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I. APPLICABILITY.  The i n f l a t i o n  ind ices  and f a c t o r s  pu b l i s h e d

in this report are applicable to the adjustment of historical

costs for the procurement of Army aircraft. These costs are

currently funded by the Aircraft Procurement , Army appropriation.

.1-
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I I.  AN OVE RVIEW OF THE HISTORICAL IN F LA T I O N  PROGRAM.

A. History.

The Historical Inflation,Program for Army aircraft procurement

was developed using a sequence c~f documents , the first being

Aerospace Price Indices, 
~
y H. G. Campbell (RAND #R—568— PR , 12/70).

Essentially, the RAND document established a basis for the con—

struction of general indices , identified items of special interest

and concern , and indicated that no substitute exists for thorough

analysis of the specific items being characterized by an histor-

ical index. Several indices , designed specifically for rotary

wing aircraft , have been developed for the adjustment of pro-

curement cost since that time by the United States Army Aviation

Systems Command , and this function has been carried over to the

Aircraft Analysis Branch , Cost Analysis Division , Office of the

Co m pt r o l l e r , USATSARCOM .

The cu r r e n t  i nd i ce s  a re  based  on r e s e a r c h  done in the p e r i o d

1972 to d a t e .  I n June  1973 , the  O f f ice of t h e  Compt ro l l e r , Cost

A n a l y s i s  D i v i s i o n , made a s t u d y  of m a t e r i a l s  used in the Army

h e l i c o p t er sys t ems  t h e n , or m~~~t r e c e n t l y ,  in p r o d u c t i o n .  Cost

I n f o r m a t i o n  Repor t s  were a s sembled , and c o n t r a c t o r s  w e r e  r e q u e s t e d

to supply  l i s t s  of m a t e r i a l s  f o r  bo th  a i r f r a m e  and eng ine , on the

basis of contribution to weight. Contractor technical and en-

gineering personnel provided assistance with data interpretation

and d e f i n i t i o n s  fo r  those i t ems  whose  c o m p os i t i o n  was u n c l e a r

f rom e n g i n e e ri n g  d o c u m e n t s  and D et a i l e d  W e i g h t  S t a t e m en t s .

2
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The following aircraft were selected :

U H - l H  OH-6A A H - l G
CH-47C OH- 58A CH-54B

These are currently deemed typical , for several reasons.

First , the time period June 1973 is the  center  of the 1969— 1977

r a n g e .  Second , a number  of t hese  a i r c r a f t  had been produced

on a long term , c o n t i n u i n g  basis  in previous versions. And ,

most  impor t an t , they  are among the systems most likely to be

used in deve lop ing  Cost E s t i m a t i ng  R e l a t i o ns h i p s  fo r  new sys tems

by use of parametric techniques.

The Sep tember  1973 H i s t o r i c a l  I n f l a t i o n  Cost  Resea rch  Repor t ,

c i t ed  in the  r e f e r e n c e s, was the first report to make full use

of this information. It was updated by the August 1974 Cost

R e s e a r c h  R e p o r t , and then  b~ a series of expanded analyses under

current title , Historical Inflation Proarain, since that time.

A list of the assumptions and changes in methodology over the

period referenced are included in the body of the Technical Section.

B. Construction of Indices - M e t h o d o l o g y.

The indices are developed by a stepwise , building process ,

whi ch computes the contributions to cost on a weighted value-

added basis.

I. First , the contribution to cost of small parts and other

purchased equipment is calculated.

2. Next , this cost contribution of purchased parts is combined

with that of raw materials to get the cost of purchased materials.

3. Purchased material cost is then combined with contractor

3
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labor cost to compute the index for products such as engine or

airframe.

4. The indices for engine , airframe , and avionics are

combined to get an overall index for aggregate aircraft .

C. Indexing Technique.

The procedure  used is “ C o s t- W e i g h t i n g ” . The i n f o r m a t i o n

obtained from 1973 research on “helicopter materials ” established

percentages based on weight. Because the indices used to track

material costs are based on monetary considerations , (e.g.,

Wholesale Price Index; Wages , by S t a n d a r d  I n d u s t r i a l  C o d e ) ,  per-

centages by weight had to be transformed into percentage con-

tributions to cost , if WPI and SIC inflation factors were to be

applied directly . Based on the premise of profit maximization ,

c o n t r a c t o r s  should  tend to m i n i m i z e  the use of expens ive  m a t e r i a l s

subject to maintaining acceptable performance standards ; essen-

tially, materials with a high cost per unit weight ratio would

be used sparingly. Adjusting a percentage based on weight using

a m o n e t a r y  i n d e x  would  not  o n l y  r e s u l t  in  an improper  i ndex

i n i t ia l l y ,  but  a l so  one w i t h  d im i n i s h i na  r e l i ab i l i t y .  The l a t t e r

bias  is avoided  by c a l c u l a t i n g  the  c o n t r i b u t i o n  to cost , i n s t e a d

of m e r e l y  the contribution to weight.

D. Weighting Factors. Although the model is developed by an

iterative , stepwise process , the revised weighting factors in

t h e  t ab l e  (a t  the  end of A p p e n d i x  B )  i m p l i c i t l y  i n c l u d e  a l l

calculations, The index , as stated , is merely the direct sum of

4
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the p roduc t s  of the weights and their corresponding material

index values. The d e v e l o p m e n t  of w e i g h t i n g  f a c t o r s  is illustrated

in the Technical Section .

E. D ata .  The da ta  used appear  in two d i f f e r e n t  f o r m s .  Y e a r l y

data are presented by Calendar Year 1947 to date , and monthly

da ta  f o r  1967 to d a t e .  The y e a r l y  da ta , p re 1958 , a r e co n d e n s e d

into three columns; the data for 1958 and l a t e r  are  p r e s e n t e d  in

an 18 c o l u m n  f o r m a t  - 14 co lumns  f o r  m a t e r i a l  i n p u t s , and 4 f o r

labor. Beginning with report 76—1B , all columns of the data set

will be identified by WPI and SIC code , as well as a verbal de-

scription in the column heading. PLEASE NOTE: The data , their

c h a r a c t e r i z a t i o n, a n d any  r ed e f i n i t i o n , by the  Bu r e a u  of Labor

Statistics over the years , are tracked in line diagram C-2.

F. Validity and Firmness of Data.

The W h o l e s a l e  P r i ce  Index and Wage Data was supplied by the

Ka nsa s  C i t y  R e g i o n a l  O f f i c e  of the  B u r e a u  of Labor  S t a t i s t i c s,

U.S. Department of Labor. The data comes in three types of

published form : (1) a cumulative history covering all relevant

past years on a monthly basis , (2) A yearly edition (such as

Wage and Price Index Annual Supplement) which lists the previous

12 months , and (3), monthly publications which list the most current

month and several other months for comparison.

For data to be “firm ” it must be at least 18 months old , in

most cases , because it is benchinarked and adjusted after the fact.

For example , small samples are taken throughout the year; however ,

during one month (the benchmark month), a much more comprehensive5
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sample is taken . Due to its significantly larger sample size ,

the benchmark month’ s sample is felt to be more r e p r e s e n t a t i v e

than those of other individual months , and if the benchmark

diverges frnm the pattern , the other months are adjusted propor-

tionately to conform to its base as benchmark .

The da ta in the cumulative history ‘ type ’ p u b l i c a t i o n  is f e l t

to be f i rm or “final” . Basically, such publications provide a

chronological listing of all firm data available for the past

h i s to ry of those  i n d i c e s .  Ho wever , the d a t a  in such p u b l i c a t i o n s

is usually 18 to 24 months behind the current period . The data

f or each mon th l ist ed in the A n n u a l  Su p p l e m e n ts is no t n e c e s s a r i ly

• firm because benchmarks occur during the Calendar Year , and a t

aifferent times for different series. Adjustments may not have

been made ~efore the Annual Supplements are published . The

monthly publications which contain information on the most current

p e r i o d s , ar e even more tentative. In general , the Wholesale p r i c e

Index Da ta are firm before Wage Indices for the corresponding

mon th , probably due to the fact that it is easier to define and

meas ure 1;rice changes for commodities than for human skills.

C. Particular Problems.

1. Tr~e W a g e  Da ta d u r i n g  th e pe r i o d  CY 1971 — CY 1973 h a s

changed , in m any  cases , over the past 24 months . The wage—price

freeze disallowed certain salary and wage increases , but a number

of the se we re a w a r d e d  on a r e t r o a c t i v e  b a s i s  b a s e d  on l e g a l  deci-

s ions  r e n d e r e d  s e v e r a l  y e a r s  a f t e r  the  f a c t .  Si nce such  p a y m e n t s

in vo lved  c o s t s  d i r e c t l y  a t t r i b ut a b l e  to l abor  s e r v i c e s , t h a t

6
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componen t had to be i n c l u d e d  in the indices to get a meaningful

m e a s u r e  of labor  e a r n i n g s . *

2. Possible discrepancies , such as the Engine Production Labor

Value  ( S IC 372 2 ) fo r  Dec 75 , were reviewed with BLS personnel and

verified to be as stated. All data was verified to be the latest and

mos t accurate available , according to information provided by BLS

personnel on 28 December 1977.

H, Change in Conten t from the Previous Reports.

The printout of the computer program compilation used for the

Historical Infla tion Program is not included in this report , fo r

two reasons. First, it was found that a list of structural equa-

tions would better serve the purpose of elucidating the model .

At the same time , %~ith the reduced form equations and clearly

ide nt i f i a b l e  da ta se ts , any index figure can be checked by direct

caloula tion (See Appendix B , page B—4). Second, direc t duplication

of the deck f r o m the o r i g i n a l  is more  a c c u r a t e  and e f f i c i e n t than

keypunchin g copies from the program source listing, shou ld  such

an ex ternal need ever realistically develop .

A sen s it iv i ty a n a l y s i s, which displays the effects resulting

from a change in the relative weights of labor and material in the

Hi sto r i c a l  I n d e x , has been included in this revision. The per—

centage contribution to cost attributable to labor and materials

varie s among aircraft systems, and the values used in this report--

.378 (materials) and .622 (labor)——are an average for the six

*See BLS Bulletin No. 1312—10, Employment and Earnings 1909—75 for
a detailed explanation (esp . P. 769).

7
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systems referenced. The sensitivity analysis yields a measure of

the extent to which the index for a single aircraft system would

vary , if that system is built with an aggregate labor/material mix

which differs from the six system average. The accuracy of the

reweighted index , howev er , also requires that the other assump-

t i o n s  be well satisfied——i.e., the 14 material and 4 labor indices

a r e t y p i ca l of the system being reviewed. Because such weighting

is a concern in developing estimates in inflated dollars , the

e f f e c t of such “ weighting changes ” should be of significant interest

to many readers,

8
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III. ANALYSIS: (TECHNICAL SECTION).

A. Chronolo9y. Previous efforts related to the development of inflation

indices include Aerospace Price Indexes by H. G. Campbell, RAND Corporation,

December 1970 (Reference 1) and two Cost Research Reports : Historical

Inflation Indices for Army Aircraft, Cost Analysis Division, Office of

the Comptroller, US Army Aviation Systems Command, September 1973 (Reference

3), and Historical Inflation Indices for Army Aircraft, Cost Analysis

Division, Office of the Comptroller , US Army Aviation Systems coninand,

August 1974 (Reference 4).

1. Characteristics of the RAND Report.

a. Specific Wholesale Prices and Price Indexes (Referen ce 7)

and Employment and Earnings (Reference 2) data have been selected as

proxy series for similar conunodity and labor categories experienced in

the procurement of Army aircraft.. Aircraft inflation, indices are con-

structed from a weighted average of these proxy series. The weighting

factors for this average are derived from estimates of the relative

contribution to the total aircraft cost made by each component (commodity

or industry labor group) comprising the index. The index is thus a

“cost-weighted” series.

h. A 2½ percent compounded annual rate for growth of overhead

ratios is assumed,

c. No adjustment is made for productivity increases.

d. Indices are developed on a Calendar Year basis.

2. Characteristics of the September 1973 Cost Research Report.

10
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a. As with the RAND Report, aircraft inflation indices have

been constructed from a weighted average of Wholesale Prices and Price

Indexes and Employment and Earnin~~ data selected as proxy series for

their similarity to those commodities and labor categories experienced

in the procurement of Army aircraft. Weighting factors are proportional

to the relative physical weights or masses, rather than the relative

costs (as in the RAND Report), of commodities comprising the “composite

material” portion of the index. Thus, the “composite material” portion

of the index represents a “weight—weighted” series.

b. Like the RAND Report, a 2½ percent annual growth in the

overhead ratio is assumed.

c. No adjustment is made for productivity increases.

d. Indices are developed on a Calendar Year basis.

e. For years for which certain specified Wholesale Price Indexes

were unavailable, data has been projected from adjacent years.

3. Characteristics of the August 1974 Research Report.

a. As before, Wholesale Prices and Price Indexes and Employment

and Earnings data have been selected as proxy series most similar to

those commodities and labor categories experienced in the procurement

of Army aircraft. The indices have been constructed from a weighted

average of these proxy series utilizing the weighting factors used in

the September 1973 Cost Research Report. The “composite material”

portion of the index represents a “weight—weighted” series.

b. Unlike RAND and the September 1973 Cost Research Report, no

adjustment for overhead growth is assumed,

11
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C. No adjustment for productivity increases is assumed .

d. Indices have been extended to FY 1974 by assuming that data

• for the September 1973 Cost Research Report represented December and

hence the Fiscal Year midpoint, rather than the annual average, of each

calendar year.

e. For years for which certain specified Wholesale Price Indexes

were unavailable, data has been projected from adjacent years.

B. Data Sources. Data sources for this report are Wholesale Prices

and Price Indexes (reference 7) and Employment and Earnings (reference 2).

To insure that the latest revisions were incorporated into the data base,

data was obtained from the Bureau of Labor Statistics Info rmation Cen ter ,

and Annual Supplements to the Wholesale Prices and Price Indexes. For

Employment and Earnings, data for any given month was obtained from the latest

available source. Data used in this report are displayed in Appendices D,

E, G, and H.

C. Methodology.

1. Overhead and Productivity Adjustments. On the basis of data

covering a ten year period, the RAND Report concluded that there exists

a secular growth trend of 2½ percent per year in the production overhead

rate. The report also concludes that there has been little, if any,

improvement in productivity to counteract the observed trend in overhead

growth. This conclusion appears to be unwarranted, particularly in

light of productivity gains recorded (as measured by Industrial Production

Indices) for similar sectors of industry. Thus, in order not to unduly

bias the results of the analysis, this report makes no adjustment for

either overhead growth or improvements in productivity.

12
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2. Revision of Weighting Factors. From a number of Cost Information

• Reports, the following weighting factors were developed and reported in

the September 1973 Cost Research Report. For the Airframe:

(.378) Raw Material + (.622) Labor 3723,9 — Purchased Equipment
(.582) Purchased Equipment + (.418) Raw Material = Total Material
(.378) Total Material + (.622) Labor 3721 = Total Airframe

For the Engine:

( .599) Raw Material + (.401) Labor 3723,9 = Purchased Equipment
( .295) Purchased Equipment + (.705) Raw Material = Total Material
(.599) Total Material + (.401) Labor 3722 = Total Engines

And for Avionics:

(.315) Material + (.685) Labor 3674,9 = Total Avionics

In the previously published indices, the weighting factors used to develop

the material portion of the indices were made proportional to the relative

physical weights of the various commodities used in the construction of

the aircraft. The material portion of these indices thus represent a

“weight-weighted” series. In order to be consistent with the intended

purposes of an inflation index, the methodology in this program uses

index weighting factors proportional to the nunerical products obtained

from multiplying the relative physical commodity weights by the appro-

priate base year cost per pound. This yields a “cost-weighted” index

giving more weight to such expensive commodities as titanium. Unfortunately,

• however, price per pound data are not published in Wholesale Prices and

Price Indexes for each of the commodities used in contructing the indices. 
•

To overcome this difficulty, the per pound price is estimated from the

available data of the most closely related commodities. To minimize the

13
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I
effect from related commodities which have relatively little economic

impact, each price per pound estimate has been developed from a weighted

average of available data utilizing the Bureau of Labor Statistics 1975

revised relative weights published in the 1975 Annual Supplement to

Wholesale Prices and Price Indexes. The available data then constitutes

a weighted sample from which a surrogate price per pound is computed for

the Wholesale Price series in question. See Appendix A for the Computa-

tions for the Derivation of these Revised Weighting Factors, along with

their associated cost contribution per pound.

3. Construction of Indices.

a. Calendar Year 1967 has been taken as the base of these indices

because this year represents the approximate midpoint of the period (1958—

1977) for which the data supports the development of each of the indices,

inc’uding those which account for avionics. Furthermore, 1967 conforms

to the base used by the Bureau of Labor Statistics for Wholesale Price

Indexes.

h. Appendix B contains the current Wholesale Price Index series,

Earnings series, and the associated weighting factors used in the con-

struction of the indices published in this report. Since some of these

series have been in existence for only a limited time, other closely

related series have been substituted with appropriate mathematical adjust—

ir’~nts  to insure continuity of the indices. This technique is considered

preferable to the synthesis of data by projection from adjacent years.

Appendix C depicts the historical flow and identifies the effective dates

of series conversions, for the Wholesale Price Index and Earnings data

14



used in the development of the indices published in this report.

c. The term “aggregate” has been selected to indicate inflation

indices applicable to the combined Airframe and Engine (aggregate Air

Vehicle Excluding Avionics) and to the combined Airframe, Engine, and

Avionics (Aggregate Air Vehicle Including Avionics) to avoid confusion

with the term “composite” as in “composite escalation indices”. Aggre~ate

indices are based upon a standard 70—20—10 weighting (see Reference 5)

of the Airframe, Engine and Avionics Indices respectively. Aggregate

indices are intended for the adjustment of historical cost data for which

the distribution of costs for the Airframe, Engine, and Avionics components

is unavailable.

d. A new section depicting the raw material portion of the inflation

indices is published as Appendix I. It is intended for applications re—

q~i~ ing greater accuracy. Appropriate labor indices can be obtained from

the Bureau of Labor Statistics Employment and Earnings series (Reference 2)

as follows:

Labor category SIC Code Industry

Airframe Contractor 3721 Aircraft
Airframe Subcontractor 3723, 9 Other aircraft parts and equipment
Engine Contractor 3722 Aircraft engines and engine parts
Engine Subcontractor 3723, 9 Other aircraft parts and equipment
Avionics 3674, 9 Other electronic components
Aggregate Air Vehicle 372 Aircraft and parts
Excluding Avionics

• e. The basic computational methodology is as follows:

(1) For Components : Airframefl Engine, and Avionics.

(a) Calendar Year indices are computed using sum of weighted

calendar year labor and material indices.

15
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(b) Fiscal Year indices are computed in a manner similar to

Calendar Year, but the yearly fiscal averages are generated from the

monthly data.

( C)  Quarterly Indices - three months are averaged from monthly

data set.

(d) Monthly - direct calculations using monthly data. A weighted

average of monthly figures computed in the same manner as calendar year

indices.

(2) Aggregate Vehicle.

(a) Aggregate Vehicle without Avionics = (.7) Airframe + (.2) Engine
.9

(b) Total Vehicle = .9(Agg . W/o) + (.1) Avionics

— (.9) f~ 7 Airframe + (.2) Engi n~~J— 
.9 + (.1) Avionics

= .70 Airframe + .20 Engine + .10 Avicnics

(70—20—10) as stated.

(3) Reduced form equations are specified in Appendix B—3.

16 
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IV. DESCRIPTION OF COMPUTER PROGRAM AND ASSOCIATED APPENDICES, The Historical

Inflation Program is a computerized program for generating historical inflation

indices for the procurement of Army aircraft. Appendices D and G contain the

annual data used by the program , whi le the monthly data , commencing July 1967,

are in Appendices E and H. Wholesale Price Index and Earnings data in these

Appendices have been arrayed into columns with the same numerical code se-

quence used in Appendix B. Histor ical in flation indices arid factors are

published in Appendix F. Fiscal Year, quarterly, and monthly indices have

been developed from the appropriate monthly data. A section containing the

raw material portion only of these indices is published as Appendix I. The

labor portion of these indices may be obtained by apply ina the methodology

described in paragraph III.C.  3. d , to the data contained in Appendices D

~nd E. Appendix ~J contains a sensitivit: analysis which displays the

ef fec t  on the indices resulting from changing the labor to material  rat io ,

in terms of percentage contribution to cost.

17
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APPENDIX A
COMPUTATIONS FOR THE DERIVATION

OF REVISED WEI GHTING FACTORS

FOR THE HISTORICAL INFLATION PROGRAM
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APPENDIX C

HI STORICAL FLOW OF UHOLESALE PRICE INDEXES AND

EARNI NGS SERIES USED I N  HISTORICAL INFLATION
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AP PENDIX J

SENSITIVITY ANALYSIS

Many considerations are important in the construction of Historical Indices

for tracking purposes. These certainly include :

a. The items chosen to comprise the index:

(1) How representative these items are .

(2) How closely these items can approximate the actual materials

used , if precise material indices are not obtainab le,

(3) The number of items used , and the detail in the analysis which

produced the indices.

b. Determination of the percent contribution to cost — “Cos t Drivers~

c. The weighting fac tors emp loyed in the overall analysis.

An obvious problem confron ting those who must determine the val idi ty of an

index developed for historical tracking purposes is the aggregate labor/material

weighting factors . In tracking major weapons systems , often times it is

stated as say 40/60 — that is 40 percent material and 60 percent labor — as

percentage contributions to cost. Because it is difficult for analysts to

471C . termine the ‘1 correct” aggregate mix of labor and material when external

to the project , the aggregate split is obviously of interest.

Th e val ue for any index depends , basically ,  on three factors:

a. The number of f ac to r s  employed , and the qua l i ty  and detail

contained in the analysis .

b. The values of each component of cost used in the cons t ruct ion  of

the index.
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C .  ‘I~he weights , or levels of i~upor tance , given the  t a c t o r s , ~I L ~h ’.’idua 1l y

and collectively .

ANALYS I S:  The ob jec t ive  of t he  s e n s i t i v it y  anal ysis  which we p e r t o r n C ’d is  t . t

shed some l i g h t  On the aggregate maicrial/Ilabor split , which has been a

controvers ia l  issue fo r  some t i m e .

Through the use of a set of recursive linear equations , the effc-ct oil the

historical inflation index for airframe resulting from vary ing the

aggregate weighting scheme was calculated , in both raw and percentage terms .

The calculations were made using a Wang system 2200 mini computer , and .L samp le

printout follows . The results provide strong evidence that the key to a

successf.3l index resides in item (1), the number of factors employed, and the

quality and detail in the analysis used in preparing the index. In retrc’~ pLI ct,

because wages are often tied to the Wholesale Price Index , or other price indices,

in iabor agreements , it is not surprising that aggregate weighting percentages

fo r  labor and mater ial might not be an extremely sensitive issue. However ,

the calculat ions provide strong support  for  the position that the identification

of cost components and the depth and quality of detail in an analysis are of

paramount importance , when developing an index to be used in controlling the

cost of a major weapon system.
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