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9.1 INTRODUCTION



Previous Topics

• Cost and Project Estimating Methods
• Cost drivers (not just monetary value)
• Fixed vs. variable Costs
• Cost Analysis (Account analysis, High-low 

method, Scatter graph method, and 
Regression analysis



Parametric cost estimating (PCE) – Key Terms
• Parametric cost estimate:  Estimate derived from 

statistical correlation of historic  system costs with 
performance and/or physical attributes of the system 

• Parametric cost model:  A mathematical representation of 
parametric cost estimating relationships that provides a 
logical and predictable correlation between  the physical 
or functional characteristics of a system and the resultant 
cost  of the system  
– comprises  CERs  (cost estimating relationships) and  other  parametric  

estimating  functions,  (e g ,  cost/quantity  relationships, inflation factors, 
staff skills, schedules, etc. )  

– yield product or service costs at designated levels and may provide  a 
departmentalized breakdown of generic cost elements  

– provides  a  logical  and  repeatable  relationship  between  input  variables 
and resultant costs

LCA p 246



PCE – Key Terms (continued)
• Cost estimating relationship:  An  algorithm  relating  the  cost  

of  an  element  to  physical  or  functional  characteristics  of  
that  cost  element  or  a  separate  cost element, or relating 
the cost of one cost element to the cost of another element
– can be a functional relationship between one variable and  

another and may represent a statistical relationship 
between some well-defined program element and some 
specific cost  

– many costs can be related to  other costs or non-cost 
variables in some fashion, but not all such relationships can 
be turned into a CER (cost estimating relationship) 

• CER:  A mathematical expression that describes, for predictive
purposes, the cost of an item or activity as a function of one 
or more  independent variables 

LCA p 246



Some Forms of CER



FIGURE 9.1  Process for determining 
parametric cost estimates

LCS p 245CER (cost estimating relationship) 
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Example 9.1 – Basic CER

LCA p 247

This is an example of linear regression model



Example 9.3 – Impact of Consumables

The radar’s consumables include all of the internal cable assemblies,  low-cost  power  
supplies,  and  other  various  low-cost  components  that  fail  This relationship  covers only 
the O&S costs for consumable components and piece parts  It does  not include consumables 
such as fuel, lubricants, corrosion treatment solutions,  etc.   Even  for  a  low-maintenance  
item  such  as  radar,  there  can  be  significant  hidden costs 

FH = flight hour

LC p. 248



Example 9.4 – Project Estimation

• A bridge is to be constructed to span a distance of 3000 feet 
across a shallow river, as shown above.

• A preliminary study concluded that a series of equal- span 
simple trusses is most suitable.  It is estimated that the two end 
piers, A  and B, will cost $400,000 each.

• The remaining piers, which will be located in water, can be 
constructed anywhere in the crossing at a cost of $800,000 per  
pier. Each bridge truss of length L (feet) costs 80 times L2

LCA p 249



Example 9.4 Solution

Count them

Truss strength based on length
LCA p 248



Example 9.4 – CER (Truss Length)

Why not evenly spaced data points? Why is it near linear?
LCA p 249



Checked with Excel
Qty Unit $ Item

3000 Span Distance

Truss length (L) 300 500 600 750 1,000

Interior Piers (n) 9 5 4 3 2

$80 Truss Cost 80L2 $7,200,000 $20,000,000 $28,800,000 $45,000,000 $80,000,000 

$800,000 Interior Pier Cost $7,200,000 $4,000,000 $3,200,000 $2,400,000 $1,600,000 

2 $400,000 End Piers $800,000 $800,000 $800,000 $800,000 $800,000 

Total Cost $15,200,000 $24,800,000 $32,800,000 $48,200,000 $82,400,000 
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Observe: Shorter truss – more piers costs less



Behavior of Physical Properties
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Impact of Physical Attribute





How do you get the CER?

• Reliable historical cost, schedule, and technical data 
or a set of data points 

• Work Breakdown Structure (WBS), WBS dictionary, 
product tree, and/or physical architecture 

• Analysis to determine significant cost drivers 
• Knowledge of basic statistics and software

SLC p. 174
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¨Left side shows the an example CER and data points.  Since this is a 
second order equation (not a straight line) the relationship is a curve.

¨A second order equation plots to log-log graph as a straight line and 
is convenient for the user, especially when the data range is wide.
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Adjusting Historical Prices to Constant$

y = 11.324x - 8912.3
R² = 0.9655
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Actual$ Adjusted$ Linear (Adjusted$)

Project Weight Actual$ Year Adjusted$ Year Adjust CPI
A 1000 1500 1995 2041 2007 1.360512
B 900 1200 1998 1526 2007 1.272037
C 1200 4800 2007 4800 2007 1
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Complexity is an adjustment to a CER to compensate for a project’s unique 
features that aren’t accounted for in the CER historical data.

Description

System is “off the shelf” ; minor modifications .2

System’s basic design exists; few technical 
issues; 20% new design and development

.4

.7

1.0

System requires new design, development, and qualification; 
significant technology development; multiple contractors

1.3

System’s design is similar to an existing design; some 
technical issues; 20% technical issues; 80% new design 
and development
System requires new design, development, and 
qualification; some technology development needed 
(normal system development)

System requires new design, development and 
qualification; major technology development

1.7

System requires new design, development and qualification; 
major technology development; crash schedule

2.0

Use of Complexity Factors

Complexity 
Factor



9.3.1 ROLE OF STATISTICS

LCA p. 252



Statistical Approaches

• Regression (Excel) – right-click data point on x-y 
scatter plot – add trendline

• Many techniques: simple, multiple, and curvilinear 
regression 

• Complex methods: neural  networks,  genetic  
algorithms

Biggest  challenge: understanding  the  goodness  of  fit  
for  the  data  and  the  validity  of  the  equations  even  
for  statistically  significant models 



Find the Underlying Driver – Don’t Believe 
Your Statistics





Source: Wikipedia



See the Big Picture



Example 9.5

LCA Figure 9.6 p. 253



Visual Indicator of Predictive Ability 



Load the Analysis ToolPak



Select Data Analysis



CAR PRICE CER IN EXCEL



Selecting the Data



Regression – Raw Data

Linear R2

Curb 
weight 

(lbs) Base Price
Curb 
weight 
(lbs) 1
Base Price 0.417899 1

Remove ZerosWith Zeros

Linear R2

Curb 
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Curb 
weight 
(lbs) 1
Base Price 0.482614 1
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Regression – Sort (by Weight - Remove Outliers)



Regression – Sort (by Weight - Remove Outliers)
By Weight By Base Price (and Weight)
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Linear R2 Curb weight (lbs) Base Price
Curb weight (lbs) 1
Base Price 0.551811 1



Excel 
(right click on data point)

Add Trendline Options



Trendline Results

Linear Power
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Exponential Trendline – Realistic?

Rolls Royce

Ferrari
Lamborghini

y = 3011.9e0.0007x

R² = 0.5359
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Remove Outliers: Zero data, Expensive 
cars (Rolls Royce, Lamborghini, McLaren)

Expensive Removed Exponential

Linear R2 Curb weight (lbs) Base Price
Curb weight (lbs) 1
Base Price 0.662035 1
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Next Step? More Outliers or Trends
After Remove Outliers: Zero data, Expensive cars (Rolls Royce, Lamborghini, McLaren)

Remove or Keep?

Luxury CER?
y = 3139.3e0.0007x

R² = 0.6061
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