1
12
13 How |Maturity
14 Period 1] 1
15 Time 0.000 0.750
16
17 Stock | F100.00 | $1.30.00
18 $50.00
14
20 Put| $548| §0.00
oy F10.00
22
23 |Replicating Portfolio
24
25 | Stock Shares Bought (Sold)
26 (0,200
27
28 | Money Lent (Borrowed)
29 F25.409

7. Put Option. Enter Oin cell B4.

We see that the Binomial Option Pricing model predicts a one-period European put price of $5.49.

17.2 Multi-Period

Problem. The current stock price of Energy Systems is $60.00, the potential up movement / period of
Energy Systems' stock price is 10.00%, the potential down movement / period of Energy Systems' stock



price is -5.00%, the riskfree rate is 0.5% per period, the exercise price of an one-period, European call
option on Energy Systems is $65.00, the exercise price of an one-period, European put option on Energy
Systems is $65.00, the time to maturity for both optionsis 2.00 years, and the number of periods for both
optionsis 8. What are the current prices of the call and put?

Solution Strategy. First, build a multi-period tree of stock prices. Second, calculate call and put payoffs
at maturity. Third, build the multi-period trees of the shares of stock and money borrowed to create a
replicating portfolio that replicates the option period by period. Finaly, build a multi-period tree of the
value of the replicating portfolio and, in the absence of arbitrage, this will be value of the option.

FIGURE 17.3 Spreadsheet Model of Binomial Option Pricing - Multi-Period - Call Option.

A | 8 [ ¢ | b [ E | F [ & | H [ 1+ | |
1 | BinomIAL OPTION PRICING Multi-Period Call
2
3 |Inputs
4 | Option Type: 1=Call, 0=Put 1
o |Stock Price Mow FE0.00
6 |Up Movement § Periodd 10.00%
¥ |Doven Movement £ Period | -5.00%
& |Rizkfree Rate f Period 0.50%
9 |Exercise Price J55.00
10 |Time To Maturity (ears) 2.00
11 |Mumber of Petiods g
12
13 How Maturity
14 Period 1] 1 2 3 4 5 ] T H]
15 Time 0.000 0.250 0.500 0.750 1.000 1.250 1.500 1.750 2.000
16
17 Stock  F60.00  F66.00 | FF2E0 | §79.86 | FEV.GS | FO6E3 F0623 F116592 F12862
158 FS7.00 | FE2Y0 0 FEEAY  FTo4Y @540 §91.80 F10093 F111.05
19 Fo415  $5957  FESSZ 0§07 FF925 0 FEYM ) 9543
20 $51.44 | $5629  FE22S 0 FESAY 0 §VS 32 $8285

f45.87 | $35376 | F3913  F63.05  FF1.35
F46.435 | F1 07 | 5615 | F61.79

F4411 | $4552 | §a5.57

f41.90 | F46.09

391

call 9595 3573 $1094 $1675 $2413 $3260 $4194 §5225 $E3 62
$234 | $434  $TES 1265 $19.42  $2744  $3630 34608

$1.20  $246  F481  $o54 1493 §2253  $3043

$048  $112  §252  $539 1064 $17.85

$042 | §032  $067  §239 3655

$000  $000 3000 $0.00

$000  $000  $0.00

000 $0.00

$0.00
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How To Build This Spreadsheet Model.

1. Start with the Single Period Spreadsheet, Enter the Inputs, and Delete Rows. Open the
spreadsheet that you created for Binomial Option Pricing — Single Period and immediately save
the spreadsheet under a new name using the File | Save As command. Enter the new inputs into
the range B5:B11. Delete rows 20 through 29 by selecting the range A20: A29, clicking on Edit,



Delete, sdlecting the Entire Row radio button on the Delete dialog box, and clicking on OK.

2. Enter Periods and Time. Enter the periods O, 1, 2, ..., 8 in cells B14 and J14. The formula for
Time = Time To Maturity * (Period / Number of Periods). Enter =$B$10* (B14/$B%$11) in cell
B15 and copy the cell to the range C15:J15.

3. The Stock Price Tree. Asin the single period case, the Period 0 Stock Price is equal to the
Stock Price Now. Turning to the rest of the Stock Price Tree, we want to create the entire tree
with one copy command to a square range. To do this we have to determine whether a cell in the
square area is on the tree or off the tree. Further, there are two different formulas to use on the
tree (aDown Price vs. an Up Price). Hence, there are three possibilities:

(0]

When the cell to the left and the cell diagonally to the upper left are both blank, then
show a blank.

When the cell to the l€eft is blank and the cell diagonally to the upper left has a number,
then you are on the lower edge of the triangle so cd culate the Down Price = (Stock Price
in the Upper Left) * (1 + Down Movement / Period)

When both cells have numbers, then calculate the Up Price = (Stock Price to the Left) *
(1 + Up Movement / Period) Enter

=IF(B17="" IF(B16="""" ,B16*(1+$B%$7)),B17*(1+$B$6)) incell C17 and copy this
cell to the 9-by-9 square range C17:J25. The nested |F statements cause a binomial tree
to form in the triangular areafrom C17 to J17 to J25. Incidentally, the same procedure
could create a binomial tree for any number of periods. For example, if you wished to
create a 20 period model, then you would simply copy this cell to a 20-by-21 square
range. In the Binomial Option Pricing Full-Scale Real Data spreadsheet model, we will
explait this feature to create a 50 period model!

4. Option Payoffs At Maturity. Copy the option type indicator from cell G1 and copy this cell to
cell A27. The formulas for option payoffs are:

0
0

For a Call, the Payoff At Maturity = Max (Stock Price At Maturity — Exercise Price, 0).
For a Put, the Payoff At Maturity = Max (Exercise Price — Stock Price Maturity, 0).
Enter =IF($B$4=1,MAX(J17-$B%$9,0),M AX ($B$9-J17,0)) in cell J27 and copy this
cell to the range J28:J35.



FIGURE 17.4 Spreadsheet of Binomial Option Pricing - Multi-Period - Call (Continued).

A & | ¢ | o | E | F |6 | w | v | J |
1 |BinomiaL OPTION PRICING Multi-Period Call
2|
_3 |Inputs
_4 | Option Type: 1=Call, 0=Put 1
9 |Stock Price Mowe F&0.00
_ B |Up Movement f Period 10.00%
¢ |Dowvn hovement fPeriod | -5.00%
_ & |Riskfree Rate [ Period 0.30%
9 |Exercize Price F&2.00
0| Time Ta Maturity (vears) 2.00
11 |Mumber of Periods =3
12
3 How Maturity
14 Period 0 1 2 3 4 5 ] [ &
15 Time 0.000 0.250 0500  0.750 4.000 4250  41.500 | 1.750 @ 2.000
_37_|Replicating Portfolio
38
38 | Stock Shares Bought (Sold)
40 0457 | 0EEY | 0838 | 08955 | 1.000  1.000  1.000 1.000
A4 0367 | 0552 | 0OFs8 | 0528 | 1.000 1.000 1.000
42 0244 | 0413 | 0544 | 0832 1.000 1.000
43 0430 | 0259 | 0434 | 0803 | 1.000
44 no43 | 0108 | 0268 | 0OEM
45 0000 | 0000 | 0000
46 0.o00 | 0000
AT 0.ao0
48|
49 | Money Lent (Eorrowed)
= ($25.321 (537 28 ($49.93) | ($59.711 ($63.72) (F64.03) | ($54.35) | ($64.68
=il (F15.600 (F30.26% | (F44 667 (FST 860 (F54.03)) (F54.35)| (F64 62)
52 (F11.99) (F2216) | (F37.36) ) (F34.74)) (564,350 | (564 58]
53 | (56.200| (13,530 (527 590 | ($49.517 | (56458
5% | (F2.001 (55500 (51506 | (F41.28)
== $0.00 | §0OOO0 | H0.00
56 FO.00 | HO.00
=T F0.00

5. The Stock Shares Bought (Sold) Tree. At each point in the 8-by-8 square range, you need to

determineif you are on the tree or off the tree. There are two possibilities:

o When the corresponding cell in the Stock Price areais blank, then show a blank.
o When the corresponding cell in the Stock Price area has a number, then use the Hedge
Ratio = (Option Up Payoff — Option Down Payoff) / (Stock Up Price — Stock Down

Price).

Enter =IF(C28="""",(C27-C28)/(C17-C18)) in cdl B40 and copy this cdll to the 8-
by-8 sgquare range B40:147. A binomial tree will form in the triangular area from B40 to
140 to 147. Again the same procedure could create a binomial tree for any number of

periods.

6. The Money Lent (Borrowed) Tree. At each point in the 8-by-8 square range, you need to
determineif you are on the tree or off the tree. There are two possibilities:
o When the corresponding cell in the Stock Price areais blank, then show a blank.



o When the corresponding cell in the Stock Price area has a number, then calculate the
amount of Money Lent (Borrowed) = (Call Down Payoff -Hedge Ratio * Stock Down
Price) / (1 + Riskfree Rate/ Period). Enter
=IF(C28="""",(C28-B40*C18)/(1+$B$8)) in cell B50 and copy this cell to the 8-by-8
square range B50:157. A binomial tree will form in the triangular areafrom B50 to 150 to
I57. Again the same procedure could create a binomial tree for any number of periods.

7. TheOption Price Tree. At each point in the 8-by-8 square range (excluding column J containing
option payoffs at maturity), you need to determine if you are on the tree or off the tree. There are
two possibilities:

o When the corresponding cell in the Stock Price areais blank, then show a blank.

o When the corresponding cell in the Stock Price area has a number, then (in the absence of
arbitrage) the Option Price At Each Node = Price Of The Corresponding Replicating
Portfolio = Number of Shares of Stock * Stock Price + Money Borrowed.

Enter =IF(C28="","" B40*B17+B50) in cdl B27 and copy this cell to the 8-by-9 range
B27:134. Be sure not to copy over column J containing option payoffs at maturity. A
binomial tree will form in the triangular area from B27 to J27 to J35. Again the same procedure
could create a binomial tree for any number of periods.

We see that the Binomial Option Pricing model predicts an eight-period European call price of
$3.93. Now let's check the put.

FIGURE 17.5 Spreadsheet Model of Binomial Option Pricing - Multi-Period - Put.



&, ' 8 | ¢ | o | E | F | & | H | J
1 | BINOMIAL OPTION PRICING Multi-Period Put
2
3 |Inputs
4 | Option Type: 1=Call, 0=Put 1]
5 |Stock Price Mow FE0.00
& |Up Movement 5 Period 10.00%
7 |Dovvn Movement f Period | -5.00%
g2 |Rizkfree Rate / Period 0.50%
9 |Exercize Price FE5.00
10 | Time To Maturity (ears) 2.00
11 |Mumber of Periods g
12
13 How Maturity
14 Period 1] 1 2 3 4 5 1] T &
15 Time 0.000 0.250 0.500 0.750 1.000 1.250 1.500 1.750 2.000
1E
17 Stock  F60.00  FEE.00 | FF2E0 | 7986 | FEV.ES | FOEE3 10629 F116.92 $12862
18 F7.00 | FE2Y0 0 FE3.97  FTOAEY 0 F5345 0 FM G0 10083 F111.05
19 Fo4.15 | F59.57 6552 FT207 0 FTO2E 0 FEY.21 ) §95.93
20 F51.44 | F5658  FE225 0 FE5.47  FVS 32 $82.53
M FA4SET | FSITE | FSQ13 BSOS FTM1ES
22 F46.43 | FS1.07  FS6186  F51.79
23 F44.11 | F4552  FLIIT
24 F41.90 | F46.09
25 F30.51
26
27 put[IBEREN 5350 3§43 §032  §000 $000 $000  $000  $000
28 Fa.11 Fa.72 F2.08 F0.51 F0.00 F0.00 F0.00 F0.00
29 F013 F6.29 F3.m1 F0.50 F0.00 F0.00 F0.00
30 Fi12.44 $5.25 $4.30 .27 F0.00 F0.00
iy F14.96 | $1060 F6.09 F2.02 F0.00
32 FI7TE | F13.29 Fa8.50 F3.
33 F2025  FIEAE  F1163
34 F2275 P16
35 F25.149

8. Put Option. Enter Oin cell B4.
We see that the Binomial Option Pricing model predicts an eight-period European put price of $6.39.

FIGURE 17.6 Spreadsheet of Binomial Option Pricing - Multi-Period - Put (Continued).



2, | e | ¢ | o | E | F | & |l H | 1 | 4

1 |BiINomIAL OPTION PRICING Multi-Period Put
2 |
_3 |Inputs
_ 4 |Option Type: 1=Call, =Pt 1]
5 |Stock Price Mow F60.00
_ B |Up Movement [ Period 10.003%
¢ |Dowen Movement f Period | -5.00%
_ 8 |Riskfree Rate fPeriod 0.50%
9 |Exercize Price $65.00
10| Time To Maturity CVears) 2.00
11 |Mumber of Periods =]
12 ]
3 How Maturity
4 Period 0 1 2 3 4 & [ T &
135 Time 0000 0250 0500 0750 1.000 1.250  1.500 | 1.750 @ 2.000
_37 |Replicating Portfolio
38
.39 | Stock Shares Bought (Sold)
40 (0513 (0333 (0162) (0042 0000 0 0000 0000 | 0000
i (0633 (0448 (02429 (0071 0000 0000 | 0,000
42 (0756 (0587 (0356 (0418) 0000 0.000
43 (0870 (0741 (0516) (0197 0.000
A4 (0937 (0892 (07310 (0.3529)
45 (1000 ¢1.000% ) ¢1.000%
48 (10007 ¢1.000)
A7 (1.0007%
48
49 | Money Lent (Borrowed)
50 $3714 0 F2049  W316 | F3E5 | F00O0 | FOO0 | F0.00  F0.00
= P47 3283 Way4 | FSG65 | FOOO0 | FOOO | HO.00
= 103 F1 24 26535 F929 | FOOO | HO.00
53 | FST20 0 $5049 | $3644 | F474 | F0.00
54 $61.71 5854 0 F4929 0 FEI3E9
55 FE64.03 | F64.35 | F64.65
== $64.35  FE4.63
a7 $54 63

As in the single period case, replicating a Call option requires Buying Shares of Stock and Borrowing
Money, whereas a Put option requires Selling Shares of Stock and Lending Money. Notice that the
quantity of Money Borrowed or Lent and the quantity of Shares Bought or Sold changes over time and
differs for up nodes vs. down nodes. This process of changing the replicating portfolio every period based
on the realized up or down movement in the underlying stock priceis called dynamic replication.

Price accuracy can be increased by subdividing the interval into more periods (15, 30, etc.). Typicaly,
from 30 subperiods to 100 periods are required in order to achieve price accuracy to the penny.

17.3 Risk Neutral

The previous spreadsheet model, Binomial Option Pricing Multi-Period, determined the price of an
option by constructing a replicating portfolio, which combines a stock and a bond to replicate the payoffs
of the option. An alternative way to price an option is the Risk Neutral method. Both techniques give you
the same answer. The main advantage of the Risk Neutral method is that it is faster and easier to
implement. The Replicating Portfolio method required the construction of four trees (stock prices, shares



of stock bought (sold), money lent (borrowed), and option prices). The Risk Neutral method will only
require two trees (stock prices and option prices).

FIGURE 17.7 Spreadsheet Model of Binomial Option Pricing - Risk Neutral - Call Option.

A | 8 [ ¢ | b [ E | F [ & [ H [ 1+ | |
1 | BinomiAL OPTION PRICING Risk Neutral Call
2
3 |Inputs Qutputs
4 | Option Type: 1=Call, 0=Put 1 Rizk Meutral Probakility | 36.67%
2 |Stock Price Maow FE0.00
6 |Up Movement § Periodd 10.00%
¥ |Doven Movement £ Period | -5.00%
& |Rizkfree Rate fPeriod 0.50%
9 |Exercize Price F55.00
10 |Time To Maturity (ears) 2.00
11 |Mumber of Periods =3
12
13 How Maturity
14 Period 0 1 2 3 4 5 [ T H]
15 Time 0.000 0.250 0.500 0.750 1.000 1.250 1.500 1.750 2.000
16
17 Stock  F60.00 @ F6E.00 | FF2E0 | F79.86 | FEV.GS | $O6E3 FO0629 F11692 F12562
18 FS7.00 | FE270  FEESY  F7SEY | F8345 0 §91.80 $1008935 F111.03
19 Fo5415  $5957  FESS2 FF207 ) FV925 0 FEYM ) $9545
20 $5144  F3629  FE22S 0 FES4Y 0 FVS32 | $92.83

F48.87 | $253.76 | 39413 §635.05 0 FT1.95
F46.43 | §31.07 | 5618 | $61.79

F4411 | $4552 | §35.57

fi41.90 | F46.03

F30.0

call (9585 3573 $1094 $1673  $2413 §3260  $41.94 §$5225 F6362
$234  $434  $765 $1266  $1942 $2744  $3I630  $46.08

$1.20  §246  $481 o84 $1493  $2253  $30.93

§046  $112  §252  §539  $I0E4 | $17E5

$042 | §032 087 $239 $655

§000  $000  $000  $0.00

$000  $000  $0.00

000 | $0.00

$0.00
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How To Build This Spreadsheet Model.

1. Start with the Multi-Period Spreadsheet. Open the spreadsheet that you created for Binomial
Option Pricing — Multi-Period and immediately save the spreadsheet under a new name using the
File Save As command.

2. Risk Neutral Probability. Calculate the Risk Neutral Probability = (Riskfree Rate / Period -
Down Movement / Period) / (Up Movement / Period - Down Movement / Period). Enter =(B8-
B7)/(B6-B7) in cell F4.

3. The Option Price Tree. At each point in the 8-by-9 range, you need to determine if you are on
the tree or off the tree. There are two possibilities:
o When the corresponding cell in the Stock Price areais blank, then show a blank.



o When the corresponding cell in the Stock Price area has a number, then (in the absence of
arbitrage) the Option Price At Each Node = Expected Value of the Option Price Next
Period (using the Risk Neutral Probability) Discounted At The Riskfree Rate = [(Risk
Neutral Probability) * (Stock Up Price) + (1 - Risk Neutral Probability) * ( Stock Down
Price)] / (1+ Riskfree Rate/ Period).
Enter =IF(C28="""" ($F$4* C27+(1-$F$4)*C28)/(1+$B$8)) in cell B27 (yielding a blank
output at first) and then copy this cell to the 8-by-8 range B27:134. Be sure not to copy over
column J containing option payoffs at maturity. A binomial tree will form in the triangular
area from B27 to J27 to J35. Again the same procedure could create a binominal tree for any
number of periods. For appearances, delete rows 37 through 57 by selecting the range A37:A57,
clicking on Edit, Delete, selecting the Entire Row radio button on the Delete diaog box, and
clicking on OK.

We see that the Risk Neutral method predicts an eight-period European call price of $3.93. This is
identical to Replicating Portfolio Price. Now let's check the put.

FIGURE 17.8 Spreadsheet Model of Binomial Option Pricing - Risk Neutral - Put Option.

A | 8 | ¢ | o | E | F | & | H | 1 | 4 |
1 | BINoMIAL OPTION PRICING Risk Neutral Put
2
3 |Inputs Outputs
4 |Option Type: 1=Call, 0=Put ] Rizk Meutral Probakility | 36 67%
5 |Stock Price Mow FE0.00
& |Up Movement 5 Period 10.00%
¥ |Dovwn Movement S Period | -5.00%
& |Rizkfree Rate / Period 0.50%
9 |Exercize Price FE5.00
10 | Time To Maturity (ears) 2.00
11 |Mumber of Periods g
12
13 How Maturity
14 Period 0 1 2 3 4 5 [ T 8
15 Time 0.000 0.250 0.500 0.750 1.000 1.250 1.500 1.750 2.000
16
17 Stock F60.00  F66.00  FF2E0 | $7986 | $57.85 | FO96E3 10625 F11692 $12562
18 FST00 | FE270  FEESY O FTSEY | FE345 0 FM B0 F100835 F111.03
19 o415 $59.57  P6552  FF207 0 FV9.25 0 FEY.21 ) $95.45
20 Fa1.44  F2629 G225 PGS 47 TS 32 FEZG3
| F4587  F55376  F59413  FES05  FA1 .55
22 F46.43 | $51.07  $3615  FE1.79
23 Fa4411  P4552  F53.57
24 F41.90 | $46.09
25 F39.3
26
27 put[BEREN 5350 143 032 $000 $000  $000  $000  $0.00
28 $5.11 Fa.72 F$2.05 F0.31 $0.00 $0.00 $0.00 $0.00
29 F1013 $6.29 F3.01 $0.30 F0.00 F0.00 F0.00
30 F12.44 $5.25 $4.30 $1.27 $0.00 $0.00
iy $1496 | $1060 $6.09 $2.02 $0.00
32 F7E1 | $13.29 $5.20 $3.21
33 F2025 FEAE | FI1E63
34 F2278  F1EM
35 F2519



4. Put Option. Enter Oin cell B4.

We see that the Risk Neutra method predicts an eight-period European put price of $6.39. This is
identical to Replicating Portfolio Price. Again, we get the same answer either way. The advantage of the
Risk Neutral method is that we only have to construct two trees, rather than four trees.

17.4 Full-Scale Real Data

The binomial model can be used to price rea-world European calls and puts. Further, the Binomial Tree/
Risk Neutral method can be extended to price any type of derivative security (European vs. American vs.
other, on any underlying asset(s), with any underlying dividends or cash flows, with any derivative
payoffs at maturity and/or payoffs before maturity). Indeed, it is one of the most popular techniques on
Wall Street for pricing and hedging derivatives.

Problem Using Real Data. On December 13, 1999, the stock price of Amazon.com was $102.50, the
yield on ariskfree Treasury Bill maturing on April 20, 2000 was 5.47%, the exercise price of an April 100
European cal on Amazon.com was $100.00, the exercise price of an April 100 European put on
Amazon.com was $100.00, and the time to maturity for both April 21, 2000 maturity options was 0.3556
years. What is the annual standard deviation of Amazon.com stock? What are the current prices of the call
and put under the continuous annualization convention? What are the current prices of the call and put
under the discrete annualization convention?

Solution Strategy. Collect Amazon.com's historical stock prices from Yahoo Finance! and calculate the
annua standard deviation. Use the annual standard deviation and the annual riskfree rate to calculate the
up movement / period, down movement / period, and riskfree rate / period. Extend the Binomial Option
Pricing - Risk Neutral model to full-scale (50 periods) in order to achieve greater price accuracy.

FIGURE 17.9 Spreadsheet Model of Binomial Option Pricing - Estimating Volatility.



A | B | ¢ | o [ E | F | 6 | H |

1 | BinomiaL OpPTION PRICING Estimating Volatility

Dizcrete | Continuous

3 Date Open High Loy Close Solume Return Return

4 [ 13-Dec-99 1066250 1066250 101.5000 1025000 5653700 -3.93% -4.00%
S [10-Dec-99141.9375 1120000 104 4375 106 6875 14929 000 208% 291%
E | 9-Dec-09| 955000 1130000 9343751036250 41 364 600 17.01% 15.719%
¥ | 8-Dec-99| 868125 930000 S6.0000) 855625 12867 200 2.90% 2.56%
g | V-Dec-99| 50000 550000 543730 860625 6727100 -1.92% -1.94%
9 | B-Dec-09| 8E87S0 8085750 S4.687S| 877500 9199200 1.37% 1.36%
10 | 3-Dec-993 925000 933750 BEOB2S5 BESE2S 11,151,200 -281% -2.85%
11 | 2-Dec-99 860000 91.3125| 356250 890625 95357000 475% 4 57%
12 | 1-Dec-893 &7 2500 §7.8750| 518685 850000 10663600 -0.07% -0.07%

13 | 30-Movw-598 | 852656 §5.6750 838125 850625 13465500 -594% -5.153%
14 | 29-Mow-99) 955000 965750 901250 904375 150553700 -2.89% -2.93%

G2 | 22-Sep-99| B2.8730 66.5000 BO0G57TS 66.0000 10,037,500 6.02% 2.83%
B3 | 21-Sep-99| 61.6230 63.9375 61.0000 622300 §232,500 -0.80% -0.50%
G4 | 20-Sep-98| B3.6575 650000 G2E575 G62.7300 S937100 -167% -1 654
G5 | 17-Sep-99| 656250 660000 627500 EB38125 7238500 -220% -223%
G6 | 16-Sep-99| B4.9375 638123 B2.7500 652300 7035900 -0.45% -0.45%
G7 | 13-Sep-88| 67.7500 678375 B3.0000 655623 78173500 -066% -0.67%
G5 | 14-Sep-98| 627500 664375 G2.7500 G6.0000 &752500 4.24% 4 16%
B9 | 13-Sep-99| 656250 B6.0000 625000 B3.3125 7747 600

Standard Deviation (Daily) . S 65% S.42%
Standard Devistion ¢ Annush | 80253% ] S6.07%]

How To Build This Spreadsheet M odel.

1

Collect Historical Stock Price Data. Go to [Y ahoo Finance! |(quote.yahoo.com), enter AMZN
(the ticker symbol for Amazon.com) in the Get Quotes box, click on Chart, at the bottom of the
page click on Other: historical quotes, adjust the start date if you want more than three months
of data, click on Download Spreadsheet Format, and save the csv file. Launch Excel and open
the csv file.

Calculate Discrete and Continuous Returns. There are two conventions for calculating stock
returns. A simple percent change yields the Discrete Return = [(Price on date t) - (Price on date t-
1)] / (Price on datet-1). Enter =(E4-E5)/ES5 in cell G4 and copy it down. The Continuous Return
= LN[(Price on datet) / (Price on date t-1)]. Enter =L N(E4/E5) in cell H4 and copy it down.

Calculatethe Daily and Annual Standard Deviation. Use Excel's function STDEYV to calculate
the sample standard deviation of daily discrete returns and daily continuous returns. Enter
=STDEV(G4:G68) incel G71 and copy the cell to H71. Convert the daily standard deviation to
annua standard deviation by multiplying by the square root of the number of trading days in the
year. By way of explanation, the stock variance is proportion to the units of time. Hence, the
stock standard deviation is proportional to the square root of the units of time. The empirica
evidence shows that is better to use trading days rather than calendar days, since trading daysis a
better predictor of stock volatility than calendar days. There are 252 trading days in the year, so
we multiply by the square root of 252. Enter =G71*SQRT(252) in cell G72 and copy it to the
cell H72.

We find that Amazon.com's annual standard deviation is 90.23% based on discrete returns and is 86.07%
based on continuous returns.


http://quote.yahoo.com/
http://quote.yahoo.com/

FIGURE 17.10 Spreadsheet Model of Binomial Option Pricing - Full-Scale Real Data -

Call.
A, [ 8 [ ¢ [ o | E [ F A% | Y [ az |
1 | BiINOMIAL OPTION PRICING Full-Scale Real Data
2 Call |Continuous
3 |Inputs Outputs
4 | Option Type: 1=Call, 0=Put 1 Time [ Period o.oar
5 | Stock Price Mow F102 .50 Fizkfree Rate § Period 0.04%
B | Standard Dey (Annual) 86 .07% Up Movemert § Period TA3%
¥ |Rizkfree Rate (Annual) 5.47% Dowen Movement fPeriod | -7 .00%
& |Exercize Price F100.00 Rizk Meutral Probakility | 45.45%
9 [Time To Maturity (Years) 0.3556
10 [Mumber of Periods a0
Annualization Convention:
11 [1=Discrete, O=Continuous 0
12
13 How Maturity
14 Period 0 1 2 3 4 48 49 50
15 Time 0.000 0.007 0014 0.021 0.028 034 0.348 0.356
16
17 Stock 10250 1022 $11551 $2744  F137.03 | $35,34075 F3,592.25  §3562.69
15 $95.52 W0250 F1022  $11851 | $2.859.53 F31068.85  F3340.73
19 $@8.65 | $95.52 | $102.50 | F2495.91 F2 65704 | §2 539533
20 Fo244 | EBEES | F2161.24 F2,32395  F249591
M $76.67 [ $1,869.20 $2,00993  $2161.24
2 ¥ B1663 $1,738.33  $1,5869.20
23 ¥1,395.15 1,503.44 1 51663
24 F1,200.25 F1,30029 13539515
25 F1,045.85 F112459 120925
26 Fa04 .55 FIT2ES | F1,045.55
2F Frez. F541.20 904 53
28 FETE.EO Fr2T A3 Fra23
29 F58517 F529.23 FE7E BO
30 Fa06.10 Fa44 .20 FaB517
i Fa37.M1 F4TOEY o060
32 Favasy Fa07 .07 F437 .71
33 Fa327.41 35205 F3TEAT
34 F28317 F304 .49 327 .41
35 F244.91 F263.35 F2E347
36 F211.82 F227 75 F2a4 91

4. Start with the Risk Neutral Spreadsheet and Freeze Panes. Open the spreadsheet that you
created for Binomial Option Pricing — Risk Neutral and immediately save the spreadsheet under a
new name using the File | Save As command. It will be helpful for navigation purposesto lock in
both column titles and row titles. Select cell G16 and click on Window | Freeze Panes.

5. Rearrange the Inputs. Select the range A6:B7 and drag the range (hover the cursor over the
lower highlighted line, click on the left mouse button, and hold it down while you move it) to cell
E6. Select the range A8:B8 and drag the range to cell E5. Select the range A9:B11 and drag the
range to cell A8. Select therange E4:F4 and drag the range to cell E8.

6. Enter the New Inputs. Enter the Full-Scale Real Data inputs in the range B4:B11 as shown in
Figure 2. The value in cell B11 serves as a switch between the Discrete and Continuous



Annualization Conventions. To accommodate both annuadization conventions, enter
=IF(B11=1,90.23%,86.07%) in cell B6 for the Annual Standard Deviation. To highlight which
annualization conventionisin use, enter =| F($B$11=1," Discrete" " Continuous") in cell E2.

7. Calculatethe New Outputs. Calculate four new "per period" outputs:

o Time/Period = (Time To Maturity) / (Number of Periods). Enter =B9/B10 in cell F4.

o Riskfree Rate/ Period = (Annua Riskfree Rate) * (Time / Period) under the discrete
annualization convention or = exp[(Annual Riskfree Rate) * (Time/ Period)] -1 under the
continuous annualization convention. Enter =IF($B$11=1,B7*F4,EXP(B7*F4)-1) in cell
F5.

o Up Movement / Period = (Annua Standard Deviation) * Square Root (Time / Period)
under the discrete annualization convention or = exp[(Annua Standard Deviation) *
Square Root (Time / Period)] -1 under the continuous annualization convention. Enter
=IF($B$11=1,B6* SQRT (F4),EXP(B6* SQRT (F4))-1) in cell F6.

o Down Movement / Period = -(Annual Standard Deviation) * Sguare Root (Time /
Period) under the discrete annualization convention or = exp[-(Annua Standard
Deviation) * Sqguare Root (Time / Period)] -1 under the continuous annualization
convention. Enter =IF($B$11=1,-B6* SQRT (F4),EXP(-B6* SQRT(F4))-1) in cedl F7.
The up movement / period and down movement / period are calibrated to correspond to
the stock's anntﬁl standard deviation. It is not necessary to calibrate them to the stock's
expected return.

8. Extend The Periods and Timeto 50 Periods. Select the range B14:C14, grab the fill bar (hover
the mouse over the lower-right corner of the selection - when it turnsto a"+" sign, click the left
mouse button), and fill in the range D14:AZ14. Select the cell B15 and copy it to the range
C15:AZ15.

9. Extend The Stock Price Tree to 50 Periods. Add some rows to make space between the Stock
Price Tree and the Option Price Tree. Select the range A26:A67 and click on Insert | Rows.
Then, copy cell C17 to the 50-by-51 range C17:AZ67. A binomial tree will form in the triangular
areafrom C17to AZ17 to AZ67.

2 At full-scale (50 periods), the binomial option price is very insensitive to the expected return of
the stock. For example, suppose that you calibrated this Amazon.com case to an annual expected
return of 10%. Just add 10%* F4 to the formulas for the up and down movements/ period. So the
up movement / period in cell F6 would become

=IF($B$11=1,10%* F4+B6* SQRT(F4),EX P(10%* F4+B6* SQRT(F4))-1) and the down
movement / period in cell F7 would become =IF($B$11=1,10%* F4-

B6* SQRT(F4),EXP(10%* F4-B6* SQRT(F4))-1). This changes the option price by less than
1/100th of one penny! In the (Black Scholes) limit as the number of (sub)periods goesto infinity,
the option price becomes totally insensitive to the expected return of the stock. Because of this
insensitivity, the conventions for calculating the up movement / period and down movement /
period ignore the expected return of the stock.



FIGURE 17.11 Spreadsheet of Binomial Option Pricing - Full-Scale Real Data - Call (Continued).

2, | B | ¢ | b | E | F ¥ | oy | Az |

1 | BiINoMIAL OPTION PRICING [Full-Scale Real Data
2 Call |Continuous
2 |Inputs Outputs
4 | Option Type: 1=Call, 0=Put 1 Time ¥ Period .00y
5 |Stock Price Naovwy $102.50 Riskfree Rate F Period 0.04%
6 |Standard Dev (Annual) 56.07% g Movement § Periodd 7.53%
¥ |Rizkfres Rate (Annual) SA47% Daven Wovement fPeriod | -7 .00%
g |Exercize Price F100.00 Rizk Meutral Probakility | 45 .45%
9 |Time To Maturity (ears) 0.3556
10 |Mumber of Periods S0

Annualization Converition:
11 |1=Dizcrete, O=Continuous ]
12
13 Howr Maturity
14 Period 1] 1 2 3 4 48 49 50
15 Time 0.000 0.0o7 0.014 | 0.0 0.028 034 0.348 0.356
G5
B9 @ F2748 | F3315  F39E68 0 B4TAS | B3 .24082 $3,492.29  $5762E69
7o Fi804 | 22147 F2704 0 F3270 | F2,789.40 F3006.89  $3,240.75
il a7 | BV 62 | F21.75 | §2,395.93 F2557.07  §2739.35
e F1094 | $1377 | 2061532 F2223.98  §2395891
73 F5.25 | $1,769.28 F1,909.97 | §2061.24
74 ¥ 518 16353837  $1 78920
3 1,295.26 F1,403.458  $1,51663
fil=] F1,109.35 F1,200.33  F1,2958.15
7 045 .93 102465  $1,109.25
=] $504 &1 FET2ET Fo45.85
=) 652535 Fra1 .24 504 .55
(=10 576 65 FE27 A7 FE52.31
b= 485 .25 F520.27 F5TEED
a2 FA0E 1S 44 24 Fa8517
a3 $337.79 F370.71 F406.10
) §27E 6o F307 .11 Fa3v.7
a5 F227 40 F25210 F2rasy
(1] 18325 204 53 F227.41
a7 F144 .99 165539 F8317
g5 F111.59 127 .50 14491

10. Extend The Option Payoffs At Maturity to 50 Periods. Copy the old payoffs at maturity
starting in cell J69 and to the new payoffs at maturity range AZ69: AZ119.

11. Extend The Option Price Tree to 50 Periods. Copy cell B69 to the range B69:AY 118. A
binomial tree will form in the triangular areafrom B69 to AZ69 to AZ119.

We see that the Full-Scale Real Data model predicts an European call price of $22.61. Thisis only one
cent different that what the Black-Scholes model predicts given identical inputs! Now let's check the put.



FIGURE 17.12 Spreadsheet Model of Binomial Option Pricing - Full-Scale Real Data - Put Option.

& | B | ¢ | b | E | F a¥ | oAy | Az |

1 | BiINoMIAL OPTION PRICING [Full-Scale Real Data
2 Fut |Continuous
2 |Inputs Outputs
4 | Option Type: 1=Call, 0=Put ] Time ¥ Period .00y
5 |Stock Price Naovwy $102.50 Riskfree Rate F Period 0.04%
6 |Standard Dev (Annual) 56.07% g Movement § Periodd 7.53%
¥ |Rizkfres Rate (Annual) SA47% Daven Wovement fPeriod | -7 .00%
g |Exercize Price F100.00 Rizk Meutral Probakility | 45 .45%
9 |Time To Maturity (ears) 0.3556
10 |Mumber of Periods S0

Annualization Converition:
11 |1=Dizcrete, O=Continuous ]
12
13 Howr Maturity
14 Period 1] 1 2 3 4 48 49 50
15 Time 0.000 0.0o7 0.014 | 0.0 0.028 034 0.348 0.356
16
17 Stock F102.50 F11022 F11851 12744 | B13703 | 35334075 359225  $556269
15 FO5.32 F10250 F110.22  $1851 | $2,589.353 F3,106.85  $3,340.75
19 $35 .63 | $95.3532 | $102.50 | §2,495.91 F2657.04  F2 563933
20 Fo2.44 | 5565 | $2161.24 F2,323.95  §249589
| FYE67 | $1,869.20 F2009935  F2161.24
22 ¥ E1EES F1,7538.35  $1,869.20
23 1,395.15 F1,503.44  §1 61663
24 ¥1,209.25 F1,300.29  §1,3958.15
25 1,04585 F1,124.59  F1,209.25
25 Fo04 53 FI7263 | 104585
27 F752.3 $541 .20 Fa04 .55
25 FE7E 6O F727 A5 Fraz23
29 FEB5AT FE20.23 FETE.EO
30 FS0E10 544 .20 F58517
H F4357.71 F4T0 6T Fa06.10
32 FaTe a7 407 .07 F437.71
33 F327 41 $352.05 Favasy
34 F2E3AT $304 40 Fa327.41
) F244 11 F265.55 F28317
36 F211.82 F227 76 F244 .91

12. Put Option. Enter Oin cell B4.

FIGURE 17.13 Spreadsheet of Binomial Option Pricing - Full-Scale Real Data - Put (Continued).



2, [ B [ ¢ | o | E | F &% P | 2F |

1 | BiNomiaL OPTION PRICING [Full-Scale Real Data
2 Put Continuous
3 |Inputs Outputs
4 |Option Type: 1=Call, 0=Put ] Time ¥ Period 0.o07
5 |Stock Price Maowy $102.50 Rizkfree Rate ¥ Periodd 0.04%
& |Standard Dev (Annual) 86.07% g Movemerit § Period 7A3%
7 |Rizkfree Rate (Annual) 247% Dawyn Movement fPeriod | -7 .00%
8 |Exercize Price F100.00 Rizk Meutral Probakility | 45 .45%
9 |Time To Maturity (ears) 0.3556
10 [Mumber of Periods a0

Annualization Convertion:
11 [1=Discrete, O=Continuous 1]
12
13 How Maturity
14 Period 1] 1 2 3 4 48 49 50
15 Time 0.000 0.007 0.014 | 0.0 0.028 031 0.348 0.356
B5
g9 M 538 273 $044 $5.35 F0.00 F0.00 F0.00
il 2083 782 P15M F12.41 F0.00 F0.00 F0.00
Fil F23E7 | F2043  E174E F0.00 F0.00 F0.00
72 F2EE68  F2335 F0.00 F0.00 F0.00
s §29.54 F0.00 F0.00 F0.00
w4 F0.00 F0.00 F0.00
75 F0.00 F0.00 F0.00
7E F0.00 F0.00 F0.00
fil F0.00 F0.00 F0.00
=] F0.00 F0.00 F0.00
g F0.00 F0.00 F0.00
a0 F0.00 F0.00 F0.00
a1 F0.00 F0.00 F0.00
g2 F0.00 F0.00 F0.00
a3 F0.00 F0.00 F0.00
a4 F0.00 F0.00 F0.00
&5 F0.00 F0.00 F0.00
g5 F0.00 F0.00 F0.00
a7 F0.00 F0.00 F0.00
a5 F0.00 F0.00 F0.00

We see that the Full-Scale Real Data model predicts an European put price of $18.18. This is only one
cent different that what the Black-Scholes model predicts given identical inputs! The accuracy of the
binomial model can be increased to any desired degree by increasing the number of periods. Whereas the
Black Scholes model (and its natural extensions) is limited to a narrow range of derivatives, the Binomial
Option Pricing model can be extended to price any derivative security (any type, any underlying asset(s),
any underlying cash flows, any derivative payoffs).

Problems

Skill-Building Problems.

1. The current stock price of a company is $37.50, the potential up movement / period of the stock
price is 22.0%, the potential down movement / period of the stock price is -13.00%, the riskfree
rate is 4.0% per period, the exercise price of an one-period, European call option on the stock is
$39.00, the exercise price of an one-period, European put option on the stock is $39.00, the time



to maturity for both options is 0.58 years, and the number of periods for both options is 1.
Determine the replicating portfolio and the current prices of the call and put.

The current stock price of a company is $23.75, the potential up movement / period of the stock
price is 27.0%, the potential down movement / period of the stock price is -9.00%, the riskfree
rate is 5.0% per period, the exercise price of an European call option on the stock is $22.00, the
exercise price of an European put option on the stock is $22.00, the time to maturity for both
options is 0.39 years, and the number of periods for both options is 8. Determine the replicating
portfolio on each date and the current prices of the call and put.

The current stock price of a company is $43.25, the potential up movement / period of the stock
price is 19.0%, the potential down movement / period of the stock price is -14.00%, the riskfree
rate is 4.0% per period, the exercise price of an European call option on the stock is $45.00, the
exercise price of an European put option on the stock is $45.00, the time to maturity for both
options is 0.83 years, and the number of periods for both options is 8. Determine the risk neutral
proability and the current prices of the call and put.

Collect Cisco Systems' historical stock prices from Yahoo Finance! From the financial media,
collect the current stock price of Cisco Systems, the exercise price of an European call option on
Cisco Systems, the exercise price of an European put option on Cisco Systems, the time to
maturity for both options, and the yield on a riskfree Treasury Bill maturing as close as possible
to the maturity date of the options. Determine:

(a) What isthe annua standard deviation of Cisco Systems stock?

(b.) What istherisk neutral probability and the current prices of the call and put under the
continuous annualization convention?

(c.) What istherisk neutral probability and the current prices of the call and put under the
discrete annualization convention?

Skill-Extending Problems.

5.

11.

Extend the Binomial Option Pricing model to incorporate a $2.00 / share dividend that will be
paid out in period 5. In other words, all of the period 5 stock prices will be reduced by $2.00.
Determine the current prices of the call and pui.

Extend the Binomial Option Pricing model to analyze Digital Options. The only thing which
needs to be changed is the option’s payoff at maturity.
(a) For aDigital Cal, the Payoff At Maturity = $1.00 When Stock Price At Mat > Exercise Price

Or $0.00 Otherwise.
(b.) For aDigita Put, the Payoff At Maturity = $1.00 When Stock Price At Mat < Exercise Price
Or $0.00 Otherwise.

Extend the Binomial Option Pricing model to determine how fast the binomial option price
converges to the price in the Black Scholes Option Pricing model. Reduce the Full-Scale model to
a 10 period model and to a 20 period model. Increase the 50 period model to a 100 period model.
Then for the same inputs, compare call and put prices of the 10 period, 20 period, 50 period, 100
period, and Black-Scholes models.



12. Extend the Binomia Option Pricing model to determine how fast the binomial option price with
averaging of adjacent odd and even numbers of periods converges to the price in the Black
Scholes Option Pricing. As you increase the number of periods in the binomial model, it
oscillates between overshooting and undershooting the true price. A simple technique to increase
price efficiency is to average adjacent odd and even numbers of periods. For example, average
the 10 period call price and the 11 period call price. Reduce the Full-Scale model to a 10 period,
11 period, 20 period, and 21 period model. Increase the 50 period model to a 51 period, 100
period, and 101 period model. Then for the same inputs, compare call and put prices of the
average of the 10 and 11 period models, 20 and 21 period models, 50 and 51 period models, 100
and 101 period models, and Black-Scholes model.

Liveln-class Problems.

13. Given the partial Single Period spreadsheet BinosinZ.xls, do steps 4 Option Payoffs at
Maturity, 5 Create a Replicating Portfolio, and 6 Calculate the Option Price Now.

14. Given the partial Multi-Period spreadsheet BinomulZ .xls, do step 7 The Option Price Tree.

15. Given the partial Risk Neutral spreadsheet BinoneuZ.xls, do step 2 Risk Neutral Probability
and 3 The Option Price Tree.

16. Given the partial Full-Scale Real Data spreadsheet BinofulZ.xls, do step 7 Calculate the New
Outputs.

18 Black Scholes Option Pricing
18.1 Basics

Problem. On December 13, 1999, the stock price of Amazon.com was $102.50, the continuous annual
standard deviation was 86.07%, the yield on ariskfree Treasury Bill maturing on April 20th was 5.47%,
the exercise price of an April 100 European cal on Amazon.com was $100.00, the exercise price of an
April 100 European put on Amazon.com was $100.00, and the time to maturity for both April 21st
maturity options was 0.3556 years. What are the current prices of the call and put?

FIGURE 18.1 Spreadsheet for Black Scholes Option Pricing - Basics.



2, [ B [ ¢ | D [ E ]
1 | BLacK ScHoLEs OPTION PRICING  Basics
2
3 |Inputs
4 |Stock Price Mow (P F102.50
S |Standard Dev - Annual (F) 56.07%
6 |Riskfree Rate - Annual (kgel 5.47%
¥ |Exercize Price (¥ F100.00
g |Time To Maturity - Years (1) 0.3556
9
10 | Outputs
11 |di 0.343
12 |2 -04T
13 |MCe) 0634
14 |MH2) 0432
15 | Call Price ()
16
17 |- -0.343
16 |-d2 017
19 |M(-cH ) 0.366
20 |M(-d2) 0.568
21 |Put Price

How To Build This Spreadsheet M odel.

1

I nputs. Enter the inputs described above into the range B4:B8.

d1 and d2 Formulas. The d, formulais (In(P/X)+(kRF +02/2) [ﬂ)/(U B/f) In cell B11,

enter
=(LN(B4/B7)+(B6+B5"2/2)*B8)/(B5* SQRT (BS)).
Thed, formula is d, ~oit. In
=B11-B5* SQRT(BS).

cell B12, enter

Cumulative Normal Formulas. Enter N(dl) using the cumulative norma function
NORMSDIST in cdl B13 =NORMSDIST(B11). Copy the cell B13 to cell B14 or enter
N(dz) using the cumulative normal function NORM SDI ST in cell B14 =NORM SDIST(B12).
Black-Scholes  call

European Call Price Formula.  The formula s

V =PN(d,)-Xe™*'N(d,). Incell B15, enter
=B4*B13-B7*EXP(-B6*B8)*B14

We see that the Black-Scholes model predicts an European call price of $22.60. Thisis only one
cent different that what the Binomia Option Pricing - Full-Scale Rea Data model predicts given
identical inputs! Now let's do the put.

-d1 and -d2 Formulas. For the labels, enter '-d1in A17 and '-d2 A18. The' tells Excel that it is
alabel, not aformula. For the two put formulaterms, they are just opposite in sign from their call
formula  counterparts. Enter =-B11 in B17 and =-B12 in B18.



6. Cumulative Normal Formulas. Enter N(—dl) using the cumulative normal function
NORMSDIST in cell B19

=NORM SDIST(B17)

Copy the cell B19 to cell B20 or enter N(-d,) using the cumulative normal function
NORMSDIST incel B20

=NORM SDI ST(B18)

7. European Put Price  Formula. The Black-Scholes  put  formula s
Put = -PN (-d,) +Xe"='N(-d,). Incell B21, enter

=-B4*B19+B7*EXP(-B6*B8)*B20
We see that the Black-Scholes model predicts an European put price of $18.17. This is only one cent
different that what the Binomial Option Pricing - Full-Scale Real Data model predicts given identical

inputs! The advantage of the Black Scholes model (and its natural extensions) isthat it is quick and easy
to calculate, but the disadvantage isthat it islimited to a narrow range of derivatives.

18.2 Continuous Dividend

Problem. Amazon.com doesn't pay a dividend, but suppose that it did. Specifically, suppose that
Amazon.com paid dividends in tiny amounts on a continuous basis throughout the year at a 3.00% / year
rate. What would be the new price of the April 100 European call and April 100 European put?

Solution Strategy. Modify the Basics spreadsheet to incorporate the continuous dividend version of the
Black Scholes model.

FIGURE 18.2 Spreadsheet for Black Scholes Option Pricing - Continuous Dividend.



A |l 8 [ ¢ [ o | e [ F | & | H |
1 | BLACK ScHoLEs OPTION PRICING Continuous Dividend
2
3 |Inputs
4 |Stock Price Mow (P F102.50
5 |Standard Dev - Annual (3 86.07%
B |Riskfree Rate - Annual (keel 5.47%
¥ |Exercize Price (X F100.00
g |Time To Maturity - Years (1) 0.3556
g |Dividend yield (d) 3.00%
10
11 | Outputs
12 | 0322
13 |d2 -0.19
14 M1 0.E25
15 |Mid2) 0.424
16 | Call Price (v)
17
18 |- -0.322
19 |-d2 0191
200 |ME-ci1) 0.374
21 |Mi-dd2) 0.575
22 |Put Price

How To Build This Spreadsheet M odel.
1. Start with the Basics Spreadsheet, Add A Row, and Enter The Dividend Yield. Open the
spreadsheet that you created for Black Scholes Option Pricing — Basics and immediately save the

spreadsheet under a new name using the File| Save As command. Add a row by selecting the
cell A9 and clickingon Insert | Rows. Enter the dividend yield in cell A9.

2. Modify the d1 Formula. In the continuous dividend version, the d; formula is modified by
subtracting the continuous dividend yield d in the numerator. The new d, formula is

(In(P/X)+ (ke —d +0?12) @)/ (0 ). In cell B12, enter
=(LN(B4/B7)+(B6-B9+B5" 2/2)* B8)/(B5* SQRT (B8))

3. Modify the Call Price.  Formula. The  modified  call formula is
V =Pe“N(d,)-Xe**'N(d,) whered isthe continuous dividend yield. In cell B16, enter

=B4*EXP(-B9*B8)*B14-B7*EXP(-B6*B8)*B15

We see that the Black-Scholes Option Pricing - Continuous Dividend model predicts an European
call price of $21.91. Thisisadrop of 69 cents from the no dividend version. Now let's do the puit.

4. Modify the  Put Price  Formula. The  modified put  formula s
Put = —Pe™*N(—d,) +Xe™*'N(d,). Incell B22, enter

=-B4*EXP(-B9*B8)* B20+B7* EXP(-B6*B8)*B21



We see that the Black-Scholes model predicts an European put price of $18.57. This is arise of 40 cents
from the no dividend version.

18.3 Dynamic Chart

If you increased the standard deviation of the stock, what would happen to the price of the call option? If
you increased the time to maturity, what would happen to the price of the call? You can answer these
questions and more by creating an Dynamic Chart using “spinners.” Spinners are up-arrow / down-arrow
buttons that allow you to easily change the inputs to the model with the click of a mouse. Then the
spreadsheet recal culates the model and instantly redraws the model outputs on the graph.

FIGURE 18.3 Spreadsheet modd for Black Scholes Option Pricing - Dynamic Chart - Call Option.
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8 |Time To Maturity - “ra (1) n40|_x || 4 50 " /
19.3 £0 £50 100 $150 g200
» Stock Price Now
12 |Dynamic Chart Outpurts
13 |Stock Price Mowe (P FO.01 F20.00 F40.00 F60.00 FS0.00) F10000 F12000) F4000 F160.00
14 | Option Price [ sooo] sooz] sosa]  $466] $1230] $2540] $3716]  $5252] $E9E1]
15 |Intrinzic “alue
16
17 | 15515 -2.483 1274 -0.565 -0.064 0327 0647 09y 1.151
15 |d2 -16.5386 -3.064 -1.544 -1.135 -0.654 -0.243 0.076 0.347 0581
19 |[Mid1) 0000 0008 04Mm 0.2a5 0.475 0.E25 0741 0.520 0.875
20 Mgy 0000 oo oo 0127 0.263 0.404 0.530 0.E36 0.9
21 | Call Price (%) jo.0o F0.02 F0.55 F4 .66 12300 $2340 §37160  $52820  §69.81
22
23 |-t 15.815| 2493 1.279 0565 0.064 -0.327 -0.647 0.7 -1.151
24 |-d2 16.386| 3064 1.840 1138 0634 0.243 -0.076 -0.347 -0.581
25 |Mi-cd1) 1.000 08394 0599 0715 0.525 0372 0.259 0180 0125
26 |Mi-cd2) 1.000 0293 0965 0.E73 0737 0596 0.470 0.564 028
27 |Put Price FO7 B |77 B4 | F55.50 F42.28 F2002 FM.02 473 F044 3743

How To Build This Spreadsheet M oddl.

1. Start with the Basics Spreadsheet, Rearrange the Rows, and Add A Switch. Open the
spreadsheet that you created for Black Scholes Option Pricing — Basics and immediately save the
spreadsheet under a new name using the File | Save As command. Add six rows by selecting the
range A11:A16, clicking on Insert | Rows. Select the range A4:B4 and drag the range (hover the



cursor over the lower highlighted line, click on the left mouse button, and hold it down while you
move it) to cell A13. Enter 1 in cell B4. This will serve as a switch between a call option and a
put option. To highlight which type of option is being graphed, enter =I F($B$4=1," Call" " Put")
incell 1.

Increase Row Height for the Spinners. Select the range A4:A8. Then click on Format | Row |
Height from the main menu. Enter a height of 30 and click on OK.

Display the Forms Toolbar. Select View | Toolbars| Forms from the main menu.

Create the Spinners. Look for the up-arrow / down-arrow button on the Forms toolbar (which
will display the word “Spinner” if you hover the cursor over it) and click on it. Then draw the
box for a spinner from the upper left corner of cell C4 down to the lower right corner of the cell.
Then a spinner appears in the cell C4. Right click on the spinner (press the right mouse button
while the cursor is above the spinner) and a small menu pops up. Click on Copy. Then select the
cell C5 and click on Paste. This creates an identica spinner in the cell C5. Repeat the process
three times more. Select cell C6 and click on Paste. Select cell C7 and click on Paste. Select cell
C8 and click on Paste. Y ou now have five spinners down column C.

Create The Cdll Links. Right click on the first spinner in the cell C4 and a small menu pops up.
Click on Format Control and a dialog box pops up. Click on the Control tab, then enter the
cell link D4 in the Cell link edit box and click on OK. Repeat this procedure for the other four
spinners. Link the spinner in cell C5 to cell D5. Link the spinner in cell C6 to cell D6. Link the
spinner in cell C7 to cell D7. Link the spinner in cell C8 to cell D8. Test your spinners by
clicking on the up-arrows and down-arrows of the spinners to see how they change the valuesin
thelinked cells.

Create Scaled Inputs. The valuesin the linked cells are aways integers, but they can be scaled
appropriately to the problem at hand. Restrict the value in cell B4 to be either 1 or O by entering
=IF(D4>1,1,D4). In cell B5, enter =D5/10+0.001. In cell B6, enter =D6/100. In cell B7, enter
=D7. In cell B8, enter =D8/10+0.001. The additional terms +0.001 in cells B5 and B8, prevent
the scaled value from going to zero when the linked cell goes to zero. When the standard
deviation or atime to maturity literally became zero, then the Black Scholes call and put formulas
blow-up.

Create Stock Price Inputs. In the range B13:L 13, enter the values 0.01, 20, 40, 60, ..., 200. In
cell M13, enter 0.01. Incell N13, enter =B7. In cell O13, enter =L 13.

Convert The Input Cell References To Absolute References. In order to convert the input cell
references contained in theformulasin cells B17, B18, B21, and B27 to absolute references. That
is, put $sin front of any references to the input cells in the range B4:B8. When you are done, the
formula in cell B17 will look like
=(LN(B13/$B$7)+($B$6+$BS5" 2/2)* $B$8)/($B$5* SQRT ($B$8)). Cell B18 will look like
=B17-$B$5* SQRT($B$8). Cell B21 will look like =B13*B19-$B$7* EXP(-$B$6* $B$8)* B20.
Cell B27 will look like =-B13* B25+$B$7* EXP(-$B$6* $B$8)* B 26.

Copy The Formulas. Select the formulas in the range B17:B27 and copy them to the range
C17:027.



10. Option Price. Reference the Call Price or the Put Price depending on which type of option is

selected in cell B4. Enter =IF($B$4=1,B21,B27) in cell B14 and copy the cell to the range
Cl4:L14.

11. Add Thelntrinsic Value. If the option was maturing now, rather than later, its payoff would be:

For acall, Max (Stock Price Now - ExercisePrice, 0).

For a put, M ax (Exercise Price - Stock Price Now, 0).

This is the so-called “Intrinsic Value” of the option. In cell M15, enter the formula
=IF(B4=1,MAX(M13-$B$7,0), MAX($B$7-M 13,0)) and copy this cell to the

range N15:015.

FIGURE 18.4 Option Priceand Intrinsic Value.
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12. Graph the Option Price and Intrinsic Value. Select the range B13:O15. Next choose Insert |

Chart from the main menu. Select an XY (Scatter) chart type and make other selections to
compl ete the Chart Wizard. Place the graph in the range E2:J11.

FIGURE 18.5 Spreadsheet modd for Black Scholes Option Pricing - Dynamic Chart - Put Option.
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Y our Dynamic Chart allows you to change Black-Scholes inputs and instantly see the impact on a graph
of the option price and intrinsic value. This alows you to perform instant experiments on the Black-
Scholes option pricing model. Below isalist of experiments that you might want to perform:

«  What happens when the standard deviation isincreased?

»  What happens when the time to maturity is increased?

«  What happens when the exercise price isincreased?

«  What happens when the riskfree rate is increased?

»  What happens when the dividend yield is increased?

«  What happens when the standard deviation isreally close to zero?
«  What happens when the time to maturity isreally close to zero?

Notice that the Black-Scholes option price is usualy greater than the payoff you would obtain if the
option was maturing today (the “intrinsic value’). This extra value is called the “Time Vaue’ of the
option. Given your result in the last experiment above, can you explain why the extra value is called the
“Time Vdue'?

18.4 Implied Volatility



Problem. On December 14, 1999, the S& P 500 index closed at 1,403. European call and put options on

the S& P 500 index with the exercise prices show below traded for the following prices:

Exercise price 1,350 1,375 1,400 1,425 1,450
Call price $81 $66 1/4 $46 $31 $19 1/4
Put price $18 $23 5/8 $30 1/2 $41 1/2 $55

These call options mature on January 21, 2000 (the third Friday of January). The S& P 500 portfolio pays
a continuous dividend yield of 1.18% per year and the annual yield on a Treasury Bill which matures on
January 20" is5.34% per year. What is theimplied volatility of each of these calls and puts? What pattern
do theseimplied volatilities follow across exercise prices and between calls vs. puts?

Solution Strategy. Calculate the difference between the observed option price and the option price
predicted by the continuous dividend yield version of the Black-Scholes model using a dummy value for
the stock volatility. Have the Excel Solver tool adjust the stock volatility by trial and error until the
difference between the observed price and the model price is equa to zero (within a very small error
tolerance).

FIGURE 18.6 Spreadsheet for Black Scholes Option Pricing - Implied Volatility.

How To Build This Spreadsheet M odel.

A | 8 [ ¢ ] o | E ] F [ & [ H [ 1t [ 4 ] K |
1 | BLACK ScHOLES OPTION PRICING  Implied Volatility
2
3 |Inputs
4 |Cption Type: 1=Call, 0=Put 1 1 1 1 1 i i 0 i i
5 |Stock Price Mow (P) §1,403| §1,403| $1,403] $1,403| $1,403] $1 403 | $1,403| $1,403] §1 403 [ §1 403
B |Stancard Dev - Annual (5) | 5.34% [ 534%] 534%] 534%[ 5349 534%] 534%] 534%) 534%( 534%
7 |Riskiree Rate - Annual (kee)| $1,350| $1,375| $1,400| $1,425| §1,450| §1,350| $1,375| $1,400( §1,425| $1 450
8 |Exercize Price (¥) 01028] 01023 01028 01028] 01028] 01028 01028) 01028] 01028] 010238
9 |Dividend yield () 118% | 148%) 108 148 1a8%] 1189 118 1a8] 118%] 118%
10 |Obzerved Option Price F81.00| $66.25) $46.00) $31.00]) $19.25) $18.00| $23 63| $30.50( $41.50( f55.00
11
12 | Outputs
13 o 0556 03290 0425 0129 04139 0612 03389 0436 -0161 -0.504
14 |dz 0472 0244 0051 0193 0482 0537 0320 0073 0219 0558
15 |Mid1) 0711 0F29) 0550 0448 0338 0730 0651 0554 0438 0307
16 |MNid2) 0682 0596 0520 0422 0315 0704 0625 0529 0413 0288
17 |Call Price () $51.00 §66.25 $46.00 $31.00 $19.25 F76.86 F57.62 $3963 $2577 4.4
18
19 | -1 0556 -0329) 0125 0129 0419 -0612| 0389 -04136 0161 0504
20 |-d2 0472 0244 0051 0198 0482 -0537| 0320 -0073 029 0558
21 |Mi-di1) 0289 0371 0450 0552 0662 0270 0349 0446 0564 0693
23 |Pi-c2) 038 0404 0480 0575 0685 0296 0375 0471 0587 0712
23 |Put Price F2214| $32.25 F36.87 F4673 $59.84 F18.00 F23E2 $30.50 F41.50 F55.00
24
25 |Solver
25 |Differ (obzerved - model) 4E-07 | IE-0% 9OE-07 2E08 1E-OF FE-08 7FE-08 1E08 8E-07 1E-OT
27 |Implied volatiity from Calz  [26.03% 26 73% [ 25019 21 285t [19.76%
28 |Implied v olatilty from Puts 23.30% |21 .60% [19.52% | 18.33% | 16.75% |




1. Start with the Continuous Dividend Spreadsheet, Rearrange The Rows, and Add A Switch.
Open the spreadsheet that you created for Black Scholes Option Pricing — Continuous Dividend
and immediately save the spreadsheet under anew name using the File | Save As command. Add
arow by selecting the cell A4 and clicking on Insert | Rows. Select the range A6:B6 and drag
the range (hover the cursor over the lower highlighted line, click on the left mouse button, and
hold it down while you move it) to cell A27. Select the range A7:B10 and drag the range to cell
A6. Enter Lincell B4. Thiswill serve as a switch between a call option and a put option.

2. Enter the January 1,350 Call Inputs. Enter the inputs for the January 1,350 Call in the range
B4:B9 and enter the observed option price for the January 1,350 Call thein cell B10.

3. Difference (Observed —Model). The Difference (Observed - Modél) is:
Observed Option Price - Model Call Pricefor a Call Option
Observed Option Price - Model Put Price for a Put Option.
Enter =IF(B4=1,B10-B17,B10-B23) in cell B26.

4. Copy the Entire Column over Nine More Columns. Select the range B4:B27 and copy it to the
range C4:K 27.

5. Enter the Options Inputs. In the range B4:F27, enter the inputs for the five call options. In the
range G4:K 27, enter the inputs for the five put options. Select the put volatilities in the range
G27:K 27 and drag the range down to cell G28.

6. Call Up Excel Solver. From Excel’s main menu, click on Tools and then Solver. (If you don't
see Solver on the Tools Menu, then click on Tools | Add-Ins, check the Solver Add-In box, and
click on OK.)

7. Set-up Solver. In the Solver dialog box, enter cell B26 as the Set Target Cell. In the Equal to
row, click on the option button for Value of and enter O in the adjacent box. Enter cell B27 as the
By Changing Cell. See figure below.

FIGURE 18.7 Solver dialog box.
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8. Run Solver. Click on the Solve button.



10.

By tria and error, the Solver adjusts the value of the Implied Volatility in cell B27 until the
Difference (Observed — Model) in cell B26 equals zero (within avery small error tolerance). This
results in an implied volatility of 26.03%. Y our results may differ by a slight amount (usually
only in the second decimal) depending on Solver's error tolerance.

Repeat. Repeat steps 7 and 8 to solve the problemsin columns D, E, ..., K.

Graph the Implied Volatilities Across Exercise Prices and Option Types. Highlight the range
B7:K7, then hold down the Control button and (while still holding it down) select the range
B27:K28. Next choose Insert | Chart from the main menu. Select an XY (Scatter) chart type
and make other selectionsto complete the Chart Wizard.

FIGURE 18.8. Graph of the" Scowl” Pattern of Implied Volatilities.
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If the market’s beliefs about the distribution of returns of the S&P 500 Index matched the theoretical
distribution of returns assumed by the Black-Scholes model, then all of the implied volatilities would be
the same. From the graph we see thisis not the case. The implied volatility pattern declines sharply with
the exercise price and puts have lower implied volatilities than calls. In the ‘' 70s and ‘80s, the typical
implied volétility pattern was a U-shaped, “Smile” pattern. Since the ‘90s, it is more typical to see a
downward-sloping, “ Scowl!” pattern.

Problems

Skill-Building Problems.

1. The current stock price of a company is $54.50, the continuous annua standard deviation was

53.00%, the exercise price of an European call on the stock is $58.00, the exercise price of an
European put on the stock is $58.00, the time to maturity for both options is 0.43 years, and the
yield on ariskfree Treasury Bill maturing on the same date at the optionsis 6.72%. Determine the
current prices of the call and put.



2.

Perform instant experiments on whether changing various inputs causes an increase or decreasein
the Call Price and in the Put Price and by how much.

(a) What happens when the standard deviation is increased?

(b.) What happens when the time to maturity is increased?

(c.) What happens when the exercise price isincreased?

(d.) What happens when the riskfree rate isincreased?

(e)) What happens when the dividend yield isincreased?

(f.) What happens when the standard deviation isreally close to zero?

(9.) What happens when the time to maturity isreally close to zero?

The current stock price of a company is $39.25, the continuous annua standard deviation was
47.00%, the exercise price of an European call on the stock is $36.00, the exercise price of an
European put on the stock is $36.00, the time to maturity for both optionsis 0.82 years, the yield
on ariskfree Treasury Bill maturing on the same date at the options is 4.23%, and the continuous
dividend paid throughout the year at the rate of 2.40% / year rate. Determine the current prices of
the call and puit.

The S& P 500 index closes at 2000. European call and put options on the S& P 500 index with the
exercise prices show below trade for the following prices:
Exerciseprice [1,950 1,975 |2,000 2,025 2,050
Call price $88  |$66 $47 $33 $21
Put price $25  |$26 $32 $44 $58
All options mature in 88 days. The S& P 500 portfolio pays a continuous dividend yield of 1.56%
per year and the annual yield on a Treasury Bill which matures on the same day as the options is
4.63% per year. Determine what is the implied volatility of each of these calls and puts. What
pattern do these implied volatilities follow across exercise prices and between calls vs. puts?

Live In-class Problems.

17.

18.

19.

20.

19

Given the partial Basics spreadsheet BsoptbaZ.xls, complete step 2 d1 and d2 Formulas, 3
Cumulative Normal Formulas, and 4 European Call Price Formula.

Given the partid Continuous Dividend spreadsheet BsoptdiZ.xls, do steps 2 Modify the d1
Formula, 3 Modify the Call Price Formula, and 4 M odify the Put Price Formula.

Given the partial Dynamic Chart spreadsheet BsoptdyZ.xls, do steps 10 Option Price and 11
Add thelIntrinsic Value.

Given the partial Implied Volatility spreadsheet BsoptimZ.xls, do steps 6 Call Up Excel Solver,
7 Set-up Solver, 8 Run Solver, and 9 Repeat.

Debt And Equity Valuation

19.1 Two Methods



Problem. The Value of the Firm (V) is $340 million, the Face Value of the Debt (B) is $160 million, the
time to maturity of the debt (t) is 2.00 years, the riskfree rate (K- ) is 5.0%, and the standard deviation of

the return on the firm's assets (o) is 50.0%. There are two different methods for valuing the firm’s equity
and risky debt based in an option pricing framework. Using both methods, what the firm's Equity Value
(E) and Risky Debt Value (D)? Do both methods produce the same result?

Solution Strategy. In the first method, equity is considered to be acall option. Thus, E = Call Price. For
this call option, the underlying asset is the Value of the Firm (V) and the exercise price is the face value
of the debt (B). Hence, the call price is calculated from the Black-Scholes call formula by substituting V
for P and B for X. Therational isthat if V > B, then the equityholders gain the net profit V-B. However,
if V < B, then the equityholders avoid the loss by declaring bankruptcy, turning V over to the debtholders,
and walking away with zero rather than owing money. Thus, the payoff to equityholdersis Max (V - B,
0), which has the same payoff form as a call option. Further, we can use the fact that Debt plus Equity
equals Total Value of Firm (D + E=V) and obtainthevalueof debt D=V -E=V - Cdl.

In the second method, Risky Debt is considered to be Riskfree Debt minus a Put option. Thus, D =
Riskfree Debt - Put. For this put option, the underlying asset is aso the Vaue of the Firm (V) and the
exercise price is aso the face value of the debt (B). Hence, the put price is calculated from the Black-
Scholes put formula by substituting VV for P and B for X. Therational is that the put option is a Guarantee
against default in repaying the face value of the debt (B). Specificdly, if V > B, then the equityholders
repay the face value B in full and the value of the guarantee is zero. However, if V < B, then the
equityholders only pay V and default on the rest, so the guarantee must pay the balance B - V. Thus, the
payoff on the guarantee is Max (B - V, 0), which has the same payoff form as a put option. Further, we
can use the fact that Debt plus Equity equals Total Value of Firm (D + E =V) and obtain E =V - Risky
Debt =V - (Riskfree Debt - Put).

FIGURE 19.1 Spreadsheet for Stocksand Risky Bonds.



A, [ 8 [ ¢ | o | E I F | & |
1 |DEBT AND EQUITY VALUATION Two Methods
2
3 |Inputs
4 |“alue of Firm (%) F340.00
2 |Firm Azzet Std Dev () 20.0%:
B |Risk-free Rate (kee) 5.0%
¥ |Face Value of Dekt (B) F160.00
g |Time to Maturity (1) 2.00
4
10 | Outputs
11 |d1 1.561
12 |d2 0.554
135 |Mid1) 0541
14 |Mid2) 0.503
15 |Call Price F203.54
16
17 |-t -1.561
15 [-d2 -0.854
19 |M(-c1) 0.059
200 |ME-ci2) o1ay
21 |Put Price $5.31
22 |Rizkfree Dekbt Yalue 144 77
23
24 Method One: Method Two:
25 Equity is a Call Risky Debt is Riskfree Debt minus Put
26
27 |Equity Yalue (E) = Call F203.54 = - Rizkfree Dekt + Put | $205.54
28
29 |Risky Debt Yalue (D) =% - Call [ §1 3646 = Riskfree Debt - Put ¥ 35.4E|
30
3 | Total Walue of Firm (%) =4 34000 =4 F340.00

How To Build Your Own Spreadsheet Model.

1. Start with the Black Scholes Option Pricing - Basics Spreadsheet and Change the Inputs.
Open the spreadsheet that you created for Black Scholes Option Pricing — Basics and immediately
save the spreadsheet under a new name using the File | Save As command. Relabel the inputsin
the range A4: A8 and enter the new inputs values into the range B4: B8.

2. Riskfree Debt Value. The present value of riskfree debt paying B at maturity is Be™ =", Enter
=B7*EXP(-B6*B8) incell B22.

3. Method One. Based on the first method:
o Equity = Cdl Price. Enter =B15 in cell C27.
o Risky Debt =V —Call Price. Enter =B4-B15 in cell C29.
o Tota Value = Equity + Risky Debt. Enter =C27+C29 in cell C31.

4. Method Two. Based on the second method:
o Equity =V —Riskfree Debt Value + Put Price. Enter =B4-B22+B21 in cell F27.
o Risky Debt = Riskfree Debt Value — Put Price. Enter =B22-B21 in cell F29.
o Tota Value = Equity + Risky Debt. Enter =F27+F29 in cell F31.



Both methods of doing the calculation find that the Equity Value (E) = $203.54 and the Risky Debt Vaue
(D) = $136.46. We can verify that both methods should always generate the same results. Consider what
we get if we equate the Method One and Method Two expressions for the Equity Vaue (E): Call Price =
V — Riskfree Bond Value + Put Price. You may recognize this as a alternative version of Put-Call
Parity. The standard version of Put-Call Parity is: Call Price = Stock Price - Bond Price + Put Price. To
get the aternative version, just substitute V for the Stock Price and substitute the Riskfree Bond Value for
the Bond Price. Consider what we get if we equate the Method One and Method Two expressions for the
Risky Debt Vaue (D): V - Call Price = Riskfree Bond - Put Price. Thisis simply a rearrangement of
the alternative version of Put-Call Parity. Since Put-Call Parity is always true, then both methods of
valuing debt and equity will always yield the same results!

19.2 Impact of Risk

Problem. What impact does the firm's risk have upon the firm's Debt and Equity valuation? Specifically,
if you increased Firm Asset Standard Deviation, then what would happen to the firm’'s Equity Value and
Risky Debt Value?

Solution Strategy. Create a Data Table of Equity Vaue and Risky Debt Value for different input values
for the Firm's Asset Standard Deviation. Then graph the results and interpret it.

FIGURE 19.2 Spreadsheet of the Sensitivity of Equity Value and Risky Debt Value.
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How To Build This Spreadsheet M odel.

1. Start with the Debt and Equity Valuation - Two Methods Spreadsheet and Change the
I nputs. Open the spreadsheet that you created for Debt and Equity Vauation — Two Methods and
immediately save the spreadsheet under a new name using the File | Save As command.



2. Create A List of Input Values and Add Two More Output Formulas. Create a list of input
values for the Firm Asset Standard Deviation (30.0%, 40.0%, 50.0%, etc.) in the range C35:G35.
Add two more output formulas. One that references the firm's Equity Value (E) by entering the
formula =C27 in cell B36. Another that references the firm’s Risky Debt Vaue (D) by entering
theformula =C29 in cell B37.

3. Data Table. Select the range B35:G37 for the Data Table. This range includes both the list of
input values at the top of the data table and the two output formulas on the side of the data table.
Then choose Data | Table from the main menu and a Table dialog box pops up. Enter the Firm
Asset Standard Deviation cell B5 inthe Row Input Cell and click on OK.

4. Graph the Sensitivity Analysis. Highlight the range C36:G37 and then choose Insert | Chart
from the main menu. Select an XY (Scatter) chart type and make other selections to complete
the Chart Wizard.

Looking at the chart, we see that increasing the firm's asset standard deviation causes a wealth transfer
from debtholders to equityholders. This may seem surprising, but this is a direct consequence equity
being a call option and debt being V minus a call option. We know that increasing the standard deviation
makes a call more valuable, so equivalently increases the firm's asset standard deviation makes the firm's
Equity Value more valuable and reduces the Risky Debt Vaue by the same amount.

The intuitive rational for thisis that an increase in standard deviation alows equityhol ders to benefit from
more frequent and bigger increases in V, while not being hurt by more frequent and bigger decreases in
V. In the later case, the equityholders are going to declare bankruptcy anyway so they don’t care how
much V drops. Debtholders are the mirror image. They do not benefit from more frequent and bigger
increasesin V since repayment is capped at B, but they are hurt by more frequent and bigger decreasesin
V. In the latter case, the size of the repayment default (B — V) increases asV drops more.

The possibility of transferring wealth from debtholders to equityholders (or visa versd) illustrates the
potential for conflict between equityholders and debtholders. Equityholders would like the firm to take on
riskier projects, but debtholders would like the firm to focus on safer projects. Whether the firm
ultimately decides to take on risky or safe projects will determine how weslth is divided between the two
groups.

Problems

Skill-Building Problems.

1. The Vaue of the Firm (V) is $780 million, the Face Vaue of the Debt (B) is $410 million, the
time to maturity of the debt (t) is 1.37 years, the riskfree rate (K- ) is 3.2%, and the standard

deviation of the return on the firm's assets (o) is 43.0%. Using both methods of debt and equity
valuation, what the firm’'s Equity Value (E) and Risky Debt Value (D)? Do both methods produce
the same result?

2. Determine what impact an increase in the Firm Asset Standard Deviation has on the firm’s Equity
Value and Risky Debt Vaue.

Live In-class Problems.



3. Given the partial Two Methods spreadsheet DevaltwZ .xls, do step 3 Method One and 4 M ethod
Two.

4. Given the partial Impact of Risk spreadsheet DevalimZ.xls, complete step 2 Create A List of
Input Valuesand Add Two More Output Formulasand 3 Data Table.

20 Real Options
20.1 Using Black Scholes

Problem. You have the opportunity to purchase a piece of land for $0.4 million which has known
reserves of 200,000 barrels of oil. The reserves are worth $5.3 million based on the current crude oil price
of $26.50 per barrel. The cost of building the plant and equipment to develop the oil is $5.7 million, so it
is not profitable to devel op these reserves right now. However, development may become profitablein the
futureif the price of crude oil goes up. For ssimplicity, assume there isa single date in 1.0 years when you
can decide whether to develop the oil or not. Further assume that al of the oil can be produced
immediately. Using historical data on crude oil prices, you determine that the mean value of the reserves
is $6.0 million based on a mean value of the one-year ahead ail price of $30.00 per barrel and the standard
deviation 30.0%. The riskfree rate is 6.0% and cost of capita for a project of thistypeis 13.80%. What is
the project’'s NPV using the Black-Scholes call formula? What would the NPV be if you committed to
develop it today no matter what and thus, (incorrectly) ignored the option to develop the oil only if it is
profitable?

Solution Strategy. One year from now, you will develop the oil if it is profitable and won't develop it if it
is not. Thus, the payoff is Max (Vaue of the Reserves - Cost of Development, 0). Thisisidentical to the
payoff of a call option, where the Cost of Development is the Exercise Price and the Value of the
Reserves Now is the Asset Price Now. Calculate the NPV using the Black-Scholes call formula. Calculate
the NPV Ignoring Option projecting expected cash flows from developing the oil no matter whether it is
profitable or not and discounting these expected cash flows back to the present.

FIGURE 20.1 Spreadsheet for Real Options Using Black-Scholes.
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1 | REAL OPTIONS Using Black-Scholes
2
3 |Inputs
4 |Aszet Walue Mow (W) $5.30
5 | Azzet Value Std Dev - Annual (3 30.0%
6 |Riskfree Rate - Annual (ke 6.0%
¥ |Exercize Price (X $5.70
g |Time To Maturity - Years (1) 1.00
9 |Land Cost = Cost of Real Option F0.40
10 |Date 1 Expected Azset Value F6.00
11 [Dizcount Rate 13.80%
12
13 |[HPY Using Black-5choles
14 | 01
15 |d2 -019
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18 |MPY Using Black-Scholes
20
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22 |Date ] 1
23 |Expected Cazh Flovws (3 Milions) | (504007 $0.30
24 |Present %alue of Exp Cash Flovws (F0.40 F0.26
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How To Build Your Own Spreadsheet Model.

NPV Using Black-Scholes

1. Start with the Black Scholes Option Pricing - Basics Spreadsheet and Change the Inputs.
Open the spreadsheet that you created for Black Scholes Option Pricing — Basics and immediately
save the spreadsheet under a new name using the File| Save As command. Add three rows by
selecting the range A9:A11 and clicking on Insert | Rows. Then delete five rows by selecting
A20:A24, clicking on Edit | Delete..., selecting Entire Row, and click on OK. Relabel the input
labels in the range A4:A11 and enter the new inputs values into the range B4:B11. Lock in the
first eleven rows astitles by selecting cell A12 and clicking on Window | Freeze Panes.

2. NPV Using Black-Scholes. The NPV of the proposal to purchase the land is the difference

between the Value of the Real Option (as calculated by the Black-Scholes call formula) and the
Cost of the Real Option (equal to the cost of the land). Enter =B18-B9 in cell B19.

NPV |gnoring Option

3. Expected Cash Flows. The Date 0 Expected Cash Flow is a (negative) payment for the cost of
the land. Enter =-B9 in cell B23. The Date 1 Expected Cash Flow is Date 1 Expected Asset
Vaue minus Exercise Price (Cost of Development). Enter =B10-B7 in cell C23.

4. Present Value of Expected Cash Flows. Calculate the Present Value of the Expected Cash Flow
= (Expected Cash Flow) / ((1 + Discount Rate)*Date Number). Enter =B23/((1+$B$11)"B22) in
cell B24 and copy it to cell C24. The Discount Rate $B$11 uses an absol ute reference because it
stays constant from date to date.



5. NPV Ignoring Option. Calculate the NPV Ignoring Option by summing all of the present value
of cash flow terms. Enter =SUM (B24:C24) in cell B25.

We obtain opposite results from the two approaches. The NPV Using Black-Scholes is positive $0.20
million, whereas the Ignore Option NPV is negative ($0.14) million. NPV Ignoring Option incorrectly
concludes that the project should be rejected. This mistake happened precisely because it ignores the
option to develop oil only when profitable and avoid the cost of development when it is not. NPV Using
Black-Scholes correctly demonstrates that the project should be accepted. This is because the value of the
option to develop the oil when profitable is greater than the cost of the option (i.e., the cost of the land).

20.2 Using The Binomial M odel

Problem. Given the same real options project as was analyzed using the Black-Scholes technique,
calculate the project’s NPV using the binomial model. Compare this result to the Black-Scholes result.

Solution Strategy. The project can be viewed as a call option, where the Cost of Development is the
Exercise Price and the Value of the Reserves Now is the Asset Price Now. This call option can be valued
using the Binomial Option Pricing model. Open the spreadsheet that you created for Binomial Option
Pricing - Risk Neutral. Make some changes so that the standard deviation and other inputs can be
tranglated into corresponding up and down movements of the binomial model. Calculate the NPV Using
Binomial by taking the Binomia Option Value and subtracting the cost of the option (i.e., cost of the
land).

FIGURE 20.2 Spreadsheet for Real Options Using The Binomial M odel.
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How To Build Your Own Spreadsheet Moddl.

1. Start with the Risk Neutral Spreadsheet. Open the spreadsheet that you created for Binomia
Option Pricing — Risk Neutral and immediately save the spreadsheet under a new name using the
File | Save As command.

2. Rearrange the Inputs. Select the range A6:B7 and drag the range (hover the cursor over the
lower highlighted line, click on the left mouse button, and hold it down while you move it) to cell
E6. Select the range A8:B8 and drag the range to cell E5. Select the range A9:B11 and drag the
range to cell A8. Select therange E4:F4 and drag the range to cell ES8.

3. Enter the New Inputs. Enter the Full-Scale Real Data inputs in the range B4:B11 as shown in
Figure 2. Enter 30.00% in cell B6 for the Annua Standard Deviation. The value in cell B11
serves as a switch between the Discrete and Continuous Annualization Conventions. To highlight



which annualization convention isin use, enter =I F($B$11=1," Discrete" ," Continuous") in cell

E2.

4. Calculatethe New Outputs. Calculate four new "per period" outputs:

(0]
(0]

Time/ Period = (Time To Maturity) / (Number of Periods). Enter =B9/B10 in cell F4.
Riskfree Rate / Period = (Annual Riskfree Rate) * (Time / Period) under the discrete
annualization convention or = exp[(Annual Riskfree Rate) * (Time/ Period)] -1 under the
continuous annualization convention. Enter =IF($B$11=1,B7*F4,EXP(B7*F4)-1) in cell
F5.

Up Movement / Period = (Annual Standard Deviation) * Square Root (Time / Period)
under the discrete annualization convention or = exp[(Annual Standard Deviation) *
Square Root (Time / Period)] -1 under the continuous annualization convention. Enter
= F($B$11=1,B6* SQRT(F4),EXP(B6* SQRT (F4))-1) in cell F6.

Down Movement / Period = -(Annual Standard Deviation) * Square Root (Time /
Period) under the discrete annualization convention or = exp[-(Annua Standard
Deviation) * Square Root (Time / Period)] -1 under the continuous annualization
convention. Enter =I F($B$11=1,-B6* SQRT (F4),EXP(-B6* SQRT (F4))-1) in cell F7.

5. NPV Using Binomial. The formula for NPV Using Binomial = Call Vaue - Real Option Cost.
Enter =B28-B12in cell B38.

The NPV Using Binomial is $0.22 million. This is very close to the NPV Using Black-Scholes of $0.20
million. If you expanded the number of stepsin the binomial model to 50 or 100 steps, then the difference
between the two techniques would go away.

Looking at the range J28:J36, we see that in 4 of the 9 states of nature the value of the reservesis high
enough to lead to oil development and thus profit is positive. In 5 of the 9 states of nature the value of
reservesis low enough that the oil is not developed and thus the profit is zero.

20.3 Sensitivity to Std Dev

Problem. We know that an increase in the standard deviation of an underlying asset makes regular call
and put options more valuable. In the real option setting of the oil development project, what would
happen if you increased asset value standard deviation to the NPV Using Black-Scholes, NPV Ignoring
Option, and NPV Using Binomial?

FIGURE 20.3 A Spreadsheet of the Sensitivity to Std Dev.
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How To Build Your Own Spreadsheet Moddl.

1. Start with the Real Options - Using Black Scholes Spreadsheet. Open the spreadsheet that you
created for Real Options - Using Black Scholes and immediately save the spreadsheet under a
new name using the File| Save As command. Open the spreadsheet that you created for Real
Options - Using The Binomial Model and keep it open. You will build acell link to it and from it.

2. Create A List of Input Values, Two Output Formulas, And A Standard Deviation
Connection. Create alist of input values for the Asset Vaue Standard Deviation (0.1%, 10.0%,
20.0%, etc.) in the range C29:G29. Create three output formulas. One that references the NPV
Using Black Scholes by entering the formula =B19 in cell B30. Another that references the NPV
Ignoring Option by entering the formula =B25 in cell B31. A third that references the NPV
Using Binomia by entering the formula =[Realobin.xIs|Sheet1!$B$38 in cell B32, where the
[Realobin.xlg] is the name of the Excel file which contains the Real Options - Using The
Binomial Modéel spreadsheet. We need to connect the standard deviation on the two spreadsheets
so that the Data Table will work across both spreadsheets. In the Real Options - Using The
Binomia Model spreadsheet, enter =[Real ostd.xIs|Sheet 1!$B$5 in cell B6.



3. Data Table. Select the range B29: G32 for the Data Table. This range includes both the list of
input values at the top of the data table and the three output formulas on the side of the data table.
Then choose Data | Table from the main menu and a Table dialog box pops up. Enter the Asset
Vaue Standard Deviation cell B5 in the Row Input Cell and click on OK.

4. Graph the Sensitivity Analysis. Highlight the range C29:G32 and then choose Insert | Chart
from the main menu. Select an XY (Scatter) chart type and make other selections to complete
the Chart Wizard.

Both the data table and the graph show that NPV Using Black Scholes and NPV Using Binomia are
nearly identica over a wide range of Asset Value Standard Deviations with only a penny or two
difference. Figure 1 showsthat an increase in Asset Vaue Standard Deviation causes both the NPV Using
Black Scholes and the NPV Using Binomial to increase, but leaves the NPV Ignoring Option unaffected.
Why doesthe increase in Asset Vaue Standard Deviation have such different effects? Essentially, the two
option-based techniques take into account the option to develop the oil only if it is profitable and this
option ncreases in value as standard deviation goes up. By contrast, the NPV Ignoring Option approach
precommits to develop the oil no matter what and thus ignores the option. Indeed, Asset Value Standard
Deviation is not even an input in the NPV Ignoring Option calculation. This lack of sensitivity to Asset
Vaue Standard Deviation by the NPV Ignoring Option technique is an error. Both the NPV Using Black
Scholes and the NPV Using Binomial show the correct amount of sensitivity to Asset Value Standard
Deviation.

Problems

Skill-Building Problems.

1. You have the opportunity to purchase a piece of land for $0.7 million which has known reserves
of 375,000 barrels of oil. The reserves are worth $12.6 million based on the current crude oil
price of $33.60 per barrel. The cost of building the plant and equipment to develop the oil is $4.5
million, so it is not profitable to develop these reserves right now. However, development may
become profitable in the future if the price of crude oil goes up. For simplicity, assume thereis a
single date in 1.4 years when you can decide whether to develop the cil or not. Further assume
that al of the ail can be produced immediately. Using historical data on crude oil prices, you
determine that the mean value of the reserves is $13.4 million based on a mean value of the one-
year ahead oil price of $35.73 per barrel and the standard deviation 30.0%. The riskfree rate is
4.7% and cost of capital for a project of thistype is 12.15%. What is the project’s NPV using the
Black-Scholes call formula? What would the NPV be if you committed to develop it today no
matter what and thus, (incorrectly) ignored the option to develop the oil only if it is profitable?

2. Given the same real options project as problem 1, calculate the project’s NPV using the binomial
model. Compare this result to the Black-Schol es result.

3. What would happen if you increased asset value standard deviation to the NPV Using Black-
Scholes, NPV Ignoring Option, and NPV Using Binomial?

LiveIn-class Problems.
4. Given the partial Using Black Scholes spreadsheet RealoblZ.xls, do steps 2 NPV using Black-

Scholes, 3 Expected Cash Flows, 4 Present Value of Expected Cash Flows, and 5 NPV
Ignoring Option.



5. Given the partia Using The Binomial Moded spreadsheet RealoblZ.xls, do step 5 NPV using
Binomial.

6. Given the partia Sensitivity to Std Dev spreadsheet RealostZ xls, do steps 2 Create A List of

Input Values, Two Output Formulas, And A Standard Deviation Connection and 3 Data
Table.
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