COST-VOLUME-PROFIT ANALYSIS
Cost-Volume-Profit analysis (CVP) is a very useful tool that managers can use to estimate what the effects of various changes would be to their profits or how many items they’d have to sell to earn a certain profit level.
For example, if I told you that you were going to sell products for $25 each, that your variable costs would run $15 each, and that you had fixed costs (for rent) of $100 a month, you could probably figure out fairly easily how many you’d have to sell before you could start earning a profit. You’d take the $25 and subtract the $15 to get $10. Then you’d divide the $100 by the $10 to determine that you’d have to sell 10 items before you earned a profit. Then if you sold one more item, you’d have $10 profit. If you sold two more items, your profit would be $20. But if you only sold 7 items, you’d lose $30.
We’re going to take that intuitive solution you did in your head and come up with some formulas that we can use for other situations (and more difficult numbers).
Some of the key terms and abbreviations I’ll be using are as follows:

	SP
	Selling price per unit

	DM
	Direct material cost per unit

	DL
	Direct labor cost per unit

	VOH
	Variable overhead cost per unit

	FOH
	Fixed overhead per period of time

	VS/G/A
	Variable selling/general/administrative cost per unit

	FS/G/A  
	Fixed selling/general/administrative costs per period of time

	VCU
	Variable costs per unit = DM + DL + VOH + VS/G/A

	TFC
	Total fixed costs per period of time = FOH + FS/G/A

	CMU
	Contribution margin per unit = SP – VCU

	CMR
	Contribution margin ratio = CMU / SP (stated as a percent)

	Xu
	Number of units sold

	X$
	Sales dollars for the number of units sold = Xu times SP

	P
	Profit, before taxes


CVP is based on the basic contribution margin income statement formula:

SP(Xu) – VCU(Xu) – TFC = P

If any of these components are unknown, such as the selling price per unit or the number of units sold, we can solve for the unknown.

So we could determine how many units we’d have to sell to achieve a specific profit level if we knew how much we planned to sell one item for, the variable cost per unit, the total fixed costs, and the profit we wanted.

We can rearrange this formula to get a very useful formula.

	SP(Xu) – VCU(Xu) – TFC = P

	Subtract TFC from both sides.



	SP(Xu) – VCU(Xu)  = TFC + P
	Factor (Xu) from both terms of the left side.



	Xu(SP – VCU) = TFC + P
	SP – VCU is called the contribution margin per unit. It’s how much we have left over from our sales dollars after paying the variable costs to cover our fixed costs—and generate a profit.

Substitute CMU for (SP – VCU)



	Xu(CMU)  = TFC + P
	Divide both sides by CMU



	Xu = (TFC + P) / CMU
	


And this is how we solved the problem at the top. We subtracted the $15 variable costs from the $25 selling price to get a contribution margin per unit of $10. Then we divided the total fixed costs of $100 by $10 to find out that we needed 10 units before we could earn a profit. The situation where the revenues (SP times Xu) exactly equals the costs is called Breakeven. Profit is zero. The total fixed costs equal the total contribution margin.
We can use Xu = (TFC + P) / CMU to solve for any unknown. (Yes, that includes selling price or variable costs because we know that CMU = SP – VCU.)

Every time an item is sold, the profit changes by an amount equal to the CMU. So if you sell one more unit than breakeven, your profit will equal the CMU. If you sell one less unit than breakeven, your loss will equal the CMU.

Sometimes we don’t have the selling price or the variable costs per unit. We may have to work from total sales and total variable costs. We can still solve problems. The contribution margin ratio (CMR) is equal to either CMU / SP or Total CM / Total Sales. Both will give you the same percentage ratio. It does change our formula just a bit, because, if we divide dollars by a percentage, we get an answer in dollars instead of units. So the new formula is
X$ = (TFC + P) / CMR

	For example…
The following basic data applies to these problems:
	
	
	
	

	
	SP
	$9.00 
	per unit sold
	
	
	
	

	
	DM
	$0.70 
	per unit produced
	
	
	
	

	
	DL
	$1.20 
	per unit produced
	
	
	
	

	
	VOH
	$0.28 
	per unit produced
	
	
	
	

	
	FOH
	$5,000 
	per year
	
	
	
	
	

	
	V S&A
	$1.20 
	per unit sold
	
	
	
	

	
	F S&A
	$177,000 
	per year
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	First determine the variable costs per unit: 
	DM
	$0.70 
	
	
	

	
	
	
	
	DL
	$1.20 
	
	
	

	
	
	
	
	VOH
	$0.28 
	
	
	

	
	
	
	
	V S&A
	$1.20 
	
	
	

	
	
	
	
	
	$3.38 
	
	
	

	
	
	
	
	
	
	
	
	

	Then figure the contribution margin per unit:
	SP
	$9.00 
	
	
	

	
	
	
	
	TVC
	(3.38)
	
	
	

	
	
	
	
	CMU
	$5.62 
	
	
	

	
	
	
	
	
	
	
	
	

	You can also calculate the contribution
	CMU
	$5.62 
	62.4%
	CMR
	

	margin ratio
	
	
	SP
	$9.00 
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Next find the total fixed costs:
	
	FOH
	$5,000 
	
	
	

	
	
	
	
	F S&A
	177,000 
	
	
	

	
	
	
	
	
	$182,000 
	
	
	

	
	
	
	
	
	
	
	
	

	The basic formula solves for number of units sold, Xu
	
	
	
	

	
	
	
	
	
	
	
	
	

	Xu = 
	(TFC + Profit)
	
	At breakeven, profit is zero. 
	
	
	

	
	CMU
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	So at breakeven, how many units must be sold?
	
	
	
	

	
	Xu =
	$182,000 + 0
	32,384.3 
	Rounded up, this would be 
	

	
	
	$5.62 
	
	
	
	32,385
	units
	

	Note: We round up because we can’t sell a partial unit and we prefer to be on the positive side of profit.

	You can also solve for the dollar amount of sales volume, X$.
	
	
	

	
	
	
	
	
	
	
	
	

	X$ =
	(TFC + Profit)
	=
	$182,000 + 0
	$291,459
	rounded sales dollars

	
	CMR
	
	62.4%
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	You can solve for any unknown: the number (or dollar amount) of sales, the total fixed costs,

	the profit, or the contribution margin (ratio). And you can even solve for sales price or variable costs 

	by substituting (SP - VC) for CMU or ((SP-VC)/SP) for CMR.
	
	
	

	How much profit would there be if 50,000 units were sold?
	
	
	

	50,000 =
	$182,000 + P
	
	P =
	$99,000
	
	
	

	
	       $5.62
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	How much would sales dollars have to be to have a profit of $200,000?
	
	

	X$ =
	$182,000 + $200,000
	
	X$ =
	$611,744
	rounded
	
	

	
	62.4%
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	If 45,000 units are sold, what selling price would you have to have to earn $100,000 profit?
	

	
	
	
	
	
	
	
	
	

	45,000 =
	$182,000 + $100,000
	
	
	
	
	
	
	

	
	SP - $3.38
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	SP - $3.38 = $282,000 / 45,000
	
	
	
	
	
	

	SP =
	$9.65 
	rounded
	
	
	
	
	
	


Multiple Products

Most companies sell more than one product. A sales mix is the relative proportion of sales of each type of product. For example, a company may sell 10% of product X, 50% of product Y, and the remaining 40% of sales from product Z. With this sales mix, a basket of products would have 1 unit of X, 5 of Y, and 4 of Z—a total of 10 units of products in a basket. There are several ways to solve multiple product problems. The key is to use either an average CMU or an average CMR for a “basket” of products based on the sales mix.  

To find the average CMU, multiply each product’s CMU by its sales mix percent. Add the results together to get the average CMU. Dividing by the average CMU will give you the number of “baskets” to be sold. To find the number of units of each product, multiply the number of baskets by the sales mix percent for each product. 
To find the average CMR, divide the total contribution margin of all products by the total sales dollars. Dividing by the average CMR will give you the total sales dollars – from all products. To find the sales dollars for each product, multiply the total sales dollars by each product’s sales mix percentage.

Changing the sales mix so that more of the product with the highest contribution margin will lower the breakeven point—and increase profits if you can sell more.

CVP Assumptions

When performing CVF analysis, we make the following assumptions within the relevant range:

· The selling price stays constant as volume changes.
· The variable cost per unit stays constant as volume changes.

· The total fixed cost per period stays constant as volume changes.

· The sales mix remains constant throughout the period.

· Inventories do not change.

· The number of units sold equals the number of units produced.

Degree of Operating Leverage

Operating leverage is a measure of how sensitive net operating income is to a change in sales dollars. The degree of operating leverage equals the contribution margin divided by net operating income. DOL = CM/NOI

	Example:
	Sales
	$123,000

	
	Less Variable costs
	75,000

	
	Contribution margin
	48,000

	
	Less Fixed costs
	42,000

	
	Net operating income
	$6,000


DOL = $48,000 / $6,000 = 8
What this tells us is that if sales increase by 10%, net operating income will increase by an amount equal to the change in sales times the DOL, or % change in sales x DOL = % change in net operating income. 10% x 8 = 80%. 
80% x $6,000 = $4,800 more profit making the new operating income $10,800 ($6,000 + $4,800).

	Proof:
	
	Original
	10% more sales

	
	Sales
	$123,000
	$135,300

	
	Less Variable costs
	75,000
	82,500

	
	Contribution margin
	48,000
	52,800

	
	Less Fixed costs
	42,000
	42,000

	
	Net operating income
	$6,000
	$10,800


Notice that when the sales increased by 10%, the variable costs and contribution margin also increased by 10%, but the fixed costs did not change. We could have proved the solution by simply multiplying the original contribution by 10%, which equals the change in net operating income. 10% x $48,000 = $4,800.  

The degree of operating leverage is highest when a company’s sales are close to breakeven. It doesn’t take much increase in sales to boost income. However, the further a company is from breakeven, the lower the DOL becomes—making a much smaller boost in net operating income from the same increase in sales.

The cost structure of a company refers to the relative fixed and variable costs of a company. A highly automated company will have high fixed costs; one that is less highly automated will have lower fixed costs. High fixed costs lead to greater contribution margin. Once breakeven is reached, profits will increase quickly from the larger CMU—but a company will have to sell more just to reach breakeven. Selling below breakeven can lead to big losses, too. Companies with a higher proportion of fixed costs in relation to variable costs will have a higher degree of operating leverage.
On the other hand, companies with lower fixed costs tend to have higher variable costs—and lower contribution margins. The breakeven point is lower, but each additional unit sold will not increase the profits as much.

Which is better: high fixed costs or low fixed costs? It depends. Both have advantages and disadvantages.

Margin of Safety
The margin of safety gives you a measurement of your comfort level. It’s the excess of actual sales over breakeven sales.
MS = Total sales – Break-even sales

It can also be stated as a percent: MS% = MS dollars / Total sales

If you only sell one product, the margin of safety can also be stated in units: MS units = Total units sold – breakeven units sold

The larger the margin of safety, the less likely the company is to have a loss. The smaller the margin of safety, the greater the likelihood the company will fall below breakeven into a loss.

To increase the margin of safety, a company needs to increase total sales or decrease the break-even point or both.

To decrease the break-even point, a company needs to decrease fixed expenses of increase CMU.

To increase CMU, a company needs to increase the selling price or decrease the variable cost per unit.
