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Show of Hands

= Who has used an escalation or inflation table in an estimate/model?
= Who has developed an escalation/inflation table?

Average Annual
Consumer Price Index (CPI)
(1982 -1984 =100)

Year CPl | Year CPlI | Year CPI

1976 56.9 | 1989 1240 2001 1771
1977 606 [ 1990 1307 | 2002 179.9
1976 652 [ 1991 1362 | 2003 184.0
1979 726 | 1992 1403 | 2004 188.9
1980 B82.4 | 1993 1445 | 2005 1935.3
1981 909 | 1994 1482 | 2006 201.6
1982 96.5 | 1995 1524 | 2007 207.3
1983 996 | 1996 1569 | 2008 215.3
1984 1039|1997 1605 | 2009 2145
1985 1076|1998 163.0 [ 2010 218.1
1986 1096|1999 1666 | 2011 2249
1987 1136|2000 1722 | 2012 2296
1988 118.3
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Overview

= Thesis - Cost analysts can and should improve the credibility of their estimates via
discrete treatment of escalation uncertainty based on historical forecast accuracy

Escalating the Problem:

Leverage Error Statistics to answer Guiding Questions

Analyze Global Insights / Moving Average Forecasts
against Bureau of Labor Statistics Data
Construct Dynamic Moving Average Model

@ Collect Historical Escalation Data / Forecasts

/‘I';echnomics
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Guiding Questions

1. How statistically accurate (or inaccurate) are escalation forecasts?

2. Where will the commercial model outperform the moving average model and vice
versa? Will the difference be visible based on index volatility, prediction years, or

commodity type?

3. “Did accuracy increase as moving average years increased?” and “Did accuracy

decrease as prediction years increased, as would be expected?”

I‘I’}echnomics
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Background and Data Sources

OOOOE

Collect Historical Escalation Data / Forecasts
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Background

Escalation Inputs:

(1) Factors that historically occurred /
are projected forward }

CYS
(2) Factors that may have historical
analogies but rely on scheduled future
events

o

Inflation

Cost

Escalation

Real Price Change

CPS$

J

(3) "Unknown Unknowns"

Time
CP = Constant Price (no escalation or inflation
CY = Constant Year (real price change)

TY = Then Year (Real Price Change + Inflation =
Escalation)

Escalation Forecasts rely on a combination of Inputs to model Real Price Change

/‘I';echnomics 8



Escalation Data Sources
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Category Title Short Title
Energy Gas Fuels Gas

AHE Manufacturing Manufacturing
Steel Iron and Steel Steel
Fabricated Metals Aluminum Cans Aluminum
Chemicals Industrial Chemicals Chemicals
Building Materials Lumber and Wood Products Wood

Electrical Components

Semiconductor & Other

Electronic Components

Semiconductors

Sample BLS Index Values, 2004-2021
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Paper
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Defense & Aerospace

Search, Detection & Navigation
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Defense Instruments
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BLS data via BLS website:

- Date range 2004-2022

- Monthly indices; used average to
calculate annual values

Global Insights data in MS Excel format:
- Date range 2006-2023 (partial)
- Monthly and Annual indices
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Model Development

Construct Dynamic Moving Average Model

OOOOE
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Method

Moving Average Model has three primary selection criteria that align with desired inputs:

1. Index — Select from the 10 sample indices curated

2. Moving Average Years — Select the number of years of historical data to inform model predictions.
« Annual/Quarterly: One, Two-, or Three-year moving average

3. Prediction Years — Select the number of years the model should forecast.
* Annual: One-, Two-, Five-, or Ten-year prediction
* Quarterly: One- or Two-year prediction

Line up Actual BLS

Calculate MA Values, MA MoM and

Calculate % Delta % over Multiply MA % and

previous BLS Index
Value

Average Predicted
YoY predictions, and
Global Insights
Predictions

Index Values over
Specified Range

MoM and YoY specified # of
Years

Note: from here on, MA = Moving Average, MoM = Month over Month, YoY = Year over Year

/‘I';echnomics 11
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Analysis Framework and Statistics Overview

Analyze Global Insights / Moving Average Forecasts against Bureau of Labor Statistics Data

OOOOE
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Analysis Framework

* Analytical Framework:
1. Develop MA Percentage

Use MA Percentage to project index value

2.

3. Calculate error percentage between MA MoM, MA YoY, and Global
Insights models against actual BLS values

4.

Calculate error statistics

* Number of MA Trials:
= Quarterly =60 Trials (1, 2, or 3 MA years x 1 or 2 Prediction years)
= Annual =120 Trials (1, 2, or 3 MAyears x 1, 2, 5, or 10 Prediction
years
= Thus, 180 Trials of MA Models per sample index

I‘I}echnomics 13



Error Statistics
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Statistic Calculation Explanation
Exi
Mean X = Measures arithmetic mean of data (outliers contribute).
n
y —th ] .
Median _((n+1)] Measures the 501 percentile of date (outliers do not
*= | 2 | contribute).
Standard Yix—x)2
. | = Measures spread of data.
Deviation J n—1
Range Maximum - Minimum | Measures the accuracy window for all outcomes in sample.
1 L Measures dispersion of forecast errors, sensitive to large
RMSE Z{y-, — 32 errors (i.e., outliers); optimal values should be close to zero,
n r=1 large RMSE indicates high model error.
Y
: n Measures dispersion of forecast errors, less sensitive to
MAPE l ¥y — -1':| outliers, sensitive to near-zero input values; optimal values
n= y should be close to zero, large MAPE indicates high model
error.

RMSE = Root Mean Square Error
MAPE = Mean Absolute Percentage Error (considered most important statistic)

/‘I'}echnomics 14
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Data Framework

- Sample Data (Defense Instruments, 2 Year MA, 2 Year Forecast)

1. BLS Actual and Model Predicted Index Values
Global MoM

2. Model Value Percent Error from BLS Index
Global

Year Quarter BLS Insights Year Quarter .. ahts MoM YoY
2011 Q1 131.8 1275 132.6 2011 Q1 -3.24% 0.60% 1.47%
2012 Q1 1351 134.0 1350 137 1 2012 Q1 081% 0.59% 1.49%
2013 Q1 1382 135.8 1392 1418 2013 Q1 171% 073% 2 64%
2014 Q1 1401 1301 1416 1432 > 2014 Q1 074% 1.09% 2 25%
2015 Q1 142.9 1423 143 4 2015 Q1 042% 037% 1.19%
2016 Q1 144.9 142.8 146.9 2016 Q1 -145% 1.36% 2 15%
2017 Q1 148.4 144 1 149.0 2017 Q1 -2.89% 0.40% 1.30%
2019 Q1 163.6 153.5 164.8 2019 Q1 6.16% 072% 3.66%
2020 Q1 172.4 155.8 1756 2020 Q1 _9.64% 1.88% 6.05%
2021 Q1 172.4 166.3 1813 5091 Qi 2 559% 5 10% 6.90%
3. Error Statistics
easure Global T YoY Q1 - Quarterly Model Error Values
Insights Lo looo
Min -0 64% 0.37% 1.10% = oo
Max -0.42% 1.88% 6.05% g, @
Range 9.22% 1.52% 4.86% > 5€ oo =
Std Dev 2 88% 0.48% 1.48% £ )
Average | -3.05% 0.83% 2.51% 5
Median -2.30% 0.66% 2.20% 10.00%
RMSE 6.74 1.48 4.60
* MAPE 327 123 2 91 M Global Insights [l MoM [ Yoy

/‘I'}echnomics 15
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Data Analysis

Leverage Error Statistics to answer Guiding Questions

OOOOE
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Data Analysis (1)

How statistically accurate (or inaccurate) are escalation forecasts?
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Data Analysis (2)

Where did the commercial model outperform the moving average model and vice versa? Was the
difference visible based on index volatility, prediction years, or commodity type?

MA Model outperforms Global
Insights in 80% of quarterly and 87%
of annual 1- and 2-year trials

Annual Trial Data — 10-Index Summary

MA Model underperforms Global

Insights in 90% of annual 5- and 10-

year trials

Annual Trial Data — 10-Index Summary

MA ¥rs - MA ¥rs - MAYrs -
Predict Yrs Model MAPE Predict Yrs Model MAPE || Predict Yrs Model MAPE
1 MA 1 Pred |Global Imsights| 7.65 2 MA 1 Pred | Global Insights| 633 3 MA 1 Pred | Global Imsights| 537
1 MA 1 Pred 2 MA 1 Pred 3 MA 1 Pred
1MA 1 Pred Yoy 11.03 2 M4 1 Pred Yoy 484 3 MA 1 Pred YoY 437
1 MA 2 Pred | Global Insights| 10.49 ?2 MA 2 Pred | Global Insights| B37 3 MA 2 Pred | Global Insights| 7.40
1 MA 2 Pred 2 WA 2 Pred 3 MA 2 Pred Mo 5.64
1 MA 2 Pred YoY 1B8.77 2 MA 2 Pred Yoy 6.00 3 MA 2 Pred
[ 1 ma 5 pred |SIGBSIRSIERENISEN] | 2 Ma 5 pred [GIBBSNRSEREINIBGEN | 3 MA 5 Pred
1 MA 5 Pred Mo 53 88 2 MA 5 Pred Mo 1852 3 MA 5 Pred Mo 1759
1 MA S Pred Yoy 53.54 2 MA S Pred Yoy 2172 3 MA 5 Pred Yoy 11.30
1 MA 10 Pred Mol 42302 | 2 MA 10 Pred Mo 36.64 ||3 MA 10 Pred Mo 3254
1 MA 10 Pred Yo¥ 116.39 || 2 MA 10 Pred YoY 61.90 (|3 MA 10 Pred Yo¥ 32.74

MAPE

1MA 1MA 2 MA 2MA 3 MA 3 MA
Index 1Pred 2 Pred 1Pred 2 Pred 1 Pred 2 Pred
CEU 3000000008 YoY YoY YoY YoY
PCU3222113222110) MaoM MoM Mol Mo MoM YoY
PCU33441-33441- YoY YoY YoY MoM YoY YoY
PCU334511334511 YoY MoM YoY MaM YoY YoY
PCU336413336413
WPU053
WPUDG1
WPUOS
WPU101
WPU103103

I‘I’}echnomics
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Data Analysis (3)

“Did accuracy increase as moving average years increased?” and “Did accuracy decrease as
prediction years increased, as would be expected?”

Annual Trial Data — 10-Index Summary, 2 MA Annual Trial Data — 10-Index Summary, 3 MA

/‘I';achnomics

Accuracy I as MA I

MA Yrs- MA Yrs -

Predict Yrs Model Average | Median RMSE MAPE Predict Yrs Model Average | Median RMSE MAPE
2 MA 1 Pred Global Insights 0.016 0.016 19.72 6.33 3MA1Pred | Global Insights 0.028 0.022 15.28 5.37
2 MA 1 Pred Mo M 3 MA 1 Pred Mo M 0.010

2 MA 1 Pred Yoy 0.008 0.005 13.41 4.84 3 MA 1 Pred Yo 0.028 14.35 a.37
2 MA 2 Pred Global Insights 0.035 0.026 3 MA 2 Pred | Global Insights 0.050 0.031 15.95 7.40
2 MA 2 Pred Mo M 0.029 0.021 3 MA 2 Pred Mo M 0.038 0.016 13.98 5.64
2 MA 2 Pred Yoy 3 MA 2 Pred Yoy

2 MASPred | Global Insights 3 MAS Pred | Global Insights

2 MAS Pred Mo 3 MAS Pred Mo i

2 MA5 Pred YoY 3 MAS Pred YoY
2 MA 10 Pred | Global Insights |NORISoNIR OIS0 e e 3 MA 10 Pred | Global Insights | RNONSon R NORE s o e oe |
2 MA 10 Pred Mo o.874 0.465 2207.09 36.64 3 MA 10 Pred Mo M 0.818 0.384 185.30 32.54
2 MA 10 Pred Yoy 1.338 0.539 511.33 61.90 3 MA 10 Pred Yoy 0.688 0.289 151.77 32.74

Accuracy l as Prediction Yrs I
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Results and Recommendations

@ Derive Initial Results and Recommendations

OO

/‘I';echnomics
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Cost Example

Years 2% Annual BLS Global MoM YoY
Actual Insights
Base 51,000,000 F1.000,000 0 $1,000,000 [ $1.000,000 | 51,000,000
_ . 1 1,020,000 $1.024 224 | 1,016,503 | 31,015,897 | $1,020,439
Example. Compare various 2 $1.040.400 | $1,049962 | $1.030.129 | $1.062.074 | $1.074.943
I I 5 51,104,081 F1.099924 1 ¥1.071,083 | $1.186,223 | §1,183 195
eSC_alatl_()n methOdS for a ple_Ce Of 10 31,218,994 | 1331567 | $1,133,005 | $1,990,916 | 31,820,590
navigational equipment costing
$1 Miin Then Year 2011 S1M Unit Cost Escalated 10 Years
- 2% Annual Inflation: ~$110K $2,200,000
underestimation at 10 years $2,000,000
- Global Insights: ~$200K 1,800,000
underestimation at 10 years $1,600,000
. $1,400,
- MA models overestimated AR
after 5 years 1200000
$1,000,000
$800,000

0 1 2 3 - 5 6 7 8 9 10

s 2% Annual ee——BlS Actual Global Insights == ]oM oY
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Recommendations for Use

1. Calculate Volatility (simple metric as % change from year to year)
2. Use error metrics to calculate historical accuracy of indices
3. Leverage volatility and error metrics to form risk range

4. Incorporate risk range around Composite Annual Growth Rate (CAGR)

I‘I’}echnomics
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Next Steps

1. Expand Sample Dataset (more indices, wider date range, additional commercial

models

2. Add complexity to moving average model (EWMA, ARIMA, optimization

techniques)

3. Establish clear guidelines for assessing forecast accuracy / assigning risk factors

I‘I’}echnomics 23
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