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Excel Models

Abstract

Personal financial planning jobs, like most other jobs in finance, require Excel skills.
Students studying finance and many finance professors know most of Excel’s features, such as
pivot tables, but lack the skills needed to create and design financial models. Many Excel
examples in finance textbooks violate obvious Best Practices or design guidelines. In this paper
these Excel Best Practices are discussed and three financial models are used to illustrate them.
Two of the examples are basic financial planning models and the other example illustrates Monte
Carlo simulation. These examples should improve the Excel modeling skills of the professors

teaching financial planning courses and their students.

Note

This PDF file has attached Excel files. A red paper clip identifies each attached file. You can
either double left click or single right click the paper clip. When you double left click the paper
clip the attached Excel file should open. When you single right click on the red paperclip a pop

up menu should appear. From this pop up menu choose open file.

Introduction

Benninga (2006, page 7), in his finance textbook Principles of Finance and Excel, states that
“th(e) combination of Excel and finance will ... enhance your employment opportunities. Excel
is practically the only financial tool used by business today.”

Similarly , Craig W. Holden and Kent L. Womack (“Spreadsheet Modeling in Finance and

Investment Courses, http://papers.ssrn.com, 2000, page 2) state that “it is probably safe to say



that there is no finance function in a post-college job ... that does not use a spreadsheet program,
such as Excel, regularly. Teaching students how to actually build financial models using a
spreadsheet program like Excel is the best way to prepare them for the business world.”

Additionally, Holden and Womack indicate that the “computing platform required in
Business Schools is changing.” The number of schools “requiring” students to own a portable
computer is increasing each year. Also, many schools have wired or wireless network
connections in classrooms. Excel is (or should be) replacing the financial calculator.

The appendix is an advertisement for a Wealth Management job in Chicago. It is typical of
many of the financial planning jobs listed in the jobs section of ChicagoTribune.com. It indicates
that the job candidate must be proficient with Excel and be able to create financial illustrations
that use Monte Carlo simulation.

Students who know only Excel features but lack the best practices skills to create and design

financial models have a distinct disadvantage.

Purpose and Motivation

Most Excel books explain the use of various Excel features with a limited discussion of
when and why things should be done. Stated differently, most of the books are “how to” books.
Two exceptions are Chapter 5, How to Build Good Excel Models, in Senguta (2004), and
Chapter 5, Spreadsheet Engineering, in Power and Baker (2004). Some of the Best Practices
presented in this paper are from these two chapters. Others are the Excel books written by John
Walkenbach and Bill Jelen (see references). John Walkenbach is known as “Mr. Spreadsheet”

and Bill Jelen is known as “Mr. Excel.”



Many finance teachers and finance students have some knowledge of many of the features
of Excel. However, their knowledge of when and where they should use these Excel features
when creating and designing a financial model is limited. These Excel Best Practices should
enhance this knowledge.

Using Excel Best Practices should result in financial models that are more efficient and
useable. More efficient means financial models created in less time and with fewer errors.
Useable means that the user of the financial model can easily determine what the model does and

does not do and can easily use it.

Best Practices

The Excel Best Practices are presented and illustrated for Microsoft Excel 20003 (for the
personal computer, PC). Most Best Practices also apply to earlier versions, Excel 2002 and Excel
2000. Significant differences amongst these three versions are mentioned.

The Best Practices are presented chronologically. That is, the Best Practices start with what
you should do before starting the Excel program and end with what should be done before saving
the Excel workbook the final time.

There are 11 Best Practices categories. They are

What to do before starting Excel.

What to do immediately after opening Excel.

Model documentation.

Modeling inputs, outputs, and analysis sections.

Key features when creating formulas (and when using Excel functions).
Moving around a worksheet and workbook.

Key chart features.

When to use sensitivity analysis and how best to do it.

When to do formatting and some formatting suggestions.

How to check for errors, how to minimize errors, and how to prevent errors.
What do to when model is completed but before saving the workbook.
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The format is to mention the Best Practices in each category then discuss and illustrate them.

Assumption

The Excel presentation in this paper presumes a basic knowledge of Excel. This basic
knowledge includes the basics of formatting, creating charts, writing formulas, using Excel
functions, and using other features such as data tables and scenario manager. It does not use any

macros (Visual Basic for Applications).



Best Practice 1: What to do before starting Excel.

Before using Excel to create a financial model there are a few issues that should be thought

over.
1. How many worksheets to use.
2. How to orientate the data on each worksheet.
3. How general to make the model.

The basic design guidelines of a financial model should follow some of the basic design
guidelines for web pages. For instance, it is desirable to use more than one worksheet instead of
scrolling hundreds of rows on one worksheet.

The orientation of a financial model should be like a paper and pencil version. For instance,
when creating a loan amortization schedule each month (or payment) should be a row. Most
balance sheets and income statements should be the same as they are on web pages (accounts are

on each row and data for a given time period on each column).

Decide how general the model should be. Some issues to decide for a capital budgeting

problem:
1. How many years to consider.
2. Whether to allow for nominal and real cash flows.
3. How many techniques to include (e.g. NPV, IRR, MIRR, and so forth).
4.  Whether it will be for new investments, or replacement investments or both.



Best Practice 2: What to do immediately after opening Excel.

Immediately after opening the workbook save and rename the Excel workbook.
Maximize the workbook.

Check AutoRecover Time (Tools, Options, Save tab).

Show Standard and Formatting toolbars on two rows (Tools, Customize, Options tab).
Show all choices under each menu (Tools, Customize, Options tab).

Activate the Analysis ToolPak Add-ins (Tools, Add-ins).

Close the Task Pane. This is on the right side of the screen. It takes up valuable space.
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If opening a new workbook the default filename is Book1.xls. It is best to create a more
descriptive name immediately and place this file in an appropriate folder. Also, sometimes a
financial model that has already been created is used as the starting point for a new model. Thus,
save as a new name so that the retrieved file is not altered.

The following image shows a workbook that is not maximized.
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This wotkbook has hyperlinks at the top of each worksheet.

Drata validation is used to limit the inputs choices {on the InputsOutputs wotlzsheet).
The InputsCutputs and Analyss worksheets contain numerous cell comments. These
cottrents used when students were creating the wotkhook.

This workbook solves a capital budgeting replacement problem. Features:

a. Capital budgeting procedure is the standard weighted average cost of capital
methad. Stated differently it does not calculate the APV or Adjusted Present
Walue.
b, One of the inputs is the cost of capital. Itis not calculated, say, for given costs of
equity and deht.
. Handles strai ght line depreciation up to 15 years or MACRS 3, 5, 7 or 10 years
d Waorks for replacement capital budgeting problems with alife up to 15 years
e Calculates:

1. Met Present Value
i1, Internal Rate of Return

ow- i aesiopess N\ NOOH 4G E@E M- L-A-==zad]
Ready UM

Notice, the worksheet tabs are not visible. This is an obvious problem. To maximize the

53]
I

-1
Lh

(=4

=]
=3

8]
=

P e | B o ra | red ra g ra
0| 00|~ | o |t | (LR =
o




workbook select (left click) the maximize box shown above.
Excel 2003 has an Autorecove feature. To access it select, from the menu, Tools and

Options. Then go to the Save tab. The following dialog box appears.
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¥ Save AutoRecover info exery: Iﬁ minukes

AutoRecover save location: IC:'I,D::u:uments and Settings\AdministratorApplicatio
Workbook options

[ Disable AutoRecover

Ik I Cancel

There is no warning when the AutoRecover feature is selected. When it runs a brief line
appears on the bottom left of the Excel workbook. One negative effect is that all previous
commands that are stored in Undo are lost each time AutoRecover runs.

The default Excel display is to show the Standard and Formatting toolbars on one line. For
most screen resolutions this hides some of the toolbar buttons. It is best to show these toolbars on
two lines. The loss of worksheet space is minimal. One way to display these toolbars on two
lines is to select the drop down arrow at the end of a toolbar. Another way is the menu: Tools,

Customize, and the Options tab. See following image.
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The default is to show only part of the choices. Then you have to select an arrow at the
bottom of the menu choices to see (expand) the entire menu. The following image is an
illustration.
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When using Excel efficiently the menu is used infrequently. Thus, each time you go to the
menu you have to select expand from the drop down menu (see above). To have the expanded
menu, choose Tools, Customize, and the Options tab from the Excel menu. After making these
selections the following screen appears. Check both boxes in the Personalized Menus and
Toolbars section check. In Excel 2000 you remove the check boxes to always display the

expanded menu and to show the Standard and Formatting toolbars on two lines.
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Many of Excel’s financial functions are in the Analysis ToolPak add-in. For instance, all of the

bond functions are part of this Add-in. To activate these Add-in select Tools, Add-ins and the
Add-ins dialog box appears (see following image). Check the box to the left of Analysis ToolPak

and select OK.
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Best Practice 3: Model Documentation.

1. Place upper left corner of first worksheet.
2. Information to include

Name of person creating model.
Date model completed.

Tab names of worksheets.

Key model features.

Key model assumptions.
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The following image illustrates some of the information that should be at the top of the first
worksheet in a workbook. You see the name of the person that created the workbook, when it

was finished, what it does, names of the worksheet, model assumptions and so forth.
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Best Practice 4. Modeling inputs, outputs, and analysis sections.

Inputs above or to left of outputs.

Inputs at top of worksheet.

Both inputs and outputs visible on the screen.

Inputs should only be values. That is, no formulas.

Name input cells.

Use data validation to limit inputs.

Use cell background color to highlight inputs and outputs.

Cells with numerical values in outputs and analysis sections are “created” with cell
references and/or cell formulas.

NGO~ WNE

Consider the following inputs and outputs for a capital budgeting problem.
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16 Investment time period {in years) 6 22% -50.678
17 YWarking Capital, amount in dollars $42,000
18 Tax Rate, percentage (enter as decimal) 34.00% Net Present Value Sensitivity Chart
19 Cost of Capital, percentage (enter as decimal) 16.00% 60

20 Corverting Factor {to thousands) 1,000
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Notice that all of the inputs are identified by a yellow cell background. Cell comments, the red
triangles, help indicate what goes in each input cell. Additionally, cell F6 uses data validation to

limit the types of depreciation that can be selected.
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Best Practice 5: Key features when creating formulas (and when using Excel functions).
1. When writing cell formulas that contain cell references select the cell. That is, do not type
out the cell row and column identifier.
2. If needed, use the F4 function key to change the cell reference form relative to absolute.
3. Minimize the number of cell formulas to be created. That is, create a formula that can be
copied to other cells.
Best Practices 6: Moving around a worksheet and workbook.

When moving around a worksheet or from worksheet to worksheet in a workbook it is best
to know how to use the mouse and the key board. You can easily move from worksheet to
worksheet in a workbook by clicking the tab name with the mouse or using the Ctrl + PageUp
(or PageDn) set of keys (that is, hold down the Ctrl key and press the PageUp key).

One obvious way to move around a worksheet is to use the mouse. However, many times
this requires extensive scrolling, which takes time. It is better to know the keyboard shortcuts to
move around. To get an extensive list of keyboard shortcuts type the words keyboard shortcuts in
the Excel help box (upper right corner of Excel).

Note, moving around also includes selecting ranges. If you have data in the range
A10:D1000 you could use the mouse to select this range. This would require extensive scrolling.

A much quicker way is a keyboard shortcut. Select any cell in the desired range, say B15, then

use the keyboard shortcut Ctrl+Shift+8 (hold down the Ctrl and Shift keys and then press the 8

key).
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Best Practice 7: Key chart features.

1.

2.

NG

©w

11.

12.

13.

Select the range of data to use before using the Chart Wizard (Chart Wizard button is on

formatting toolbar).

Check the series tab in the second step of chart creation. This is the most important tab in

the Chart Wizard process. Note that it is not the default tab displayed in the second step

of the Chart Wizard.

There are three ways to edit charts. They are to select the chart and then

a. Use menu choices under Chart (Data choice on menu changes to chart when a chart
is selected).

b.  Use the chart toolbar.

c. Move around the selected chart and when in the desired region right click. This is the
quickest method.

The default is to show a legend. Use only when more than one line on the chart or more

than one set of columns.

Display all text horizontally. The default is usually to show the Y axis title vertically.

Minimize the use of horizontal chart gridlines.

Seldom, if ever, use vertical chart gridlines.

Scale Y axis values. For instance, if Y axis is daily stock volume do not display

numerous zeros. Go to the Format Axis dialog box and the Display Units section.

The default is to show the plot area with a gray background. Change to white.

If displaying a chart on a chart worksheet select, from the menu, View and Size with

Window. This removes the gray area outside the chart and plot area.

When formatting a chart move the pointer to the chart area, right click, from the pop up

menu choose Format Chart Area, go to Font tab, select desired font, deselect Autoscale,

and select OK. This formats all of the text and numbers on the chart. Then simply

increase the font size for the title at the top of the chart. Note, the default is to have

Autoscale selected. This means that the font sizes of the text and numbers on the chart

change as the chart size changes.

To align the outside border of the chart with worksheet cell borders select the chart, hold

down the Alt key, and move the square handles on the chart border.

Many times the default chart created has the values on the X axis aligned 90 degrees to

the right. To change select the chart, move the pointer to the X axis, right click, from the

pop up menu choose Format axis, go to the alignment tab, in the Orientation section the

orientation arrow should indicate horizontal, move the arrow away from horizontal, then

move it back to horizontal, finally select OK.
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Best Practice 8: When and how to use sensitivity analysis.

Many financial models involve future values. One way to account for the uncertainty of
these future values is to use sensitivity analysis. When using sensitivity analysis one or more
input values are changed and their impact on key outputs is observed. There are basically two
ways to do sensitivity analysis. They are

1. Datatables, and
2. Scenarios.

There are two types of data tables, one input and two output. The one input data table allows
the user to change one input variable and observe its effect on one or more output variables. The
two input data table allows you to change two inputs and see there influence on one output. To
create data tables use the menu choices Data and Table.

Scenarios allow you to change at least 15 inputs.

Best Practice 9: When to do formatting and some formatting suggestions.

1. Do not use numerous colors and font sizes. Text should be black bold or black not bold.
Cell backgrounds colors should be either the default color, white, or a light color. If dark
it is difficult to read and most likely the cell will print black (black/gray only printer).
Even light colors can print black on some black/gray laser printer. Use conditional
formatting and data validation to shift between colored and white cell background colors.

2. Formatting should be done after the cell formulas have been created. If done sooner you
need to use copy and paste special formulas. This way only the cell formula is copied.

3. Remove worksheet gridlines (Tools, Options, View tab). Worksheet gridlines are all or
none. That is, the worksheet gridlines are displayed or not displayed. Replace the
worksheet with cell borders. Gray cell borders are preferred to black cell borders. Note,
to enter gray cell borders select the desired cells, right click, choose Format cells, and go
to the Border tab. You must first select the color, then the style of line, and finally where
to place the line.

4. Inyou Inputs use the word Inputs to identify the section. In the cells below, identify the
inputs. Indent this text. Do likewise in the outputs section.

5. Instead of hiding rows and/or columns use the Data, Group and Outline feature.
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Best Practice 10: Checking for errors, minimizing errors, and preventing errors.

1.

o

There is no mathematical way to check for errors. Some obvious ways are

To use your financial knowledge to see if the results are reasonable. Use extreme values
when doing this. Also, change inputs and see if outputs move in the desired direction. For
instance, if a capital budgeting problem if you increase the discount rate the Net Present
Value should decrease.

Find a similar problem that has a numerical solution. Test it on your model.

When creating a financial model one way to minimize possible errors is to create
formulas using copy and paste. That is, for each row or column create one formula, say in
the first row and then copy it into the other cells in the same row.

One way to prevent a formula from getting changed once the model is created is to use
worksheet protection. The process is to select the cells that you do not want protected,
right click on this range, from the pop up menu choose Format Cells, go to the Protection
tab, deselect the Locked box, and select OK. Then to protect all other cells on the
worksheet select, from the menu, Tools and Protection. You can password protect the rest
of the worksheet.
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Best Practice 11: What do to after the model is completed but before saving the workbook.

1.

o ks

Delete unused worksheets. The easiest way is to simply right click on a worksheet and

select delete from the pop up menu. Since the vast majority of financial models created

need only one worksheet you may want to change the default worksheets displayed in a

new workbook from three to one. To do this select, from the menu, Tools, Options,

General, change the Sheets in new workbook form 3 to 1, and, finally, select OK.

Enter appropriate worksheet tab names. Note, the default tab names Sheetl, Sheet2, and

so forth are not descriptive.

Check the spelling. The best way is to

a. Group all worksheets (Select first worksheet, hold down Shift key, select last
worksheet).

b. UseF7.

c.  Ungroup worksheets (right click on a tab and, from the pop up menu, choose
Ungroup sheets).

Make sure that the workbook is maximized.

Make sure that no worksheets are grouped. If worksheets are grouped many of the menu

choices are not available.

Make sure that the zoom size is the same for all worksheets (Standard toolbar).

Make sure that cell Al is the selected or highlighted cell on each worksheet and cell Al

is visible (Excel stores the current position of each worksheet in the workbook).

Make sure that the first worksheet is the active worksheet — this is the worksheet with the

workbook documentation.

If possible, move horizontal scroll bar to about one inch to the right of the last tab name.

Do this after selecting the first worksheet. If a reasonable number of worksheets this

means all tab names are displayed and the horizontal scroll bar is at its max size.

Three examples

Three examples are used to illustrate some of these best practices. The three problems are

mentioned and the related Excel files with the financial models are attached.

Example 1. Problem: Someone who retired in early 2000 and assumed that her $500,000

portfolio could earn an average of, say, 9 percent a year could withdraw 7 percent the first year,

increase the dollar amount of the annual withdrawal by 3 percent a year for inflation and have

that nest egg last 27 years, according to an analysis by T. Rowe Price in Baltimore (Source: New

York Times, Sunday, August 17, 2003, “How to Avoid Cracking the Retirement Nest Egg,” by

Virginia Munger Kahn).
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The output for this financial model is the number of years before the funds for retirement are
used up. This is a time value of money problem with uneven cash flows (the amount to
withdrawal each year). The Excel solution illustrates that all time value of money problems with
multiple cash flows should be modeled like a loan amortization schedule. See the attached file,
EanMeLxB.g

Example 2. Problem: The parents are planning a savings program to put their 13 year old
teenager through college. The child is now 13 years old and plans to enroll at the university in
exactly five years and it should take the child four years to complete undergraduate education.
Currently, the cost per year for everything (food, clothing, tuition, books, transportation, and so
forth) is $14,500, but a 6 percent annual inflation rate in these costs is forecast. That is, the cost
of college tuition is expected to increase 6 percent per year. The child recently received $10,000
from grandmother’s estate. This money which is invested in a bank account paying an 8 percent
annual interest rate, compounded annually, will be used to help meet part of the costs of the
child’s education. The rest of the costs will be met by money the parents will deposit each year
from now until the child starts college. Assume that the child is given the amount needed for
each school year at the beginning of the school year. For instance, five years from today the child
receives the amount needed for the first year of school (freshman). The parents will make six
equal deposits to the account, the first today and one deposit each subsequent year. The last, or
sixth, deposit is made when the child starts college, which is five years from today. These six
equal deposits beginning today will also earn an annual interest rate of 8 percent, compounded
annually. Funds not being spent are invested at an annual rate of 8 percent compounded
annually. How large must each deposit be for the parents to be able to put their child through

college?

17



Example1

		Example 1: Retirement problem

		Content:								Retirement Planning

		Creator:								First and Last Name

		Date completed:								Month Day, Year

		Number of worksheets:								One

		Inputs

		Beginning Balance										$500,000

		Interest Rate										9%

		Withdrawal Rate										7%

		Inflation Rate										3%

		Outputs

		Number of years before funds depleted:										27

		Analysis

		Year		Start of year
balance		Annual
withdrawal		Annual
Interest		End of Year
Balance		IF
Function

		1		500,000		35,000		41,850		506,850		1

		2		506,850		36,050		42,372		513,172		1

		3		513,172		37,132		42,844		518,884		1

		4		518,884		38,245		43,257		523,896		1

		5		523,896		39,393		43,605		528,109		1

		6		528,109		40,575		43,878		531,412		1

		7		531,412		41,792		44,066		533,686		1

		8		533,686		43,046		44,158		534,798		1

		9		534,798		44,337		44,142		534,603		1

		10		534,603		45,667		44,004		532,940		1

		11		532,940		47,037		43,731		529,634		1

		12		529,634		48,448		43,307		524,493		1

		13		524,493		49,902		42,713		517,304		1

		14		517,304		51,399		41,931		507,837		1

		15		507,837		52,941		40,941		495,837		1

		16		495,837		54,529		39,718		481,026		1

		17		481,026		56,165		38,238		463,099		1

		18		463,099		57,850		36,472		441,721		1

		19		441,721		59,585		34,392		416,529		1

		20		416,529		61,373		31,964		387,120		1

		21		387,120		63,214		29,152		353,058		1

		22		353,058		65,110		25,915		313,863		1

		23		313,863		67,064		22,212		269,011		1

		24		269,011		69,076		17,994		217,929		1

		25		217,929		71,148		13,210		159,992		1

		26		159,992		73,282		7,804		94,514		1

		27		94,514		75,481		1,713		20,746		1

		28		20,746		77,745		(5,130)		(62,129)		0

		29		(62,129)		80,077		(12,799)		(155,005)		0

		30		(155,005)		82,480		(21,374)		(258,859)		0

		31		(258,859)		84,954		(30,943)		(374,756)		0

		32		(374,756)		87,503		(41,603)		(503,862)		0

		33		(503,862)		90,128		(53,459)		(647,449)		0

		34		(647,449)		92,832		(66,625)		(806,906)		0

		35		(806,906)		95,617		(81,227)		(983,750)		0

		36		(983,750)		98,485		(97,401)		(1,179,636)		0

		37		(1,179,636)		101,440		(115,297)		(1,396,373)		0

		38		(1,396,373)		104,483		(135,077)		(1,635,933)		0

		39		(1,635,933)		107,617		(156,920)		(1,900,470)		0

		40		(1,900,470)		110,846		(181,018)		(2,192,334)		0

		41		(2,192,334)		114,171		(207,585)		(2,514,091)		0

		42		(2,514,091)		117,596		(236,852)		(2,868,539)		0

		43		(2,868,539)		121,124		(269,070)		(3,258,733)		0

		44		(3,258,733)		124,758		(304,514)		(3,688,005)		0

		45		(3,688,005)		128,501		(343,486)		(4,159,992)		0

		46		(4,159,992)		132,356		(386,311)		(4,678,659)		0

		47		(4,678,659)		136,327		(433,349)		(5,248,334)		0

		48		(5,248,334)		140,416		(484,988)		(5,873,738)		0

		49		(5,873,738)		144,629		(541,653)		(6,560,020)		0

		50		(6,560,020)		148,968		(603,809)		(7,312,796)		0

		51		(7,312,796)		153,437		(671,961)		(8,138,194)		0

		52		(8,138,194)		158,040		(746,661)		(9,042,895)		0

		53		(9,042,895)		162,781		(828,511)		(10,034,187)		0

		54		(10,034,187)		167,664		(918,167)		(11,120,018)		0

		55		(11,120,018)		172,694		(1,016,344)		(12,309,056)		0

		56		(12,309,056)		177,875		(1,123,824)		(13,610,755)		0

		57		(13,610,755)		183,211		(1,241,457)		(15,035,424)		0

		58		(15,035,424)		188,708		(1,370,172)		(16,594,303)		0

		59		(16,594,303)		194,369		(1,510,980)		(18,299,653)		0

		60		(18,299,653)		200,200		(1,664,987)		(20,164,840)		0
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The output for this financial model is the amount to deposit each year. Like Example 1, this
is a time value of money problem (the amount to deposit each year). This is a typical time value
of money problem. Specifically, it is a variation of Problem 2-40 on page 60 in Brigham and
Houston (2007). The Excel solution also illustrates that all time value of money problems with
multiple cash flows should be modeled like a loan amortization schedule. See the attached file,
Example2.xls. g

Example 3: Problem: The General Ford (GF) Auto Corporation is trying to determine the
profitability of a new type of compact car which it is in the process of developing. The car is
assumed to generate sales for the next ten years. In order to determine whether development of
the car should continue, information has been gathered through focus groups in the marketing
and engineering departments. In particular, GF has analyzed the fixed cost of developing the car,
the variable cost of producing each car, the sales price per car, the demand during each of the
next ten years, the production policy, and the interest rate used for discounting future cash flows.
Based on this analysis, GF has decided to use the following inputs in a simulation model (also,
see the inputs section of the Excel file for Example 3). The fixed cost of developing the car is not
known with certainty. GF models this uncertainty with a normal probability distribution with a
mean $2.2 billion and standard deviation $0.3 billion. The entire fixed cost is assumed to occur
at the beginning of year 1. The variable production cost per unit in year 1 is also modeled by a
normal distribution with a mean of $7,200 and a standard deviation of $250. Each year after year
1, the variable production cost is the previous year's variable production cost multiplied by one
plus the inflation rate. Each year this inflation factor is assumed to be normally distributed with
mean 1.05 (a 5% increase) and standard deviation .02. All production costs are assumed to occur

at the ends of the respective years. The sales price in year 1 is assumed to be $11,000. After year
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Example2

		Example 2: Planning for college problem

		Content:								Planning for college

		Creator:								First and Last Name

		Date completed:								Month Day, Year

		Number of worksheets:								One

		Inputs

		Inflation Rate										6.00%

		Current Cost of Tuition										$14,500

		Rate of Return										8.00%

		Initial amount										$10,000

		Years before starting college										5

		Output

		Parents annual deposit, Use goal seek										$8,287.19

		Analysis

		Year		Beginning
of year value		Parent's
Annual
Deposit		Annual
withdrawl
for tuition		Annual
Interest
Earned		End of Year
Balance

		1		10,000		8,287		0		1,463		19,750

		2		19,750		8,287		0		2,243		30,280

		3		30,280		8,287		0		3,085		41,653

		4		41,653		8,287		0		3,995		53,935

		5		53,935		8,287		0		4,978		67,200

		6		67,200		8,287		19,404		4,487		60,570

		7		60,570		0		20,569		3,200		43,202

		8		43,202		0		21,803		1,712		23,111

		9		23,111		0		23,111		0		0
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1, the sales price will increase by the same inflation factor that drives production costs.
Specifically, the sales price will be the previous year's sales price multiplied by one plus the
inflation rate. Like production costs, revenues from sales are assumed to occur at the ends of the
respective years. The demand for cars in year 1 is assumed to be normally distributed with a
mean of 100,000 units and a standard deviation of 20,000 units. After year 1, the demand in a
given year is assumed to be normally distributed with mean equal to the actual demand in units
in the previous year and a standard deviation of 30,000 units. For example, if the observed
demand in year 3 is 105,000 units, then the demand distribution in year 4 is assumed to be
normally distributed with a mean of 105,000 units and standard deviation of 30,000 units. An
implication of this assumption is that demands in successive years are not probabilistically
independent. If the demand in one year is large, for example, the mean demand for the next year
will also be large, so that actual demand for the next year will tend to be large. In any particular
year the company plans to base its production policy on the probability distribution of demand
for that year — before the actual demand for that year is observed. In particular, if the expected
demand in year t is ExpDemandt and the standard deviation of demand is StDev, then GF's
policy is to produce ExpDemandt + k*StDev cars, where k is a decision variable that GF will
have to select. For example, if it chooses k = 1, then its production quantity in any year will be
one standard deviation above the expected demand. From the properties of the normal
distribution, this implies that the chances are approximately five out of six meetings all demand
for the year. (This is because a normal random variable has approximate probability 5/6 of being
no more than one standard deviation above the mean.) If demand in any year is grater than
production, the excess demand is lost. However, if production in any year is greater than

demand, GF will sell the excess cars at an end-of-year with a discount of 30%. GF plans to use a
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10% interest rate to discount future cash flows. This means, for example, that a cash flow of $1
at the beginning of year 1 is equivalent to a cash flow of $1.10 at the end of year 1.

Given these assumptions, GF wants to develop a simulation spreadsheet that will evaluate its
NPV over the ten-year time horizon.

This simulation problem is a revised version of the problem provided in Winston and
Albright (1997 pages 630-635).

The output for this financial model is the 100 simulation results and the related statistics
such as the mean net present value and the frequency distribution of the net present values. The
Excel solution illustrates how to do simulation using only Excel features and functions (instead

of an Excel add-in such as Crystal Ball). See the attached file, Example3.xls. 8
Summary

Excel is an important skill that all finance majors need to know. Here we indicate and

illustrate Excel Best Practices.
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Example3

		Example 3: Simulation of Net Present Value for a new car model

		Content:		Simulation Model

		Creator:		First and Last Name

		Date completed:		Month Day, Year

		Number of worksheets:		One

		Inputs

		Probability distributions						Mean		Stdev		Prob Dist		Units

		Fixed costs (assumed to occur at the beginning of year 1)						2.20		0.30		Normal		$Billions

		Variable production cost per car in year 1						7.20		0.25		Normal		$Thousands

		Variable Production cost inflation factor in succeeding years						1.05		0.02		Normal		As Given

		Demand for cars in year 1						100		20		Normal		Thousands

		Demand for cars in year t (t>1)						previous year		30		Normal		Thousands

		Other inputs (deterministic values).						Value		Units

		Sales price in year 1(all sales occur at the end of the year)						11		$Thousands

		Discount rate (used in NPV) in all years.						10.0%		Percentage

		Production each year is the mean demand plus a multiple of the st dev of demand (for that year).

		If demand is greater than supply, the excess demand is lost.

		If the supply is greater than the demand, excess are sold at a discount

		Multiple (k) of stdev used for setting production quantity						1

		Year-end percentage discount for leftover cars at the end of the year						30.0%		Percentage

		Desired confidence interval for output mean Net Present Value, NPV.						95.0%		Percentage

		Outputs

		Net Present Value Simulation Statistics				Frequency Table: Simulation NPV Values

		Number of simulations		100		Value (1,000s)		Value (billions)		Frequency

		Mean or average, thousands		486,386		($2,000,000)		<-2		4

		Median, thousands		698,781		($1,000,000)		-1		13

		Sample standard deviation, thousands		1,547,975		$0		0		19

		Minimum, thousands		-4,907,295		$1,000,000		1		24

		Maximum, thousands		4,844,118		$2,000,000		2		23

		Percentage confidence interval		95.0%		$3,000,000		3		15

		Lower Conf. Int., Mean NPV, thousands		182,988		$4,000,000		4		1

		Upper Conf. Int., Mean NPV, thousands		789,783		$100,000,000		>4		1

										100

		Analysis

		Year		1		2		3		4		5		6		7		8		9		10

		Inflation factor				1.0487		1.0777		1.0381		1.0733		1.0572		1.0396		1.0354		1.0299		1.0518

		Demand (1,000s)		85.2530		82.4533		102.2627		71.4407		54.1531		104.4717		84.6608		67.6741		69.6455		90.1930

		Production (1,000s)		120.0000		115.2530		112.4533		132.2627		101.4407		84.1531		134.4717		114.6608		97.6741		99.6455

		VarProdcost/car($1,000s)		7.7905		8.1696		8.8043		9.1393		9.8090		10.3705		10.7807		11.1625		11.4968		12.0922

		Sales price ($1,000s)		11.0000		11.5353		12.4315		12.9046		13.8502		14.6430		15.2222		15.7613		16.2332		17.0740

		Variable production costs ($millions)		934.8561		941.5670		990.0730		1208.7918		995.0335		872.7090		1449.7047		1279.9054		1122.9376		1204.9355

		Revenue ($millions)		1205.3349		1215.9695		1359.9597		1471.3279		1208.4871		1232.2494		1819.4874		1585.0320		1449.0690		1652.9295

		NPV Calculation, $1,000:

		Fixed cost		2,601,553

		Variable costs		6,589,763

		Revenue		8,498,272

		Total NPV		-693,045

		Data table, for 100 simulations

		Data table		-693,045

		1		547720.496254363

		2		1795698.94235026

		3		2541196.52406943

		4		1319557.49355996

		5		736518.037934028

		6		4844117.91350807

		7		927122.717080712

		8		-722125.807559879

		9		2207018.84759081

		10		28092.8370925691

		11		-1017460.00494755

		12		-271385.84559098

		13		-4907295.29309518

		14		-1074583.05632369

		15		-980780.679189298

		16		2126585.50695393

		17		2056413.76039161

		18		-304536.910293077

		19		-1594006.1563403

		20		-1959091.94990508

		21		1117948.87711301

		22		929375.801668742

		23		1644557.6024275

		24		2196122.66824462

		25		-1354709.06427197

		26		-295554.093509037

		27		-1006327.51909411

		28		1491359.67517843

		29		-43147.2347272569

		30		-1710020.89517261

		31		-611756.206619422

		32		181990.405477145

		33		695350.011106767

		34		-2956006.31917647

		35		1841432.40220054

		36		1652165.63057123

		37		2058244.91119618

		38		-758795.853281565

		39		2685549.49814925

		40		-1246120.55576449

		41		1198321.91301567

		42		2159059.86373154

		43		-1189496.17091056

		44		-2318524.3105876

		45		2561223.76855717

		46		1167395.20297685

		47		1193422.5814686

		48		868543.724538799

		49		155732.096391662

		50		178858.649702159

		51		1292633.64558655

		52		891217.002572772

		53		524205.417886402

		54		1149740.23482107

		55		2682239.48913747

		56		-203170.744103655

		57		72537.5896109156

		58		749427.199875654

		59		1971170.65717846

		60		67394.8955522142

		61		1840055.18605385

		62		1796768.22149372

		63		2250095.15689662

		64		-1797272.38508509

		65		793768.173477566

		66		2531992.70958265

		67		1376612.88277242

		68		-426300.502949193

		69		2165412.08939794

		70		-876838.180677256

		71		-1368419.7839042

		72		1852870.65918668

		73		69608.7810338866

		74		1573089.94699335

		75		286318.998733202

		76		-890942.028468445

		77		1288180.76416468

		78		-385387.614058045

		79		-2614839.75146173

		80		1312381.07390394

		81		101327.833360439

		82		-996339.449027276

		83		-502374.9837187

		84		1929121.53370844

		85		-1612251.2092816

		86		769819.957944407

		87		3924566.39365345

		88		2109559.91687631

		89		14363.3167053852

		90		702211.91217877

		91		920001.516204542

		92		1075102.43413444

		93		518902.614567627

		94		-787634.109900892

		95		-1169780.10098474

		96		-464071.653030469

		97		1712084.91100158

		98		-676851.427170601

		99		2371012.15987987

		100		-59736.7704362283
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Appendix: Job Advertisement from ChicagoTribune.com (March 30, 2006).

Wealth Management Specialist
Location: Chicago

Req'd Education: 4 Year Degree
Req'd Experience: At Least 3 Years
Req'd Travel: Not Specified
Relocation Covered: No

DESCRIPTION Nuveen Investments is an investment management firm with more than $130
Billion in assets under management catering primarily to high net worth investors and the
advisors that serve them. The Nuveen Investments Wealth Management Services Group provides
consulting services to leading financial advisors through education and training on client-focused
wealth management solutions that help them build enhanced, more holistic relationships with
their clients.

The Wealth Management Specialist will work closely with Wealth Management Consultants and
Nuveen Advisor Consultants (who call on financial advisors to offer Nuveen investment
solutions) to extend Nuveen’s business partnerships with advisors nationwide.

Primary Responsibilities:

Provide wealth management and financial planning counsel and support to financial advisor
clients primarily via electronic communication and conference calls with occasional personal
interface, including presentations. An integral part of this support is the preparation of a variety
of financial illustrations, including Monte Carlo Simulation and Net Unrealized Appreciation
analysis, utilizing analytical tools and software, and reviewing the results with advisors.

Assist in research, development, writing and updating of educational materials for advisors
including white papers, program materials; research topics for media briefings to be used in
Managing Director’s media interviews.

REQUIREMENTS

e 3-7 years of financial services and/or investment consulting experience preferred.

e A Certified Financial Planner (CFP) is preferred; an MBA, CIMA and/or CFA would be
useful.

e Familiarity with financial planning concepts, tools and software.

e Analytic/qualitative ability; proficient in Excel, the creation of scenarios, and
PowerPoint.

e Polished interpersonal, written and verbal communication skills, including excellent
telephone skills to communicate with financial advisors and Nuveen Advisor
Consultants.

e Effective time management and follow through skills.

e Ability to work as a member of a team as well as independently.

e An interest in working with financial advisors to help them achieve success.
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