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v DISCLAIMER STATEMENT

The findings of this report are not to be construed as an official
Department of the Army position unless so designated by other authorized
documents.
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I. APPLICABILITY. The inflation indices and factors published

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.




IXI. AN OVERVIEW OF THE HISTORICAL INFLATION PROGRAM.

A. History.

The Historical Inflation Program for Army aircraft procurement
was developed using a sequence of documents, the first being

Aerospace Price Indices, by 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
Rircraft Analysis Branch, Cost Analysis Division, Office of the
Comptroller, USATSARCOM.

The current indices are based on research done in the period
1972 to date. In June 1973, the Office of the Comptroller, Cost
Analysis Division, made a study of materials used in the Army
helicopter systems then, or mist recently, in production. Cost
Information Reports were assembled, and contractors were requested
to supply lists of materials for both airframe and engine, on the
basis of contribution to weight. Contractor technical and en-
gineering personnel provided assistance with data interpretation
and definitions for those items whose composition was unclear

from engineering documents and Detailed Weight Statements.
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The following aircraft were selected:

UH-1H OH-6A AH-1G
CH-47cC 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
range. Second, a number of these aircraft had been produced
on a long term, continuing basis in previous versions. Ang,
most important, they are among the systems most likely to be
used in developing Cost Estimating Relationships for new systems
by use of parametric techniques.

The September 1973 Historical Inflation Cost Research Report,
cited in the references, was the first report to make full use
of this information. It was updated by the August 1974 Cost
Research Report, and then by a series of expanded analyses under

current title, Historical Inflation Proagram, 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 - Methodology.

The indices are developed by a stepwise, building process,
which computes the contributions to cost on a weighted value-
added basis.

1 First, the contribution to cost of small parts and other
purchased equipment is calculated.

24 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

FERNSSE GRRES




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 "Cost-Weighting”. The information
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 Standard Industrial Code), 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,
contractors should tend to minimize the use of expensive materials
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 monetary index would not only result in an improper index
initially, but also one with diminishino reliability. The latter
bias is avoided by calculating the contribution to cost, instead
of merely the contribution to weight.

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

iterative, stepwise process, the revised weighting factors in
the table (at the end of Appendix B) implicitly include all

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




the products of the weights and their corresponding material

index values. The development of weighting factors is illustrated
in the Technical Section.

E. Data. The data used appear in two different forms. Yearly
data are presented by Calendar Year 1947 to date, and monthly

data for 1967 to date. The yearly data, pre 1958, are condensed
into three columns; the data for 1958 and later are presented in
an 18 column format - 14 columns for material inputs, and 4 for
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

characterization, and any redefinition, by the Bureau of Labor
Statistics over the years, are tracked in line diagram C-2.

F. Validity and Firmness of Data.

The Wholesale Price Index and Wage Data was supplied by the
Kansas City Regional Office of the Bureau of Labor Statistics,
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 benchmarked and adjusted after the fact. !

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

during one month (the benchmark month), a much more comprehensive




sample is taken. Due to its significantly larger sample size,
the benchmark month's sample is felt to be more representative
than those of other individual months, and if the benchmark
diverges from the pattern, the other months are adjusted propor-
tionately to conform to its base as benchmark.

The data in the cumulative history 'type' publication is felt
to be firm or "final". Basically, such publications provide a
chronological listing of all firm data available for the past
history of those indices. However, the data in such publications
is usually 18 to 24 months behind the current period. The data
for each month listed in the Annual Supplements is not necessarily
firm because benchmarks occur during the Calendar Year, and at
different times for different series. Adjustments may not have
been made refore the Annual Supplements are published. The
monthly publications which contain information on the most current
periods, are even more tentative. In general, the Wholesale Price
Index Data are firm before Wage Indices for the corresponding
month, probably due to the fact that it is easier to define and
measure price changes for commodities than for human skills.

G. Particular Problems.

1. The Wage Data during the period CY 1971 -~ CY 1973 has
changed, in many cases, over the past 24 months. The wage-price
freeze disallowed certain salary and wage increases, but a number
of these were awarded on a retroactive basis based on legal deci-
sions rendered several years after the fact. Since such payments

involved costs directly attributable to labor services, that
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component had to be included in the indices to get a meaningful
measure of labor earnings.*

2. Possible discrepancies, such as the Engine Production Labor
Value (SIC 3722) for Dec 75, were reviewed with BLS personnel and
verified to be as stated. All data was verified to be the latest and
most accurate available, according to information provided by BLS
personnel on 28 December 1977.

H. Change in Content from the Previous Reports.

The printout of the computer program compilation used for the
Historical Inflation Program is not included in this report, for
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, with the reduced form equations and clearly
identifiable data sets, any index figure can be checked by direct
calgulation (See Appendix B, page B-4). Second, direct duplication
of the deck from the original is more accurate and efficient than
keypunching copies from the program source listing, should such

an external need ever realistically develop.

A sensitivity analysis, which displays the effects resulting
from a change in the relative weights of labor and material in the
Historical Index, has been included in this revision. The per-
centage contribution to cost attributable to labor and materials
varies 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).




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, however, also requires that the other assump-
tions be well satisfied--i.e., the 14 material and 4 labor indices
are typical of the system being reviewed. Because such weighting
is a concern in developing estimates in inflated dollars, the

effect of such "weighting changes" should be of significant interest

to many readers.
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III. ANALYSIS: (TECHNICAL SECTION).

A. Chronology. Previous efforts related to the development of inflation
indices include RAerospace 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 Command,
August 1974 (Reference 4).

1. Characteristics of the RAND Report.

a. Specific Wholesale Prices and Price Indexes (Reference 7)

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

proxy series for similar commodity and lahor 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.

hb. A 2% percent compounded annual rate for growth of overhead
ratios is assumed.

c. No adjustment is made for productivity increases.

d. Tndices are developed on a Calendar Year basis.

2. Characteristics of the September 1973 Cost Research Report.
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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 Earnings 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 2% 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.
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¢. No adjustment for productivity increases is assumed.

d. 1Indices 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 Information Center,

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 2% 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 + (.40l1) Labor 3723,9 = Purchased Equipment

(.295) Purchased Equipment + (.705) Raw Material = Total Material

(.599) Total Material + (.40l1) 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 crder to be consistent with the intended
purposes of an inflation index, the methodology in this program uses
index weighting factors proportional to the numerical 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
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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,
inciuding those which account for avionics. Furthermore, 1967 conforms
to the base used by the Bureau of Labor Statistics for Wholesale Price
Indexes.

b. Aprendix 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-
ments 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
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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 Fngine (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". Aggregate
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-
quiring greater accuracy. Appropriate labor indices can be obtained from
the Bureau of Labor Statistics Employment and Earnings series (Reference Z)

as fcllows:

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 : Airframe, Engine, and Avionics.

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

calendar year labor and material indices.

e




(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)
data set.

(d)

Quarterly Indices - three months are averaged from monthly

Monthly - direct calculations using monthly data. A weighted

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

indices.
(2)
(a)

(b)

(3)

Aggregate Vehicle.

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

09
Total Vehicle = .9(Agg. W/o) + (.1l) Avionics
= (=9} TTTv) Airframe + (.2) Engine
By L__ 9 e {.1) Avionics

.70 Airframe + .20 Engine + .10 Avicnics
(70-20-10) as stated.

Reduced form equations are specified in Appendix B-3.

16




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, while the monthly data, commencing July 1967,

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

Appendices have been arrayed into columns with the same numerical code se-
quence used in Appendix B, Historical inflation indices and factors are #
published in Appendix F, Fiscal Year, quarterly, and monthly indices have
been develored 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 applyina the methodology
described in paragraph IIT.C. 3. d, to the data contained in Appendices D
cnd E. Appendix J contains a sensitivit: analysis which displays the
effect on the indices resulting from changing the labor to material ratio,

in terms of percentage contribution to cost.
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APPENDIX A
CoMpuTATIONS FOR THE DERIVATION
‘ OF ReviSeD WEIGHTING FACTORS
For THE HisToricAL INFLATION PROGRAM
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APPENDIX B
V'HoLESALE Price INDEXES AND EARNINGS SERIES
Usep IN
HisTor1cAL INFLATION PROGRAM
WiTH ReviseED VEIGHTING FAcTORS
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APPENDIX C

HisTor1cAL FrLow ofF YHoLESALE PRICE INDEXES AND
EARNINGS SERIES UseD IN HISTORICAL INFLATION
ProGRAM Wi1TH PEVISED WEIGHTING FACTORS
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APPENDIX D

AnnuAL DATA For THE HisTorICAL INFLATION PRoGRAM FOR U. S.
ARMY RGTARY WING AIRCRAFT
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APPENDIX E

MonTHLY DATA FOR THE HISTORICAL INFLATION PROGRAM :
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APPENDIX H

MoNTHLY DATA FOR THE HisTORICAL INFLATION PROGRAM - -
Raw MaTERIAL PcrTION ONLY

H1




>y n*0 n°o N*)  NR*2NT 0,°F0T Nnennt ns*mll uG* (2] 0P W0l nR’ JO®2cl 0R%wel vETRel unT 21 uYtgul 43Sty
2 a%y - G*a nNeN  A2°FNT 0, °FOT Nuennl nncoll 08121 nveanl nv° VO0*acl nR*vel ul®Rel u7 21 UR®KUL INV LY
2, n*np  n°y ne AT*ENT N 0T Nnennl np®nel 0612l 0Y°wNl nY° ve*vwel ixsel I"qel un®2l un®gul MLy
T NN n*y (X ANSENT 0)°F0T Nwean] n)*ndl 06° 121 0% HOl N> UgE*nel 029l uitat 1 un®oll UY*@Qul NOC Ly
T/ n*0 n°n nep  ng*2nt 07°F0T Nmenn] nn*wel ue* (2] N9 HOL 0v wecletl ne” Ut 07*oll U9 gUl ATwis
T/ n*0 a0 ¥ ( NT°ENT D°FO0T Amennl aS02T 08° 121 0Y°ROL nv natell el 0On°6ll UuR*QUL Mdviy
1 n*p AN NeN  NLeFENT 07°101 Nmennl pa*2lt et (21 nY*wol v RO Ll us® el u7°ell vu®oll avnle
1 n*n n*on nen NEENT OF°00T ANSFT n2°cll 0G° 121 (7°gg v*anl nv g6 ll 0w’ el 0%°*sll vu®gUul H3IsLy
1/ Yen neo N0 nen AR*20T 00*nnY npeas T na*gll ne®l2l 17°ge Ouw*nll ov us®oll 0v® el u=®oll vE*wUL NV 1LY
1, 0°n n*n  n°p Nl 0R°INT 09°S6  NA*QFT no*gll ugl2l nagg 090l l 0u £ oo Gl (A s vel 0m AL U2°gul D3Cus
14 nen n*n n°n nel NRTINT 0G*S6 NO°SC] nr°rdl e 121 1="vg w¥°0ll 0V un®gll uv® del 0%°ALL U gUL ADNUY
LY n*n nsg 6°n NeN NG TINT 0G°CA NT*FET nr*F21 1&*I12T us°®re )90l L nv umeall u-* utl em*eIl UT®6Vl (DCUs
\¥] eon 00 n°0 Acn NGO YNT 0G°SEs ALYl 09921 0e12T wstgx 00Tl AU uw®@ll un® vl umtell u2tgqgll AdSuy
7 0°n n*g 0n°n nen  ON®TINY DG°GE  NR*NET am*2rl 02121 0S*ve 0y°00L NV Oetyil nen® Ol om*s([ u2®oul 9nNvus
: £ e nen V70 e N2*INT 0G°G6 Ok°NFT n3°FEl 0yp° 121 L7*Ee Uw*0ll ov gmeull on® url O%°oll uS*wul INlue
17 nen nen 0 NN N2°INT NG°GEe NER*NET n2°*NET 0,°121 09°ce 0Y°0T1L1 ov 7oy (8 T S Orl 0%°sT1 UT*LUL NNrOy
ng nen n*n A0 nep  NR°*AKR  UC*SAK 1&*0E€T N9l D6° L2l u"*€e 0¥ QUL av 1g%stl ue® Obl l®e il U 2ul Agnly
n;g Nnen nen n°0 N°*0  NQ°ANT NG°Se NE*NFT AT°SE] ON°KILT 7°%gg  0O9°011 0U O SLL ne"atl wz%0El OT°€T1L uS®gul Bavyy
Vi nen nen Vi neN  Nn2°n0NT 0G°*°GE NR*AFT nn*2el el g 0%*O0TLl 0w ug ®oll e el oyl OT1°tll UV Lul BvabL
Ny nen Nep n*o0 Nned  n2°n0NnT 06°SKe N&*0FT no°Stl ue® il ¢w°gg )01l nu U HLL nacil uh"yrl OT LIT V201l a330)
Ny n n*g n°0 NeN As*1INT DG°Ca YCT hr°sel 00”2l “*t6 UvcOLll au Uil vl uetoel 0S°40l UB*LuLl NYI Uz
ny n*o n°*n nNen  N&u°INT 0S°SkK  NKeNEl polel v’ 1l "7era 0O=°01L NV IGOE LT g9l ugtudl vg*2I1 VSV JdGey
ny nen n*p n°0 N nz*1INT 06°G6 Ns*0rl no“y21 ua*»Ill um*Eg 0301l oV Uptoll oF®yll uuT9el Lg*Z211 US®Lul AONKY
N, n*n f*0 00 AeD  An*INT 0G*°SE  NASenTT no®s21 Ur°?Il (7°gg 03°01L NV 0T°0T 0F Y1l v ¢l 0g"211 UY YUl 1JCkvy
Ap  Nen pnen  n°n nel 02°101 0G°Sk NS*nTTl an® 2l us*ell 07 gg 0s°0lL ouU OT°UT 0E" 1L U 0Ll 0g°211 vR"SUL adsky
AT LT n°*o n°o0 (Y 09°0NT 02°A6 0Dsenrl a2°c20 0°¢ll u®le 0s*0ll nv 07%aul 6E*sLh uZ ™oLl ug*21L Ul*YVl aNwvey
i nen L S R | nen NGeADT 92°A6 Na*nTl Ancwli uF°¢ll UR"6q U301l ou 07%@ul 0% Lt Y 0Ll 02°201 v sul Mgy o
&Q nen n*n n®o0 ne NQ*ANT N2k NGenp] AS°QLLl 0f®ell Ua®ka USGTL 0oV g Ul 0%l U 0Ll 02°101 VE*%ul Aiffes =
AS *n n*g n° neN  na*anT 02°A6 NGentl anr®*stl On°dll U-*6R s*oll ov FPe=01 s et 07 901 U®enl U2 Ul ATpbw
&3 9*n n°0 N0 neN No*ANY N2*A6  NS*nYT aAncgll 0)°ull DR*Ke  0S*DTIT Nnu Ne*SuUl N="url 0evul 001 UnPUl Ndvay
A9 n*o ne 0*N  0w*N0T N2°K6E 15011 ne*nll ne*k01 00 0E*sN[ 0U NY*sUl 0="01L v 30l Ve 0T VLUl Byney
43 Nnen A®n  A®H NN N2°ANT N2°RK  NSeATT n2°ADT NR*Q0l 0="0g O0r°gnl OU nG*3u0l n="odl Hv°301 02°01 v tul vIdky
&S Nen n*n n*g nen  0er*Qk 02°A6 NS*ATT Af®eN1 NG*70l 02°9q ne¢°n7nl 0OV 099Ul 08%enl 67 Sul 0etL0T V2 tul NVMey
&9 nen n*n n*o NeN  NT1°KRA  NP%K6  0On*GNT na*201 NG*701 12°9g 02°wnl 0V 09°501 nate0l ue'20l 02°01 uw*m)L J3uaey
69 Nen neg a°n Ne) NT°6K N2k NH*SQOT ON°Tul 0S°~01 L2*Sa 02°%0l 0V )mtvul ool veTeul 0e®rol vECPUL Aoney
49  0°n n*o n°n Nen  AN*KR NP°K6 NmeSNT NT*A6  NC*wOT 92%°Gq oe¢°*wnl 0uU vo 0y*101 n0®s0l oe®gul 02°201 ve*vul (J0Ry
AQ nep 0°0 n°0 0°0 0N°k6 N2°A6 NH°GYT NR°Q6  N&* /0 U2*Y]  (2°7nl NU QUL ue®s% w0l no'Butl UL EUl VE*Lnl VO°*7Ul g3SwHy
49 n°*n n°o n°n nen NN°KR NP*RE NH*SNT nA*EL  NS°70T (9°Tar 0¢°*wnl ov* ve®tn URt ol a0l ul'wur 0%tenl VO*wUL 9Nvev
A9 NN ne n*y 0% On*ke  O2°RK  Nmehny Ac*ARE 0S°YNT 0v*iny 02°nol ou”® j6° e pee Ul nR*vol vetul umeal us*ruil nraey
ag nen A*p "°n nNen  NT1°6k 02°A6  OneSOT j°201 NS°LOT N9°lar ne°Enl 0U° (6*e 1wt lul nesol 0CTEVL 02%enl vO*tul N oYy
4G 0°n n*o n°* neN  N5%ke  UP*R6  NHeSAT n=*,0T 0T*uul at*oor ol°onl ou° ue*® )90t 0090l vekul 070l Vl'¢ul Agynev
“3 nen n*0 n°n nen  NL*RA  DP°K6  NH*SAT n2°221 AT*uOT ni*ony o1°0ni nu° vo* Lol n0°%0Ll uETEQT umtLnl uv¥teul 2avey
“3 Nnen n*n Ao ne0  N1°AAK  NNASNOY Nme=nT NN°*Nel o1*uul Nnl*0ny or®oni nu’ ou® ne* L uetul 02%v0l u9°2ul dwhoY
3@ Ne*n n°n n*on Neh 0wk ONCNOT Nves0r AS°*sl1 O1°00T aT1*any or*on( nu° Ou* nee I Ce®Eul 09°e0[ ua®2ul %3sey
%8 nen no 00 nen  04°A6 00007 ne°FOt1 nT°SIT OT°COT OL00T O1°001 00° vu® 0on* L UeTRUT 0%%0l umt2ul NV ey
49 N0°*n n*0 0n°0 nenH  0NR°6FK DN®AQT NP°Chy A=*;NT OT°00T n1®0Any o1°nol no° 0u* ng L 0g®e0l 00°uol uE®2ul S3usy
i@ Nen n*y n°0 NN N1*kek  ON®NNT N2°E0T AT* 0T NT°0UT al®0nr 0T°udl NY° vutuul ng* L e eul vo*vil un*2utl AON2 Y
Q9 nen A*n n°o A*0  Nn*hAb  00°NOT N2°E0T na®n0l 0T°U0T N1°0ny n1*001 nNU° vutuoL ne* L OY° 101 00%00l 98°1VL 120y )
9a n°*n n*n n°*n N*0  NG°K6  NN°NOT NK®SE  Nu°Hh 1 T°V0r 010Ny ottoot ovt ovuul n2° Il 016 wUubl UE®Llul @3ssv
RG nenp n°*o nen nen Ny *ke NnNenNY Nr*os nNa®*ak TudT AL*nny 0r { nu* Pu*tui e L ul®*ge DOeUNT Ug®Uul ANy
-9 N°*n n*0 n°on nen neeskh  0D0°N0T Ne*ws N2 °GA 1001 Aat*onr Ol [ nv® IWWeviOL un® L out*es uucsuul UR®Ws MNMueY .
g O O 0 0 0 A
A ROE2)E 221F€ T2LF €%9,9¢ 13393 ANMwel) 1IN GuE/e) NafX ) »15°9¢ w19 Sancive uv3 1 LU 4 ISv) S 11§ IS &) c4oe'8 In/Ad )
¥IAEN  ONT [ 407 1937 vvae ll YYGNSD £yang? 509201 jTlueae 2 LINGp lulnad [Slvec titige velust tolual »7 el Z2ycuel xeuv
CA It al (3] w1 [ 21 Tt vl - " i o] < L] t ¢ l
FEE . T ATNO SIVI¥Y3ILVW d

404 VYLIVA ATHLINOW )




G/ D0ne*p n*o 0o NEOTT 0QCTLT NY*RT2 AN®0=T 08 0.1 02°,91 On*g3l 01°Re Uo®¢ml Um®qnpl nI° 3] U0®Lal Ug* =L D30%
Q) ne*p a6*e 0°0 OF°&11 0Q*1LY Gkl af 12l 0,021 N4 n1 UnFal 0l wee ne*Yal 01°* 90 v 6l URTLEL AONSY
Q) nen n*o n*n NECFTIT 0R°TLY 09°K12 n2°0%1 0)°04T1 02°%2wy Dn*fal 0| wee On®sel nl”° \ ¢l 0Lkl us*is 1909/
i 3/ Nen n*o0 n°y 0S°HTT NQ°TLY NY°AT2 AT°)®T 00 L1 02°er 02°231 0l wree Ue®uhl N1°10C e ¢l ua®wal vQ® 03t A3SY)
| Q; 0°n n*o n°o 0V°STT 0R°TLT A9°ATI2 n9°S71 0011 Oy 02°231 D1 Ree UL 3EL un®sel NL° LS Ub el ug*vgl vutusl anvsy
i 9L O0°*n n*o n°o 0Q°STT VR*TLT 09°A12 00°E7l 06°3v [ ul[*mpy 00°T3L 0l Ree UL <EL Un®sg6l N1 L0OC Ue ¢?l ua®val uitusi sy
, G2 0°n n*n o0 OLSIT BAOLT DS°AT2 NA°9T NG°30T DI %er 00°131 NL*Hee UL gl Om°sgl v wl €71 vzl uv vl NN 32
St 0*n n*n n*o 0G°STT 0R°NLT N9°K12 NO°W2T 00°=91 Hl*wnr 00°T51 Nl Ree VY RYL UM Sl B wel UL AYL VU®SQl ug*avi AvinS/
(V] n*n (; Jal (RO - i | OF®QTT 09°»GT NQ*A1> NA°AST N2° 49T HT*mny U I1al 01 Kee uu®ay UR®SHT 09wzl vt gl 11°%kol Un®em | Bavsay
<y n*n n*D 0o NQ°QIT 02°291 NQ°Al2 nR*APL 02°991 LI°Hny VU ISl Nl bed VU | ve*2ul un Bal Ut “6] UI*ORT UL®o%l GYnal
€, 0°n n*a  n'o 00°/TT On*E9T 09eAT2 00931 071°¢YT NI PnT 00 I21 0l Rred VU 3,1 U281 1O°sal U3 kY1 UI°gal YU*031 a34ay
(] o*n ot 0o OEC 21T ORSEST 0G*ETS AT EST U1 eIl vltweyr 0U° 191 AlRee VU=l vE 2wl o 2wl U med ULhal uv gL Nyl 9y
G/ n°n n*o n°o NeN - 0AS TT 0)°TaY NECTAT 0S°EYL va®edl OT°any 00° 151 N Q0P VU3, Ve°291 V="¢rt us gl UV*usl Vo7l J3Uny
S) 0°n s T Tty N0 NQ°QTT 07151 A T6l 0)°221 0yl 01°%%ny 00°151 09 w02 VU221 Us*eql n9°cul Uw " SLl us®wal us® @7l AON®/
L Nn°n A0 N0 N°0  0FSHTT 0,°T37 DETAT AS°TRL 0Q°t91 12°2nT 00°[9l 0¥ °]u2 VU -1 URCRT 1="¢rl uo 9l us®wal US®y%Ll LuCwy
GS) 0°n n*0 N0 0N OFCETTE VOCAET OF°TOT N&*781 0a°t I D% 0n1 00°TSl AY° WUp VU 321 UT°uYl us Eni 1ICTULL S rel U9°Sm L 43Geg
€4 Nen n*0 n*o N0 DR*FTIT OGS JET DEeTAT NA*RQT VR LYl 0m°nny 0013l Ny ki o Ll N1%aYl w2 6el viteel us®aal ue®ewt 9nvwy
S¢ 0°n n*o n°0 0°h  07°217 0G°/€Y NE*SyT Ny ROl 02°dal 02°2pt VEP2l DR URL VU =21 UE 2%l UM el vu'e¥l vL*enl Vs gt | Vi g
®L 0°n b IR T N0 NFCTIT NDES»2T NEeG] 0)°F02 UL*051 02°¢2Y VL1 OU°Fal U7 LGl un®27l 1F*Esl G2 6Nl UP*SYT UY SEl NNFey
m/ 0°n n*o0 n°o N0  09°601 OUT°F2T NE°GLT nF°002 02°¥%1 09 9TT 01°L21 GUESL 9°tSL ug®esl wi®lyl ey eal u¥*Sel ULt l Agpme
LY n*n R I ) ) NeN NE°ANT NRCT2T NR*ANT AN°A]T 0G*7n[ Hwwlr 00°921 07 0l Uv® /%] 2°S7l vzteml ULTynT 09 el Uned |l Hawm)
! nen n*0 N0 N0 N2%INAT DRTZ2T NR*EDT AF KLl Ur*Y€l No°var Vel QL el va®sgl 29°wnl os el vetnrl ul®¢nl ve'rel Gynns
%, 0°0 n*n n°®o 0°0 09307 07°911 NA®AST Ar°SHL 0N°mET 0U2071 0R°2T1 0879l U =gl Us*2n( uzeel U7 gel 0S*L61 UR*gLL H53amy
®f Ne*n n*n An°n N0 n2°ant 0,°wl1 NR*EHT n2*w ] 0H2°ugl 201 R LTl Ou ™9t ug®sg ug®eni Loun®vel us®Z€1 UzLb L nNyley
w, 0N°n n*o n°n AeN ny°GAT 0711 Na*6nl ne*051 0k°921 07°Fg  0%°s0l 079Ul [°¢f1 ve*arl L u»™9el 0S°LEL uUs®94i J3Ces
n, n°*n 0n*0 n°n N pR®eNT OF°21T NB*A"T nE°"S1 9R°Y2T 0%°E6  02°200 N2 90 ve el Uo*wel L u"’9¢l 05°LEL uUY®94t ADNEZ
w Den A*D o N0 NR*HAT 01111 NR*EH] NS°9%1 DA®32T 09°CR  02°9nl 07°90T1 ve*s 11 u2®ael L 03"nel 0S®L€1 vO*wil 13Ges M
®, 0°0 neo n°0 NeN AQhoT DTCTTT NR*ADT NG E7T (2321 09°th A% S50l 077901 ve 211 u2%ael 0N tr I wa'set Us®9¢ ] UR®2lL a3Sks
- nen n*n0 n*n nNQ*ent ON*ANDTY NQ*E"T Na®On"]l N2°-21 A 57 3 0w sal N7°901 vzl u2®ael na®te l u=*9¢2| VS®*ogl Uul*titl 9npey
m/ 0N n*g n°*n 0Q°90T 02°R0T NR*ANT NQA°T71 02°=21 07°Fe  0%°7nl N7°wul UL®s11 Ue®wel ug tegl u="mel us®eEl uvg el NNy
£/, 0°*n n*g A°n NG°9NT 02°0T NR*6ZT AT°271 0G°2321 un*fa 7m0l 07 90 ue (1l uz®ael uF®epl uangy US®2El UY'2iL Nk
£ 0O°*n 0*0 a°®0 A8 H0T On*Q0T NR*ANT 06° 171 02*=21 07°%Fg 09wl A7 90l wi®s1[ vo®atl “erl U7 edl US®TEL US Ll AVREy
£/ 0°n n°p n°0 NO°HNT 01,701 AQeANT NG°RET na®*t2l G7°Cg  0m°mol A7 °9ul e * 1| u0®QEl : Ll US*OF T UYtULL aavEy
£L nen n*o n°n NL°FOT 08201 NR6™T AN®ZET ue*t2l 07°F6  0L°¢nl N7 90T we*“ | uu®mt | > LIl US®YEL UECULL BVme Y
£/ 0°*n n*o n°o0 NQ°ENT 0901 0%ennT nk*21 N2l 07°Fs  02°c0l 07°9uT L2°Ull OU°erl ® LU VS 2F 1 UT*OLL B39k
£) ne*n nenp n°n NQ°ENAT Dw®)nT Amenn] 02°321 uR*e2l u7%Eg  ur*cal a7 YUl He*wal vo®eut 2 AL un*mE ]l vOtuLL NYTRy
€, nen A*0 n'n NECFOT 09°)0T N9°n%1 nk°S21 NR°t2l 07°ca  0z%tol 09°L0T ve'wnl vo*edet » ¢l us* el uR*AYL J3GCes
£) n°n n°0 a0 N2°F0T 0On°) )01 Neennl n)°S2l 00°te2l 07°Ca  02°€0l 09°¢ Ul “owil UE®1Ll an® UL us28 ] uR®euUL ADNCY
£/ 0°n 0*0 no 02°ENT On®)0T NuennT AT°H2T uptel 07°Cs  0L°C0l 09 E0T Ve ull f*lel oo usl szl us® 926 US*aRUL 1002
£/ 0°n n*0 n°o NESENT 09407 NwonnT AF°S21 0R°E21 076 O1°6NT 09 EUT Ve ull OF*lel unugl 0521l US*"ET us®bul A35¢¢
£/ nen n*n n°o 0°0  0L°ENT 06°)01 Du*nnl AS°E21 00°€21 V7°Ee  01°SAl 09°€07 w="¢Tl VE® Il DL UEL D="Ztl us*wEl Us*gUl 9nNyes
€ o*n n*o0 n*o ne6  0N°nNT 0%°,01 08eAnT aG°E21 0R°E21 N7°cg 01201 09°€01 U="¢ll oF*lei ox®cel vvuel s el veteul ey
2) 0°n n*n  n°n 0°0  DE°FAT 08°)0T Onennl ar®e2l 0R°E2T UP°Ea  01°300 09 EUT v-"cll Ua®orl nx®cel un nel us*wel U6 RYL N2y
2L 0°n n*o n°o0 0°0  DO°HNT 08°,0T Nw®0n] nS°921l ue*t2l Ik*vg V50T 09°€0T v-"cll ugoel oR®221 vi arl us*9El vg°qui AVine s
2+ 0H°ep n*n n°on Ne0  02°FENT 01°/07 N9*N9T af°Sel ur®c2l 09%Ce NT°s0l A9 ¢UT we utl 1etaet nateel gl url us®9El 0L'aul »aves
2. 0°n 0*0. 0°*0H 0en - peeENT N1°201 N9°AhT An°G2l 0Q° LT N%°chs  01°S0l A9°YUT UL il Vvi®tel na®edi MUl OSC7EL UbTBULl Evner
2, 0+*n neo n°o 00 De*FAT OR*Q0T OAnnsT aa*121 09%(21 U%®gs 09%snl N¥° 20l Uy el VO°sel n-zeld 1Tt l usTOF Ll Ueteuit HIsey
2/ 0°n neo 6'o NeD 08201 Ny)er0T Nnenn] n,°ALL 98121 On*Fa  07°snl N3 50| LTI0T 09®sel 09%cel vt el vI°w21 us*eul Nyl ey "
2 0°n nen n°n Ne0  NG°201 N)°FO0T 0%°nnT ny°) LT 0R%°021 07°Fa 07°Qnl NR°0GT OL*TQT *Sel eyl vitgel U%*21 VE UL J3CA7
2/ 0n°o neo n°o N°0  NQ°20T 0/°F0T NueanT nT°ALT 0e°021 07°Ee  0v°unl Ny 0ul UN®SEl Ryt vitarl um® 21 UE gLl ADNLY
2, 0en a*n n*o 0en  NA°20T 02°F0T N%°AnT aS®elL a6 (21 awcgr  a9°gal NSOV Be*Inl 0Vn®scl natvel vltael u%t 2l uentgul 13012 ;

A4 RSE2 E P220€ T2L€ =%%)GF 12372 VWl N3INOW QN=/c) PalX4 w1S°IQ  N&li1¢ Sdntvn V3 3IMau4 ISV. S 0SS 118 4 e dndiia Qwzau
LR N Wa B LU B R L3373 YYQ/TT XXGDSP £9aNC2 3n%ouT T1T0%2 t 11062 L0109 T-10¢e Liluge velust (nlusl rrCOR] 29euEl  wpou

A P ql Gl "l (2 21 Y 1 3 w l ’ S ' L 4 {

ATNO SAVI¥YILVYW j

404 V1Ivd ATHINOW




H4

. i N, S w e WP o " ’ el o 3 e - - i . B A T " ’ o .

Il ne*n ne*o n°n ney  NE*N2T NR*QST N9Y*292 AT*C 1 %L1 uv 0kl n» UL UL UnTLEe UmtET L d3SLe
42 0°a 0*06 n°o0 Ne0  OR®RTIT 01°NiY NG*29~s n2°n/l “*191 Us°*nkl n=* VP 302 Umt e VI'L?] ONviy
L 0°n n*0 n°o0 nen N°R1T 0Q°R9T NG*292 NT°*v L1 et 291 Uy n7° 0T sue VB HI L T Ly
)y 0°0 A*n A0 NeN  NR*°RTT NR®AQAT NQ*292 nKk*2) | v/ 0LYENS NU° It ue UntLY L NNy
t? 0°0 n*o N*y  NRA®ATT UK AST 1g*2472 nf*ayl ~*=G1 Uum"b6L Uu” UL aug UD°YT | Avnid
12 N°n neon Nen NR®RTIT NR*TLT 19252 af°9yd 3°191 O0°9el Ou® Uz T em| ve*SYl @avid
&L 0%n n*n Nen  02°]TT NQCTLY NQ*2Ge nwL9l = wCT YL 0&al nJ° LG T | VEwTL Cuned
12 0O°n ne*o N2°atr NQeI;1 NGeIw2 An*NST NC° &l H=*AGT Jv°naf Au° 1% =< JU*H 7| 3449
Iy a0 neon N6EC/TT DR*TLT PSOI™2 NN A=T UC%Lgl UN®RGT UE*061L nNe° Vs us® 9L nelsd
11 nen n*o NQ*ATT MR*T,T NAS°1%2 na*lyl 66°al UN®RSY Or°0sl No” T VA | Uy*er| )30y
(L 0°n n*o 00 NH°QTT 0Q°TLT NS°T7/ nkR°AYL UGS L1 Ou°HST U061 08° e "Ll UR®HY L ADNY/
Il N*n nep nen  N2°QTT NR°TL1 NG*Inz n;°nyf 0NC° 61 Ga*wWaY UE*0RT 06" ve T Us*eYl LJCYy
12 o*n n*o Den  0g°SIT 0Q°IzY Ng*In? an®2y1l 8% 281 Ur®QST VE*OKL NG° Ut el PR
kg 00 n*n nen  NGOGTIT UR®TLT 0G°1w2 nul1 Ua*val Ny°®wGT LSyl 0L° uvTeed vosiey
1/ 0°n neg N*N  Ne*GlT 0R°TLT AS*T1»2 Auwesl 0, °ual NS°»aT1 g - u7°er] ve'nsi
S 6% neo 0o DRESTTE OR°TLT Ag¢i»2 0 991 uw’ 0l 09°7281 Og 3 vz ey vete=1
Qy nen n*o yen NNCQTIT NRCTLT Ns°T=2 0)°%ywl uf®—y 1 u9*78T Lo 3 "Tey 5 lad B |
G) nen n*n nen 0A®STT URSIT NGeIng a3°Fa] Ha*mil W2y ntr 0s - G2 ew] O al vitYsi
9, 0°n neon NeO  02°»1T URCTLY NG9l AT°2%] ue'L9l 1Ly s * uwteH| USSSL avas/
S nen n*on 0°0  OA®STT NQR°TLT NS*1R2 AT°0ST Ne°6Y1 12° )61 Uy i 7 291 Jetmu| u3av
<, 0°n n*o nNeH  NE*HTT NR°TLT nGeTIn2 A2°R91 Ha®eyl ul*int ué : A 2 7 e *Z=l Nyt 9
B L L L L L T - ... - - P e R T el e e
A4 AROED)E P2ULE 12LE E°%»SF 12373 Wl VINOW qHM/C NALZs WIS°9q FANTY S $VDvm I S S US WS m) cdvnila QnrAd
MILEA  ONT [4sv 10373 YYE)TT A¥GNSS> Fuent? 30207 Tiun? 2 LENSY IDinSeg Taiy C ekl @vZopd X2t
“T1 )1 ql &t ~t £l - | ! A ” N ¢ i
L2 2 2 2 - - - - - - - Ll - -




APPENDIX
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APPENDIX J

CENSTITIVITY ANALYSIS .
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APPENDIX 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 obtainable.

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

b. Determination of the percent contribution to cost - "Cost Drivers"

c. The weighting factors employed in the overall analysis.

An obvious problem confronting those who must determine the validity 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
determine the "correct" aggregate mix of labor and material when external
to the project, the aggregate split is obviously of interest.
The value for any index depends, basically, on three factors:

a. The number of factors employed, and the quality and detail
contained in the analysis.

b. The values of each component of cost used in the construction of

the index.

J 2




c¢c. The weights, or levels of importance, given the factors, individually

and collectively.

ANALYSIS: The objective of the sensitivity analysis which we performed is to
shed some light on the aggregate material/labor split, which has been a
controversial issue for some time.

Through the use of a set of recursive linear equations, the effect on the

historical inflation index for airframe resulting from varying the

i
|
|
|
|
{
|
i

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

Lohda o cain

The calculations were made using a Wang system 2200 mini computer, and a sample

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

successful index resides in item (1), the number of factors employed, and the

A A S aaan . &

quality and detail in the analysis used in preparing the index. 1In retrospect,

because wages are often tied to the Wholesale Price Index, or other price indices,
in labor agreements, it is not surprising that aggregate weighting percentages
for labor and material might not be an extremely sensitive issue. However,

the calculations 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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