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COST‑VOLUME‑PROFIT ANALYSIS
Many managerial decisions require an analysis of the behavior of costs and profits as a function of the expected volume of sales.  In the short run, the costs and prices of a firm's products will, in general, be given.  The principal uncertainty, therefore, is not the cost or price of a product, but the quantity that will be sold.  Thus, the short‑run profitability of a product line will be most sensitive to the volume of sales.  Cost‑volume‑profit (C‑V‑P) analysis highlights the effect of changes in volume on profitability.  Many assumptions are usually made to facilitate the C‑V‑P analysis, most of which can be relaxed to approximate more realistic or complex situations.  Here, the model is deterministic in that all cost and revenue functions, are assumed to be known for certain.  (For a more general treatment of CVP under uncertainty, see A. Atkinson and R. Kaplan, Advanced Management Accounting, Prentice‑Hall 1989.)

Functional/ Absorption  Vs. Contribution/ Variable Income Statement:

Example: SAMSON COMPANY
The following cost data pertains to the operations of Samson Company for the year ending December 1996.

(in thousands of dollars) 

Direct Material




$7.00 

Direct Labor





$4.00 

Indirect Factory Overhead



$4.00 (Note: of this only $1.00  is variable)

Selling & Marketing Expenses


$3.00 (Note: of this only $1.00  is variable) 

Administrative Expense



$1.00 (Note: of this only $0.10  is variable)

Total Sales
Revenue



$20.00

Premises of CVP ‑ analysis
‑Use of accounting information in planning operations

‑Based on simplified economic model

‑To simplify analysis, we adopt the following assumptions (which result in a linear model):

1.
Marginal revenue is constant. 

2.
Short‑run marginal cost is constant.

3.
No variation in prices of inputs.

4.
No change in production technology.

5.
Production efficiency doesn't change. 

6.
Constant inventory levels.

7.
Volume is the only relevant factor affecting costs. 

‑  Costs are categorized as:

1. Fixed costs ‑ constant regardless of the output level over the relevant range.

2. Variable costs ‑ constant per unit; thus, total is directly proportional to level of output.

A.   Single Product Firms
The following notation is adopted:

Net income = NI

Total variable cost = TV

Total fixed cost = TF 

Price per unit = p

 
Variable cost per unit = v 

Quantity = q 

Then, 

NI = Sales ‑ TV ‑ TF


=  p*q ‑ v*q ‑ TF

=  (p ‑ v)*q ‑ TF


  where:  p ‑ v  is the Unit Contribution Margin (UCM) , and 

 
    (p ‑ v)*q  is the (total) Contribution Margin (CM).

Question:  How does the contribution margin differ from the gross margin?

‑  Breakeven (BE) point ‑ the level of activity in which NI = 0  , or,

Total Revenues  =  Total Expenses
 thus,

  BE point in units  =  (TF / UCM) = (TF / (p‑v))


  BE point in dollars  =  (TF / CM%)
   where CM% = ( (p‑v) / p)

Graph of CVP Relationships
‑  Target Net Income (TNI) ‑ To find the level of activity required for attaining a given TNI, we need to treat this TNI as a fixed cost; the analysis is just as before.  When the Target NI is given in terms of after‑tax dollars, we should adjust this number to its before‑tax amount.

Example 1
Price = $10, variable cost per unit = $6, fixed costs = $30,000.  The tax rate is 50%.  What is the BE point?  How many units must be sold to make an after tax net profit of $5,000?  What will your answer be if the required after‑tax profit is  $ 10,000?

Example 2
Variable cost per unit = $8, fixed costs = $20,000.  The desired profit is $80,000 and we can sell 50,000 units.  How much should we charge per unit?

Profit‑Volume Relationships
The Profit‑Volume Graph 
Definition:  Operating Leverage ‑ the effect of a change in volume on profit. In the above graph, Firm I has higher operating leverage than Firm II.

Example:
THE ROSEN COMPANY 
The Rosen Company makes deluxe bookcases to special order. The Controller has given you, her newly hired assistant, the task of computing various types of costs for the year ending December 31,  1993. You are troubled because all the data produced by the routine  accounting  system  do not distinguish between variable and fixed costs. 

After talking to various managers and laboring with statistical regressions, you have identified various  cost behavior patterns  to your satisfaction. You have  determined a breakeven point of $360,000. Your computations  were relatively easy  because Rosen's policy is not to carry inventories. Instead,  the  company finishes  pending orders sometime in December and gives all employees  vacations  that end in early January.

The income statement included a gross margin of $130,000, sales of $600,000, direct labor of $170,000,  and direct materials used of $220,000. The contribution margin was $150,000, and the variable manufacturing overhead was $20,000.

Required:
Compute the following. You need not work these in sequence.

1.
Fixed manufacturing overhead.

2.
Variable marketing and administrative costs.

3.
Fixed marketing and administrative costs.    
B.  Multiple Products
Dealing with the multi-product firm requires not only an estimate of sales but also an estimate of sales mix, if we are to deal with products on an individual basis.  In general, estimates of the contribution margin for a group of products is done from the historical accounting records.  The total contribution margin % for the group is divided by the total revenue for the group giving the average contribution margin % for the group.  

Question:  What problems do you see with this method of estimating?

Note:  When a BE point is given in terms of $ sales, it is not unique.  There may be  many combinations which yield the same BE.

Composite Unit (CU) ‑ any combination of the different products that  maintains the assumed product mix ratio.

Composite Contribution Margin (CCM) ‑ 

Example 3:  Multi-product BE


 A 
 B 
 C 
Sales mix ratio
1/8
3/8
4/8

Selling price
1.00
2.00
3.00

VC per unit
0.50
1.50
2.00
UCM
  0.50
0.50
1.00
Fixed costs   ‑   $60,000
Required: Calculate the BE point in units & dollars for products A, B and C.

Solution:


 A 
 B 
 C  

UCM  
.50
.50
1.00

  times

Sales mix 
  1
  3  
     4


CCM
.50
+     1.50  
  +        4         
=       $6  

BE point in Composite Units  =  F(TF,CCM)  =  f(l(60,000),6)    =  10,000   CU's

BE point


 A
B
C 
Composite Units
10,000
10,000
10,000

  times

Sales mix          
         1
         3
           4
BE point (units)
10,000
30,000
40,000

  times

Selling price
        1
        2
         3
BE ($) 
10,000
60,000
120,000


Check
Sales:
A
10,000


B
60,000


C
    120,000


190,000
VC:   A 
0.50
  5,000

          B 
1.50
45,000

          C 
2.00
80,000


    130,000
CM  

    60,000

TF 

60,000
NI
                                         0     
Required:  Rework the above for a CU ratio of  3 : 9 : 12 . 

C.  CVP Analysis with Multiple Products and Production Constraints
A major benefit of C‑V‑P analysis in a multi-product environment is that it allows us to identify products with high contribution margins.  Managers often direct their efforts to increasing the output of high‑contribution‑margin (HCM) products and thereby maximize the contribution margin to cover fixed costs.  However, we should not always attempt to maximize the sales of HCM products.  Often we face constraints on how much of each product we can produce or sell.  The existence of such constraints may imply that maximizing production of HCM products in sub‑optimal. Consider the following

Example 4
A firm produces two products: 1 and 2.  Product 1 requires 3 hours of machine time per unit, while product 2 requires 6 hours of machine time per unit.



 Product 
  UCM

MH Per Unit


 1

    6
3



2

    8
 6

Considering only contribution margins, product 2 appears to be more profitable.  Indeed, if there were no constraints on production, the firm should focus on product 2.  But assume now that a maximum of 24,000 hours of machine time are available.  If we produce and sell only product 2, the best we can do is to produce 24,000/6 = 4,000 units of product 2 for a contribution of $32,000.  On the other hand, if we produce 1 only,  we could produce 24,000/3 = 8,000 units, yielding a total contribution of $48,000.

Note: To find an optimal product mix in the presence of capacity constraints amounts to solving a linear programming problem.

D.   Separating Fixed and Variable Costs in Practice
  ‑ The most common methods in practice: 

1. Managerial Judgment   (Account Analysis)

2. Time and Motion Studies (Engineering Approach)


3. Scatter Graph method  (Visual Curve-Fitting)

4. Ordinary Least Square (Regression Approach) 

5. High‑Low method (Crude Regression)


‑ For product mix decisions it is essential to separate fixed costs into avoidable and unavoidable fixed costs. 

‑   In a recent NAA study of 25 U.S. firms, the following were cited as purposes for separated fixed and variable costs:

Purpose
Number of  Citations*
Budgeting
12

Capital Expenditures
 3

Special Orders
 3

Variance Analysis
 5

Direct Costing
 4

Breakeven Analysis
 5

Pricing 
12

Profitability Analysis‑‑new products
 7

Profitability Analysis‑‑ existing products
10

Other
 1

*Number of citations totals more than 25 because some firms cited more than one purpose.
