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Introduction

• All actual cost data points are important, but…
• Manufacturing techniques, acquisition practices, systems engineering 

processes have changed over time
• Causes loss of relevance in older data points

• All historical actual data points are adjusted for escalation, and the older 
the data point, the greater the escalation adjustment

• Causes loss of accuracy in older data points

• Therefore, we suggest a weighting process, based on escalation 
indices, that de-emphasizes “older” data points and emphasizes “newer” 
data points in the CER development process

• Dials down loss of relevance and accuracy, dials up emphasis on more 
recent history

• This study proposes a weighting process that…
• May improve CER performance by emphasizing more recent cost data

• Can be applied to new CERs as well as existing CERs and CER 
updates

3
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Motivation: Why Are We Proposing This?

• First, older data points are sometimes “different” than 
newer data points
• Manufacturing process changes

• Technological advances

• Changes in acquisition practices

• Lessons learned

• Second, and more importantly, escalation adjustments 
add uncertainty that makes older data point costs less 
reliable
• Because escalation factors are themselves estimates

• The older the data point, the more the escalation, and the more 
uncertainty

4
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Example of Escalation Uncertainty

• This graph illustrates the proportion of actual cost to
escalation adjustment by cost mid-year (1970-2020)

5

• Newer “actual” cost data
points have
proportionally more
embedded actual cost

• Older “actual” cost data
points have
proportionally more
embedded escalation
adjustment

Actual cost

Additional cost due to
escalation adjustment

The older the data point, the more uncertainty it contains due to 
escalation adjustment
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Ordinary Least Squares Pathfinder

• We start simple, with an OLS example

• Contains a mix of newer and older actual costs, all 
escalated to FY24$

6

X Y
7 498.9$            
9 169.8$            

12 1,152.3$        
22 558.4$            
24 3,332.0$        
29 1,259.0$        
34 1,280.8$        
36 3,087.1$        
36 1,173.7$        
42 1,617.8$        
47 1,361.9$        
48 1,452.4$        
55 1,203.0$        
59 1,154.2$        
60 1,079.8$        
67 2,112.0$        
70 1,725.8$        
70 1,451.8$        
71 3,672.3$        
75 1,968.6$        
76 1,405.1$        
89 2,314.7$        
96 3,797.5$        
99 2,225.8$        

100 2,205.2$        
101 2,359.4$        
103 2,022.6$        
111 2,055.7$        
113 2,593.3$        
124 2,324.6$        
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All data points shown are fictional, used for purposes of illustration
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Basic OLS Procedure

• We seek a model of the 
form:

• Each data point is 
described as:

• The job is to find and 
by minimizing:

• OLS has an analytical 
solution to this problem:

• Relevant OLS statistics 
are:
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OLS Results For This Problem

• The trend is clearly captured, but the regression line is
obviously offset by the older data points

• Regression Model:

• Statistics:

8

All data points shown are fictional, used for purposes of illustration
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Inflation
Base Index
Year W X Y
2006 0.652 7 498.9$            
2012 0.747 9 169.8$            
2008 0.700 12 1,152.3$        
2012 0.747 22 558.4$            
1972 0.145 24 3,332.0$        
2017 0.807 29 1,259.0$        
2022 0.926 34 1,280.8$        
1972 0.145 36 3,087.1$        
2010 0.725 36 1,173.7$        
2019 0.845 42 1,617.8$        
2012 0.747 47 1,361.9$        
2014 0.770 48 1,452.4$        
2020 0.861 55 1,203.0$        
2009 0.715 59 1,154.2$        
2024 1.000 60 1,079.8$        
2025 1.000 67 2,112.0$        
2017 0.807 70 1,725.8$        
2005 0.634 70 1,451.8$        
1971 0.138 71 3,672.3$        
2014 0.770 75 1,968.6$        
2008 0.700 76 1,405.1$        
2020 0.861 89 2,314.7$        
1973 0.151 96 3,797.5$        
2006 0.652 99 2,225.8$        
2013 0.757 100 2,205.2$        
2017 0.807 101 2,359.4$        
2016 0.793 103 2,022.6$        
2025 1.000 111 2,055.7$        
2025 1.000 113 2,593.3$        
2016 0.793 124 2,324.6$        

 $-
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 $1,000.0

 $1,500.0

 $2,000.0

 $2,500.0
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Y

Weighted OLS Pathfinder

• Now we introduce the escalation index as our weights

• Note that the weights are used to adjust the residuals, 
not the actual data points
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All data points shown are fictional, used for purposes of illustration
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Okay, But Why Use Escalation Rates?

• Didn’t we just say that escalation rates introduce
uncertainty?
• Yes, but now we are using them for an entirely different purpose

that doesn’t depend on their absolute precision

• Now we want to use them as a way to measure the relative
importance of cost data by their age

• Older data points less important

• Newer data points more important

• Escalation rates are well-suited for this
• Well-understood and readily available

• Monotonic and asymptotic to zero

• 0 ≤ “relevant range” ≤ 1

• Nearly linear in the range that we need them

10
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Weighted OLS (WOLS) Procedure

• We still seek a model of 
the form:

• Each data point is 
described as:

• But each data point has 
an associated weight, 

• So, now the job is to find 
and by minimizing:

• WOLS has an analytical 
solution to this problem:

• Relevant WOLS statistics 
are:

11

௜ ௜ ௜
ଶ

௡

௜ୀଵ

௜ ௜ ௜ ௜
ଶ

௜ ௜ ௜ ௜ ௜

௜ ௜ ௜
ଶ

௜ ௜
ଶ

௜ ௜ ௜ ௜ ௜ ௜ ௜ ௜

௜ ௜ ௜
ଶ

௜ ௜
ଶ

௜ ௜ ௜
ଶ

௜

𝑅ଶ
ௐ =

∑ 𝑤௜ ∑ 𝑤௜𝑥௜𝑦௜ − ∑ 𝑤௜𝑥௜ ∑ 𝑤௜𝑦௜
ଶ

∑ 𝑤௜ ∑ 𝑤௜𝑥௜
ଶ − ∑ 𝑤௜𝑥௜

ଶ ∑ 𝑤௜ ∑ 𝑤௜𝑦௜
ଶ − ∑ 𝑤௜𝑦௜

ଶ

Presented at the ICEAA 2026 Professional Development & Training Workshop - www.iceaaonline.com/nfk2026



BPO/CAAG

UNCLASSIFIED

UNCLASSIFIED

Weighted OLS Results For This Problem

• The weighted regression provides a better fit to the bulk 
of the newer data and practically ignores the oldest data

• New Regression Model:    

• Better Fit:

12

All data points shown are fictional, used for purposes of illustration
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What Can We Learn From This?

• There is obviously some potential improvement to be 
had

• By weighting (de-weighting) the four “old” data points we 
were able to produce a much better fit to the “newer” 
data points

• Better estimates, better standard error, better 

• Red: original model

• Blue: weighted model

13

All data points shown are fictional, used for purposes of illustration
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But Who Uses OLS?

• Well…nobody – at least not in the cost community1

• But there is no reason to think this kind of improvement can’t be 
achieved with other regression techniques

• So let’s try some

• Typical CERs are curves, with either additive or 
multiplicative errors

14
1Some CERs are derived using log-OLS

All data points shown are fictional, used for purposes of illustration
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Let’s Apply Weighted Residuals to GERM

• Many CAAG CERs have been derived using the ZMPE 
form of GERM

• GERM can be thought of as a “brute force” regression 
methodology, suitable for a wide variety of functional 
forms
• Many functional similarities to OLS

• Seems reasonable that we could apply the same weighting 
principles to GERM that we’ve applied to OLS

• Now we will apply weighted residuals to the ZMPE form 
of GERM
• Will use the ௖ functional form, since it is common

15
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Unweighted ZMPE Example

• We start with a simple unweighted ZMPE example

• Contains a mix of newer and older actual costs, all 
escalated to FY24$

16

All data points shown are fictional, used for purposes of illustration
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Basic ZMPE Procedure

• We seek a model of the 
form:

• Each data point is 
described as:

• The job is to find , and 
by minimizing the sum 

of squared percent errors:

• ZMPE solves this 
problem using numerical 
optimization (e.g., Excel’s 
Solver)

• Relevant ZMPE statistics 
are:
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Unweighted ZMPE Results For This Problem

• The trend is clearly captured, but the regression curve is 
obviously offset by the older data points

• Regression Model:   

• Statistics:

18

All data points shown are fictional, used for purposes of illustration
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• Now we introduce the escalation index as our weights to 
de-emphasize the older data points

Weighted ZMPE Example

19

All data points shown are fictional, used for purposes of illustration
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Weighted ZMPE Procedure

• We still seek a model of 
the form:

• Each data point is 
described as:

• But each data point has 
an associated weight, , 
so, now the job is to find 

, and by minimizing:

• Weighted ZMPE solves 
this problem using 
numerical optimization 
(e.g., Excel’s Solver)

• Relevant weighted ZMPE 
statistics are:
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Weighted Pearson’s 

• The weighted Pearson’s serves as an analog to the 
OLS coefficient of determination, 
• It is the squared weighted correlation between the estimated 

values of Y, f(x), and the actual values of Y

• Indicates how well the estimates track to the actual costs
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Weighted ZMPE Results For This Problem

• The weighted regression provides a better fit to the bulk 
of the newer data and practically ignores the oldest data

• New Regression Model:    

• Better Fit:

22

All data points shown are fictional, used for purposes of illustration
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What Can We Learn From This?

• Again, there is obviously some potential improvement to 
be gained

• By weighting (de-weighting) the four “old” data points we 
were able to produce a better fit to the “newer” data 
points

• Better estimates, better standard error, better 

23

Unweighted Regression Weighted Regression

All data points shown are fictional, used for purposes of illustration
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Fine, But Does it Work on Real CAAG CERs?

• Everything we’ve seen so far was based on fictional data 
to make the point that there is potential improvement to 
be gained by weighting residuals

• But is it worth it to go through this effort to improve real 
CAAG CERs?

• Here we will apply the process to two approved CAAG 
CERs to test the theory
• CER A

• CER B

24
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Unique ID Unit Wt LBS
Production 
Qty (BPC)

Other Tech 
Variable

AUC 2000$K CMY Infl. Index

System 1 1984 0.3467
System 2 1989 0.4062
System 3 1984 0.3467
System 4 1984 0.3467
System 5 2006 0.6522
System 6 2006 0.6522
System 7 1977 0.2057
System 8 1985 0.3585
System 9 1997 0.5117
System 10 1997 0.5117
System 11 2002 0.5874
System 12 2002 0.5874
System 13 2002 0.5874
System 14 2011 0.7379
System 15 2002 0.5874
System 16 2007 0.6763
System 17 2007 0.6763
System 18 1997 0.5117
System 19 1997 0.5117
System 20 1997 0.5117
System 21 1975 0.1802
System 22 1975 0.1802
System 23 1979 0.2382
System 24 1997 0.5117
System 25 1997 0.5117
System 26 1997 0.5117
System 27 1992 0.4529
System 28 1991 0.4406
System 29 1991 0.4406
System 30 1991 0.4406
System 31 1999 0.5369
System 32 1999 0.5369
System 33 1999 0.5369
System 34 1999 0.5369
System 35 2004 0.6168
System 36 2004 0.6168
System 37 2004 0.6168
System 38 2004 0.6168
System 39 2007 0.6763
System 40 2007 0.6763
System 41 2007 0.6763
System 42 2007 0.6763
System 43 1996 0.4987
System 44 2002 0.5874
System 45 2002 0.5874
System 46 1980 0.2606
System 47 1980 0.2606
System 48 1994 0.4745
System 49 1975 0.1802
System 50 1996 0.4987
System 51 2018 0.8286
System 52 2018 0.8286
System 53 2018 0.8286
System 54 2018 0.8286
System 55 2018 0.8286
System 56 1995 0.4862
System 57 2014 0.7700
System 58 2014 0.7700
System 59 1975 0.1802

CER A

• This CER has 59 data points 
with CMYs distributed between 
1975 and 2018

• Approved CER – reproduced 
using ZMPE

25
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Unweighted CER A

• Unweighted “Actuals vs. 
Estimates” plot

• Actuals are relatively equally 
dispersed above and below the 
estimates

• Unweighted “Percent Error vs. 
Cost Mid-Year” plot

• Likewise, the percent errors 
(residuals) are relatively equally 
dispersed positively and negatively

• However, the residual trend has a 
pronounced negative slope

• Tendency to under-estimate older 
data points and over-estimate 
newer data points

• Ideally, we would like the trend line 
to have zero slope

26

Presented at the ICEAA 2026 Professional Development & Training Workshop - www.iceaaonline.com/nfk2026



BPO/CAAG

UNCLASSIFIED

UNCLASSIFIED

Weighted CER A

• Now we apply the weighted residuals concept to develop 
a new CER…

• The resulting weighted CER is:

• The weighted standard percent error (WSPE) is:

• The weighted Pearson’s is:
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Weighted CER A

• Weighted “Actuals vs. 
Estimates” plot

• Again, the actuals are relatively 
equally dispersed above and below 
the estimates, but the fit is tighter, 
the Pearson’s ଶ is better, and the 
WSPE is smaller than the SPE

• Weighted “Percent Error vs. 
Cost Mid-Year” plot

• Again, the residuals are relatively 
equally dispersed positively and 
negatively

• However, the residual trend slope 
is now near zero, virtually 
eliminating the temporal trend

• Additionally, the residuals have 
shrunk in magnitude overall, 
especially for the older data points

28
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Side-by-Side Comparison
CER A

• Unweighted CER • Weighted CER

29
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CER B

• This CER has 38 data points 
with CMYs distributed between 
1967 and 2008

• Approved CER – reproduced 
using ZMPE

30
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Unweighted CER B

• Unweighted “Actuals vs. 
Estimates” plot

• Actuals are relatively equally 
dispersed above and below the 
estimates

• Unweighted “Percent Error vs. 
Cost Mid-Year” plot

• Likewise, the percent errors 
(residuals) are relatively equally 
dispersed positively and negatively

• However, the residual trend has a 
slightly positive slope

• Small tendency to over-estimate 
older data points and under-
estimate newer data points

• Ideally, we would like the trend line 
to have zero slope

31

Presented at the ICEAA 2026 Professional Development & Training Workshop - www.iceaaonline.com/nfk2026



BPO/CAAG

UNCLASSIFIED

UNCLASSIFIED

Weighted CER B

• Now we apply the weighted residuals concept to develop 
a new CER…

• The resulting weighted CER is:

• The weighted standard percent error (WSPE) is:

• The weighted Pearson’s is:
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Weighted CER B

• Weighted “Actuals vs. 
Estimates” plot

• Again, the actuals are relatively 
equally dispersed above and below 
the estimates, but we see mixed 
results

• Both Pearson’s ଶ and WSPE are 
slightly better, but overall no 
significant difference

• Weighted “Percent Error vs. 
Cost Mid-Year” plot

• Again, the residuals are relatively 
equally dispersed positively and 
negatively

• However, the residual trend slope 
remains mostly unchanged

• But, the residuals have shrunk in 
magnitude overall, especially for 
the older data points

33
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Side-by-Side Comparison
CER B

• Unweighted CER • Weighted CER

34
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How Did Weighting Affect This CER?

• We see mixed results in this example
• The magnitude of Percent Errors vs. Cost Mid-Year shrunk 

significantly, but the temporal trend didn’t improve much, and the 
CER remained essentially unchanged

• What happened?
• Most of the data points pre-date 1995, so the vast majority of 

data points are “old”

• Of these data points, the residuals are uniformly distributed, so 
adjusting for escalation tightened the residuals uniformly, 
resulting in very little change to the CER characteristics

• The application of weighted residuals didn’t make much 
difference here because there is essentially nothing wrong with 
the CER that could be “fixed” using weighting

• Since the CER is already well-behaved, the addition of weighted 
residuals caused no harm and had little overall impact

35
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How Could This Be Applied at CAAG?

• Implementation really only requires three simple changes to the 
CER development workbooks
• Add a column of escalation factors that provides the escalation factor for 

each cost mid-year – the “weights”

• Whenever a residual or squared residual is calculated, change the 
formula to multiply the residual or squared residual by its associated 
escalation factor

• Change the formulation of the standard error or standard percent error, 
the ଶ, and the bias to include the weights

• After these changes are made, perform the regression as usual  
• With respect to the evaluation of CERs, CAAG estimators would still be 

able to draw analogies and “calibrate” to historical data in the same way 
they always have, because the underlying data structure remains 
unchanged

• So, this would be a very low-impact change to the organization’s 
processes

36
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Is It Worth It?

• It makes sense to do it – PRIMARY REASON
• We know that older data points are less reliable than newer data points, 

mostly because of escalation uncertainty – we are attempting to control 
this

• It makes sense to de-emphasize these older data points

• It can improve problematic CERs
• Some CERs are “unjustly” biased by older data points in a way that 

affects their ability to accurately predict costs for newer data points or 
future estimates

• Application of this method can reduce or eliminate this bias, making the 
CER more robust for use in estimating the cost of future systems.

• It causes no harm for “well-behaved” CERs
• For well-behaved CERs that are not apparently biased by older data 

points, the application of this method, at worst, does nothing, and at 
best offers a modest improvement to the CER’s robustness

37
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Conclusions and Recommendations

• We’ve made the case that it is feasible and may be beneficial to weight 
regression residuals using escalation indices

• We applied the weighted residual process to ordinary least squares and 
multiplicative (ZMPE) GERM, as well as to two recent CAAG-derived CERs

• The examples herein show that CERs can be adjusted to better fit more 
recent cost data by emphasizing newer data points and de-emphasizing 
older data points

• We have also presented the mathematics necessary to derive adjusted 
goodness-of-fit metrics, to include the standard error or standard percent 
error, R2 or Pearson’s R2, and bias

• Recommend considering the use of the escalation-weighted residual 
process on future CER development efforts, as well as on CER updates

• Also recommend an additional study on the application of weighted 
residuals when performing log ordinary least squares (log-OLS) because a 
sizable subset of CAAG CERs are developed using log-OLS procedures
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