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Most financial plans are based on single-value estimates 
—the best possible, granted, but still assumptions. The 
author suggests using an entire range of figures for 
each variable to improve —

FINANCIAL PLANNING AND CONTROL

by Hugh J. Watson
University of Georgia

An important ingredient in the 
mix of factors that leads to 

continued business success is the 
preparation of pro forma financial 
statements. These statements are 
the basis for management’s per
formance of planning and control.

Financial planners have been 
turning recently to simulation as a 
method for preparing financial state
ments.1 While those who use simu
lation find that they are required 
to take more care in thinking about 
the future, they are rewarded with 
more information for decision-mak
ing purposes.2 This article details 
and illustrates how probabilistic 
simulation can be used to provide 
improved information for financial 
planning and control. The prepara
tion of a pro forma income state
ment is used as an example.

Most financial planning is deter

ministic. This means that only sin
gle-valued estimates are made for 
each variable in the model. For ex
ample, the estimate for next year’s 
total sales might be $740,000, even 
though the analyst does not believe 
that total sales will be exactly this 
amount. Shown in Exhibit 1, on 
page 44, is a typical deterministic 
pro forma statement for 197___

Based upon this financial analysis 
the estimate for net income after 
taxes for 197__ would be $77,000. 
Of course it is exceedingly unlikely 
that it will be exactly this amount, 
but this is the best available figure 
for planning and control purposes.

Unfortunately, the deterministic 
analysis does not provide any infor
mation as to how widely the net 
income figure might vary. There 
are a number of planning and con
trol situations that cry out for 

this type of information; as illus
trated by the following examples.

Let’s assume that management 
would go ahead with a proposed 
plant expansion if it was 95 per cent 
certain that net income after taxes 
in 197__ would be $55,000 or more. 
However, this information is not 
available from the deterministic an
alysis; thus, management is uncer
tain whether or not to undertake 
the plant expansion.

At the conclusion of 197__  net
income after taxes turns out to be 
$35,000 instead of the budgeted 
amount. Should this variation from 
the expected be viewed with sur
prised alarm or, rather, resignation 
that the possible did indeed hap
pen? The deterministic analysis pro
vides no answer to this question.

What management needs in many 
instances is information about how
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EXHIBIT I

Budgeted Income Statement 
For the Year Ending December 31, 197—

Total Sales . ..................................................................................
Cost of Goods Sold .............................................................................
Selling Expense..........................................................................
General and Administrative Expense ....................................
Research and Development Expense
Interest Expense .................................................................
Total Expenses.......................................................................... ..............
Net Income Before Taxes .................................................................
Income Taxes ...............................
Net Income After Taxes . . ..............

widely the budget estimate might 
vary and with what likelihood. This 
type of information is available only 
through a probabilistic analysis.

In order to generate a probabilis
tic estimate of net income after 
taxes, management must provide 
this type of information for the vari
ables. Exhibit 2 on page 45 shows 
this type of information for a vari
able frequently encountered in fi
nancial analysis, total sales. The 
cumulative probability curve was 
generated by management’s re
sponses to the following question:3 
“In line with your best judgment, 
what chance would you assign to 
total sales being equal to or less 
than X dollars?”

HUGH J. WATSON is as
sistant professor of man
agement at the Univer
sity of Georgia. He is a 
member of the American 
Institute of Decision Sci
ences and several hon
orary societies. Dr. Wat
son received his B.A. 
from Purdue University

X
Probability 

(Total Sales=X)
$ 300,000 0.05

400,000 0.10
500,000 0.20
600,000 0.38
700,000 0.60
800,000 0.71
900,000 0.80

1,000,000 0.86
1,100,000 0.92

and his M.B.A. and D.B.A. from Florida State 
University. His articles have appeared in a 
number of professional journals and he is 
continuing research in the application of 
quantitative methods.

$740,000
230,000
170,000
165,000

14,000
7.000

586,000

154,000
77,000

$ 77,000

1,200,000 0.95
1,300,000 0.98

In a similar manner probabilistic 
estimates can be generated for the 
other variables. One would simply 
be talking about selling expense, in
terest expense, etc., instead of total 
sales.

In order to have a probabilistic 
estimate of net income, the data in
puts for the budget variables must 
be algebraically combined. Two ap
proaches to this problem are avail
able—(1) analytic or (2) numeric. 
The analytic approach is the most 
precise but requires considerable 
mathematical and statistical train
ing to understand and apply.4 The 
requisite skills are not possessed by 
most practicing managers. The nu
meric approach, the one presented 
here, requires little background in 
mathematics and statistics. It usu
ally does demand, however, ac
cess to a digital computer. Once 
the basic program is developed, 
though, the probabilistic analysis 
can be performed repeatedly at 
minimal cost.

Fortunately, all of the probability 
distributions can be combined to 
provide a probabilistic estimate of 
net income after taxes—but through 
the use of simulation, not by analy
tical methods.

Simulation analysis

A simulation approach to the 
problem replaces the difficult math
ematical and statistical operations 
with a large number of relatively 

easy computations.5 The manager 
needs to specify the relationships 
between the variables in the bud
get, express his intended actions if 
certain conditions arise (e.g., what 
will be done to research and de
velopment expenditures if total 
sales are dropping below $300,- 
000?), and generate probability dis
tributions for the variables (as was 
done for total sales).

Assume that management has es
tablished a model for the pro forma 
income statement, as shown in Ex
hibit 3 on page 45."

In the model presented in Exhibit 
3 two variables, total sales and re
search and development expense, 
are treated independently of the 
other variables. Certainly, this treat
ment involves at least a slight over
simplification. However, as a first 
approximation it may be satisfac
tory. Total sales are influenced more 
by variables outside of the model, 
e.g., the general level of the econ
omy, than by budget variables. Re
search and development expendi
tures are primarily at management’s 
discretion and need not be related 
to any other variable.7

Variables-sales relationship

There are a number of variables 
in the model that are probabilistic
ally related to total sales. For ex
ample, the cost of goods sold is 
equal to a probabilistic estimate of 
fixed costs, plus a probabilistic esti
mate of variable costs, multiplied by 
total sales (TC = FC + VC X S). 
The analyst must provide probabil
istic estimates for the fixed and 
variable components of total cost 
unless such costs are known with 
certainty?

Some variables may not always 
require probabilistic estimates. If 
the analyst is certain about the 
amount of debt outstanding and 
the interest rate(s) on that debt, 
only a single-valued estimate is 
needed for interest expense. In the 
illustrated simulation the estimates 
for the interest rate, outstanding 
debt, and tax rate are assumed to 
be known with certainty.

And finally, some of the variables
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1.0

Total Sales ($100,000)

in the model do not require esti
mates at all since their values are 
completely derived from the values 
of the other variables. For example, 
total expenses is simply the sum
mation of all the other expense 
variables.

Once the model and necessary 
estimates are prepared, a table of 
uniform random numbers and a 
work sheet are all that is needed to 
begin the simulation.9 The analyst 
begins by randomly selecting a 
starting point in the random num
ber table and recording the selected 
number on the work sheet (see Table 
1 on page 46). The number drawn 
(59 in this case) is then associated 
with a value for total sales. The 
association is made by interpreting 
the random number as a cumulative 
probability (with an implied deci
mal point in front of the random 
number), and by noting the value 
for total sales that relates to the 
cumulative probability. For exam
ple, from Exhibit 2 it can be seen 
that $695,000 of sales is associated 

with the random number 59.
The procedure is repeated for the 

next variable, cost of goods sold. 
The cumulative probability distri
bution for fixed cost of goods sold 
(only the probability distribution 
for total sales is shown in this arti
cle) indicates that the next random 
number, 09, relates to $41,000. For 
the variable component of cost of 
goods sold, a cost of $0.20 is asso

EXHIBIT 3

Total Sales = Total Sales

Cost of Goods Sold = Fixed Cost of Goods Sold + Variable Cost of Goods Sold 
x Total Sales

Selling Expense — Fixed Selling Expense Variable Selling Expense x Total Sales

General and Administrative Expense = Fixed General and Administrative Expense + 
Variable General and Administrative Expense 
x Total Sales

Research and Development Expense = Research and Development Expense
Interest Expense = Interest Rate x Outstanding Debt
Total Expenses = Summation of All Expenses
Net Income Before Taxes = Total Sales — Total Expenses
Income Taxes = Tax Rate x Net Income Before Taxes
Net Income After Taxes = Net Income Before Taxes — Income Taxes

ciated with the random number 20. 
The total variable cost of goods 
sold is then computed.

$0.20 x $695,000 = $139,000

The total cost of goods sold is 
the sum of the fixed and variable 
components.

$41,000 + $139,000 = $180,000

The next two variables in the

November-December, 1972 45



TABLE I
1 st Iteration 2nd Iteration 200th Iteration

Random Simulated Random Simulated • • • Random Simulated
Number Activity Number  Activity Number Activity

Total Sales 59 $695,000 54 $676,000 42 $620,000

  Fixed 09 41,000 60 63,000 88 81,500
Cost of Goods Sold  

  Variable 20 139,000 69 167,000 08 126,000

  Fixed 33 50,500 76 86,300 91 110,000
Selling Expense  

  Variable 49 69,500 62 92,500 28 35,000

General & Administrative   Fixed 95 152,000 27 110,200 29 112,500
Expense   Variable 56 22,000 34 16,000 84 38,000

Research & Development 41 15,000 48 16,000 13 10,000
Expense

Interest Expense 7,000 7,000 7,000

Total Expenses 496,000 558,000 520,000

Net Income Before Taxes 199,000 118,000 100,000

Income Taxes 99,500 59,000 50,000

Net Income After Taxes $ 99,500 59,000 50,000

budget are selling expense and gen
eral and administrative expense. 
Each of these expenses is similar 
to the cost of goods sold in that 
it has fixed and variable com
ponents. Their values in the first 
iteration are obtained in a manner 
analogous to that for the cost of 
goods sold.

In the model, research and de
velopment expense is independent 
of any other variable. Its value is 
obtained by generating a random 
number (41) and relating it to a 
cost ($15,000).

The remaining variables in the 
budget do not require random 
numbers. Their values are either 
known with certainty or are com
pletely derived from the values of 
the other variables. All of the val
ues are recorded on the worksheet.

The first repetition through the 

model provides an estimate of 
$99,500 for net income after taxes. 
In order to generate the entire 
probability distribution for net in
come it is necessary to perform 
many repeat runs. The greater the 
number of repetitions, the greater 
the precision of the probability dis
tribution for income.10 Once all the 
iterations are completed, the output 
of the simulation can be analyzed. 
The illustrated analysis of net in
come includes computing its mean 
and standard deviation, placing the 
simulated values in a frequency 
distribution, and preparing a prob
ability histogram (see Table 1 and 
Exhibit 4 on page 47). The com
pleted analysis permits the expres
sion of probability statements for 
net income after taxes in 197—.

Now recall the two situations that 
were encountered earlier but could 

not be analyzed by deterministic 
methods. Each example required 
probabilistic information to perform 
the analysis.

The planning example was con
cerned with the likelihood that net 
income after taxes in 197— will be 
equal to or greater than $55,000. 
Management has stated that it will 
go ahead with the proposed plant 
expansion if this likelihood is 95 
per cent or more. The probabilistic 
analysis reveals, however, that there 
is only a 63.5 per cent probability 
that net income after taxes will ex
ceed $55,000. This probability is 
obtained by summing the relative 
frequencies in those classes that are 
equal to or greater than $55,000 
(0.355 + 0.140 + 0.070 + 0.040 
+ 0.015 + 0.010 + 0.005 = 0.635 
= 63.5 per cent) or by noting the 
area under the probability histo-
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Net Income After Taxes

Arithmetic Mean = I = -

Standard Deviation = S =

∑ I = $66,050 

n

√ ∑(I - 66,050)2 = $29,450

  n — 1

Net Income After Taxes

-$5,000 - 15,000
15,000 — 35,000 
35,000 - 55,000 
55,000 - 75,000 
75,000 - 95,000 
95,000 - 115,000

115,000 - 135,000 
135,000 - 155,000 
155,000 - 175,000 
175,000 — 195,000

Frequency Relative Frequency

4 0.020
23 0.115
46 0.230
71 0.355
28 0.140
14 0.070

8 0.040
3 0.015
2 0.010
1 0.005

200 1.000



Generating the entire probability distribution for income requires many repeat runs

gram from $55,000 on up. Since the 
actual probability is considerably 
below the 95 per cent level, man
agement will probably not plan on 
expansion activities in 197—.

The control example involved in
terpreting the actual net income 
after taxes figure at the close of 
197—. Specifically, how should 
management respond to a net in
come figure of $35,000? While a 
definite answer cannot be made 
for management, it can be noted 
that the probabilistic analysis indi
cated a 13.5 per cent chance (0.020 
+ 0.115 = 0.135 = 13.5 per cent) 
that net income would be equal to 
or less than $35,000. Management 
probably is not pleased with the 
197— effort, but it should not be 
too surprised to find net income 
this low.

Performing sensitivity analysis on 
a model, including the pro forma 
income statement, generates valu
able information for management. 
“Sensitivity analysis” is a term used 
to describe the process of varying 
a model’s data inputs over certain 
ranges and noting the effect on the 
model’s output. Those data inputs 
which have little effect on the mod
el’s output are described as being 
relatively insensitive while those 
that significantly affect the model’s 
output are considered to be sensi
tive.11

There are a number of reasons 
why sensitivity analysis should be 
performed. First, management can 
determine the effect on the model’s 
output if the estimates for the data 
inputs are in error. For example, 
what is the effect on net income 

after taxes if the estimate for total 
sales is overstated by, say, 10 per 
cent? This information can be ob
tained by rerunning the simulation 
with a new probability distribution 
for total sales.

Knowing which variables in a 
model are most sensitive allows 
management to key its control sys
tem to those sensitive variables. 
For example, if total sales is a sen
sitive variable and begins to drop 
below expected levels, management 
should have pre-planned responses 
in mind.

Sensitivity analysis also indicates 
when the gathering of additional 
information might be most bene
ficial. The potential impact of more 
information is to change the esti
mates for some of the variables. 
However, the only changes in the
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A probabilistic method of 
analysis is superior to 
deterministic methods 
because of the increased 
amount of information that 
is provided for decision
making purposes. The 
manager has available to him 
information as to how 
widely a variable might vary.

data inputs that affect the model’s 
output are for the sensitive vari
ables. For this reason, additional 
information-gathering efforts should 
be slight for an insensitive vari
able.

Conclusion

This article has attempted to 
demonstrate through the prepara
tion of a pro forma income state
ment that probabilistic financial 
statements can be prepared with
out encountering prohibitively diffi
cult mathematical operations.

A probabilistic method of analy
sis is superior to deterministic 
methods because of the increased 
amount of information that is pro
vided for decision-making purposes. 
The manager has available to him 
information as to how widely a 
variable might vary. This addi
tional information can lead to the 
formulation of probability state
ments that are useful in perform
ing the planning-control process.

The probabilistic simulation tech
nique can be applied to many 
financial planning situations. Prob
abilistic cash budgets can be pre
pared.12 Capitalization requirements 
for new and expanding firms can 
be analyzed.13 A probabilistic esti
mate of a project’s return on invest
ment can be made.14 The breakeven 
point for new products can be prob
abilistically estimated.15

Financial planning is turning from 
deterministic to probabilistic meth
ods of analysis. Probabilistic simu
lation is particularly suitable for 
this purpose because of its capacity 
for handling complex relationships.
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