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FOREWORD

This is Volume I of a three volume final report which consolidates the
studies and analyses conducted by Operations Research, Inc. {ORI) for the
National Aeronautics and Space Administration, Goddard Space Flight Center,
under Contract No. NAS5-23477.

WORK OBJECTIVE

The overall objective of this work was to initiate the appiication
of aviation related data base development activities and carry out selected
analyses concerning the evaluation and selection of Office of Aeronautics
and Space Technology (O0AST) Research and Technology (R&T) Programs.

APPROACH

The approach was to execute a series of well-defined aviation and
programmatic studies and data compilations which would individually contri-
bute to an improved capability to assess quantitative and qualitative finan-
cial and technical aspects of R&T investments and programs.

STUDIES AND ANALYSES COMPLETED

ORI conducted studies and analyses within the following general task
areas:

Task I -~ Aviation Data Base Development and Application
Task II Identification of Planning Factors and Activities
Task IIT -- Development of Special Issue Papers

i1



Specific subject areas within each task were determined during fre-
quent discussions with NASA OAST representatives. The amount of effort de-
voted to each subject area and, in sum, to each task was similarly determined.
In this manner, ORI was able to provide flexible, quick-reaction type response
on a variety of timely issues at appropriate levels of effort. Individual
reports of each study and analytic effort are included 1n subsequent sections
of Volumes I and III of this report.

ORGANIZATION OF THIS REPORT

The various studies and analyses completed by ORI were for the most
part independent efforts, however, they are related in that they are suppor-
tive of NASA QAST R&T planning and evaluation efforts.

Volume I contains memorandums and papers generated under Task I.
Documents developed under Tasks II and III are contained in Volumes II and 11T
respectively. In some instances, the choice regarding insertion of documents
under Task II or Task III was arbitrary.



MEMORANDUM

TO: R. Rollins .

FROM: L. Kaplan and M. McDermott

SUBJECT: Aviation Data Base Development and Application - Progress Report
DATE: May 26, 1976

This memorandum discusses ORI progress in regard to Task 1: Aviation
Data Base Development and Application, of the study entitled "Aviation and
Programmatic Analyses”. Topics covered include:

o A general discussion of the data base and what we have
learned to date;

o Procedural guide for basic data tabulations, updates and
entries;

® Application of the data base and computer programs to the
agricultural aviation study in order to assess its value
for actual utility in the OAST working environment;

[ Direction of study and next steps.
GENERAL NOTES ON DATA BASE AND PROGRESS TO DATE

The Aviation Data Base used in conjunction with the General Electric
Management Analysis and Projection (GEMAP) Service provides both useful data
and analytic capabilities to perform simple and complex economic analyses. The
system capabilities include tabulation, plotting and graphing fime series,
autocorrelation, correlation, curve fitting, percent change and regression
analysis. These analytical capabilities hold promise as valuable tools for
planning, forecasting and evaluating programs.

There is, however, a definite need to walk before attempting to run.
At present, although §here is considerable information immediately availabhle
in the Aviation Data Base, few people know how to retrieve it through the
computer terminals. Moreover, as NASA planners accumulate data on subjects not
presently included in the data base; that data could be placed in permanent
storage in the data base file where it would be available for their own use
as well as for use by others.
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Publications are available which 1ist and describe the procedures for
retrieving or adding information to the data base file and for various analytic
operations. Problems stem from the fact that, for persons unfamiliar with
computer systems, the process of locating appropriate sections of the publica-
tions, reading and understanding the prescribed procedures, and actually
- executing the procedures at a terminal, consumes far too much time. As a re-
sult, to a planner it would not appear to be worth the effort. This problem
can be solved through the use of a simplified set of instructions which wili
enable planners to retrieve or add data within acceptable amounts of time.
Examples of such instructions are presented in subsequent sections of this
memorandum.

Before proceeding with more detailed discussion of ORI progress to
date, some additional notes regarding the system in general are appropriate.

The Aviation Data Base and the GEMAP system may be thought-of as two
systems. Each system has its own data base (in the GEMAP system the data base
includes seven different data banks) and its own programs. The Aviation Data
Base is small in comparison, containing four data banks, with each bank having
a smaller number of variables than the GEMAP banks, and can be accessed and
updated with somewhat simpiified programs written expressly for the aviation
data base. Operations can be performed on the data in either data base through
either program as indicated below:

Aviation Data Base GEMAP
Program Program
Data File Data File
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While the programs are similar in most respects, there are some dif-
ferences which should be pointed out:

The Aviation Data Base programs provide shortcuts and
are, quite possibly, easier to learn;

The Aviation Data Base program prints the names of
variables (Ex: "Revenue Passenger Miles") in addition
to the variable.lables (Ex: GPBF58). The GEMAP program
prints labels only. Neither program prints the type of
units.

The Aviation Data Base update program can only be

used to enter annual data; for semiﬁgnnua1, quarterly,
monthly, etc. data, the GEMAP program must be used.

This problem may not, however, effect the usefulness

of the Aviation Data Base update program to NASA planners
since annual data is most frequently used in evaluating

government programs.

When entering data in the aviation data base file, years

for which data is not available must still be assigned a
figure. A "zero" may be used but all graphic print-outs

will then display a curve dropping io zero for that year.

A figure from the previous year{s) may be used or figures
may be interpolated from available data. A better method
may be found which would enable the aviation data base
program to print "NA" for data which is not available
instead of zaro, a previous figure or an interpolated figure.

The Aviation Data Base update program prints out a complete
description of each new variable entered into the data base
which is useful as a reference index for determining the
source, time span, type and frequency of the data for each
variable. The GEMAP program does not provide all of this
information, nor does General Electric provide a reference
index to find the information.

3
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PROCEDURAL GUIDE

The information presented in this section enables a user with Tittle
or no computer orientation to perform tasks with the General Electric Management
and Analysis Projection Service (GEMAP) and NASA's Aviation Data Base. The
oberétions prasented in this guide are by no means inclusive of all the operations
possible with GEMAP, however, they do include the most useful procedures and
operations for analysis and evaluation of NASA 0AST programs. The guide is
presented in tabular format with each table describing one -operation or
procedure. For example, Table 4 presents the procedure for accessing data
from the system in time series format and then for plotting and graphing that
data. Each table is formatted so that. the user will know exactly what to type
into the system and the resulting computer response. This is done by presenting
two columns in each table. The first column, entitled "User Input" will be
typed on the. keyboard by the user, while the second column entitled "Computer
Response" presents the computer's reponse to that input. FEach procedural
table is followed by an annotated hard copy ‘example run on the terminal.

A1l upper case letters should be typed on the keyboard while all
lower case letters describe a general command which should not be typed. For
example, in Table 6, the user opens the data bank by inputting "FNA (a four
letter-designator for one of the data banks in Table 1)“. The user types
"FNAECDF" which opens the data bank ECDF and enables the user to access data
from that bank. The six data banks are contained in Table 1. Variables located
in a data bank are usually identifiable by the first two letters of the variable
neme. For example, variable POGAOO13 is located in the PODF data bank. In the
hard copy examples all symbols enclosed by squares are typed by the user while
symbols which are not enclosed are the computer's response.
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TABLE 1
DATA BANKS

NASA Data Banks:

ECDF
PODF

SPDF
RGDF

Main data bases on GE Timesharing System (2 of 7 available)

NBERG
NBERI

Variable names located in the aviation data base are presented in Appendix A.

Various symbols and phrases used in the guide are defined in Table 2.
Tables 8 through'8 provide instructions to the user for various operations

and procedures which

A
yy
(cr)

no response

TS
&(cr)

can be performed on the system.

TABLE 2
DEFINITIONS OF SYMBOLS

space

last two digits of data year

push carriage return

computer does not respond and user should continue
with next input command

time span

allows user to continue input on next Tine
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TABLE 3
SIGN - ON PROCEDURE

This procedure must be performed to begin operation of the system. The
machines should be turned on and set at half full on 300 baud. The telephone
is then placed on the acoustic coupler and the following number is dialed by
the user:

9-340-48¢00

User Input Computer Response
H (cr) Ug=
HCQ$1752, NASAMAP, Password {cr) SYSTEM
FIV  (cr) NEW OR OLD

HARD COPY EXAMPLE

US=HCQO1752, NASAMAP , ORI|
SYSTEM-[FIU |
NEW OR OLD—
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TABLE. 4
TABULATING, PLOTTING AND GRAPHING

User Input , Computer Response
RUN & MAP  {cr) EXEC

LOGF (cr) YOUR NEW MAP LOG
. FILE IS MAP LOG

- -

?

FNA data bank (cr) - ?
TSa begin yyA end yyh:Abegin yyd end yy {cr) ?
(Note: the years for which data is desired must be listed
twice)

TABA. variable name (cr) prints variable
values by year.

GPLTAVariable name(s)ANAME*AAIRNAMESA. & (cr) plots and graphs

:AphoA:AYESAYESAthis is a title (cr) variable(s)

HARD COPY EXAMPLE



MaP 11 10EST BE8/03/76

FOR LATEST INFC (295 76-/085-13). TYPE. ‘INFO‘ AFTER ’EXEC%’

EXECYLOGF

YOUR NEW MAPLOG FILE IS MAPLOG43
N _ECDF

4TS 6@ 75 : 60 75 |

TAB ECGABOES|

ECGAGOES ECDF ‘750408 17+ 42GMT
=11 -NA—
61 ~NA= ~NA- =NA- 3317.0 3984.0

668 4741.0 4487.0 3946.@ 3530.9-2991.9
7L 2630.0 2623.0 2541.9 2421.9 11S1.@

GPLT ECGAO025 NAMEK ALRNAMES ' © @ ' YES YES OAST OF PLAN]

raf vt Y et



ODAST OF PLAN

NAaSA OARST TOTAL OF PLAM
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4000
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2009 -
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TABLE 5
CHANGING THE EXISTING VALUE(S) OF VARIABLES
AND ADDING NEW VALUES FOR UPDATING PURPOSES

Perform the following operations after tabulation:of the variable
in question.

User Input Compuier Response

TSAbegin yyi end yyh: Abegin yyA end yy (cr). ?
(Note: years are repeated)
NEW DA. variable name A new values ({cr) prints out first
new values, then
old values.

HARD COPY EXAMPLE

~10



TS 70 80 |

?TAB RGOS7777 |

RGOS7?T7Y RGDF B - 76e519. 15;_2301‘11'"

66 L S - e e
1. 21.60 24.9 2.2 6.9 4.3
76 .0 —NA~ -~ ~NA~ =NA=~ =NA=
8L  =NA~  ~NA=_: =NA= =N~ : =Na—

s 26 7. 7e 77|
JNEWD_RGOS7777 8 12 .71

EDITING MAP FILE. RGDF

76 At '
RGOS?7?77 8.0 i12.7.
" 3.2 =~-NA~

-

TTAE RGOS7VTY?T NP

RGOS7?7??7  RGDF . _ 760603  16:33GMT-;
7% 8.9 - 127
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ADDING NEW VARIABLES TO THE AVIATION

Aviation Data Base Development and Application - Progress Report

DATA BASE (FOR USE WITH ANNUAL DATA ONLY)

User Input
RUN & UPDAT.VDF  (cr)

Y (er)

Variable name {er)
Unit of measure (i.e., MILLIONS) (cr)

Enter long name of variable* (cr)

*Note: If description is too Tong
for Tine, enter an @. for Tast
space and return. The computer
will respond with CONTINUE? and
user will input the remainder.

. User Input
Source of data* (i.e., publication) (cr)

Data bank in which variable will be located (cr)
Todays date - year month day (cr)
Period of update (i.e., annual) {cr)

Enter a keyword until 2ll are entered
then end with a (cr)

Description of the variable* (cr)
Short name (cr)

Users last name ({cr)

12

Computer Response

CMf run started. (Com-
puter prints number of
self explanatory instruc-
tions and information
about the program).

IS THIS A NORMAL RUN
(Y/N)?

More instructions and
instruction ENTER
VARIABLE NAME?

ENTER TYPE (1)?
ENTER LONG NAME(S)?
SOURCE (3)?

Computer Response

LOCATION (4)?

ENTER ENTRY DATE YYMMDD (5)?

UPDATE (6)
KEYWORD (7)?
DESCRIPTION (8) ?

SHORTNAME (9)?
YOUR NAME

IS THE INPUT CORRECT
(YES/NO)?
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User Input
User: Choices (2)

NO (er)
YES {(er)
YY, YY (cr)

Data bank (er)

Numeric values for each year separated
by spaces. (cr)

User Choices (4)
Yariable name (cr)

Full (er)

User Input

STOP This command should be
executed if all input is

correct and no additional

new variables are to be entered (cr)

Y

(cr)

User Choices (3)
YES
(cr)

REW (cr) This command should be
executed 1f all input
is correct.

HARD COPY EXAMPLE

13

TABLE 6 (Cont)

Computer Response

Instructions for editing
the data.

ENTER TIME SPAN FOR
VARIABLE (BEGIN YY, END
YY)?

ENTER DATA BASE FOR VARIABLE
variable OR (cr) FOR NOT
DATA?

ENTER VALUES FOR TIME SPAN
YY THRU YY?

ENTER NEW VARIABLE NAME
OR (cr), FULL OR STOP

Enters edit program allowing
corrections to be made.

Starts program over again for
addition of a new variable

Terminates this program pre-
venting entrance of other new
variables into the data base
and begins the next program.
Is. this a Normal Run (Y/N)?

IF ADDVDF IS TO BE VERIFIED
(CR) OR IF NOT USE BREAK KEY?

IS THIS RECORD TO BE DELETED
(YES) OR JUST REWROTE (REW)
OR ELSE (CR).

Record is deleted
Instructions for editing data

Record is written.Whenever the
computer responds with the
question "I$ THIS A NORMAL RUN
(Y/N)" the user will type "Y".
Further information is given and
various programs are run (without
user input) which enter the new
variables into permanent storage
in the aviation data base.



H
UE=HCGR1752. NASAMAP ., OR1
SYSTEM~ FIV

NELW OR QLD=—

IRUN UFDAT . UDF|

UPDAT .UD @9:2BEST  06/08/76.

CMF run. started
RUN SAFEUDF

SAFEUDF 99 23EST @6/08/76




XKREk¥k RUN THIS PROGRAM OﬂLY oN 3@@ _BAUD. CONHECTION **X*#X*X

IF NOT YOU WILL BE UNABLE TO INPUT DﬂTﬁ
END RUN BY HITTING BREAK KEY TILL RUN ENDS
THEN D&ll 3@9 BAUD NURMBER

THE PURPOSE OF THIS SYSTEN I3 TO PROUIDE. AN EASY METHOD

OF UPDATING THE VDF AND AIRNAMES FILES. AFTER NEW UARIABLES
HAUE BEEN ADDED TO THE MARP DATA- FILES. BECAUSE. OF THE MANNER
IN WHICH THE SYSTEM RUNS THE PROGRAM. THERE. IS THE
POSSIBLITY OF A SYSTEM INTERRUPT OR- BREAK WHEN NGT NEEDED
DURING. EXECUTION. SOME SAFEGUARDS HAVE BEEN PUT

INTO THE. SYSTEM TO SAVE: WHAT Hﬂs BEEN DONE

1 — IF THE SYSTEM INTURRUPTES UHAT’HAS BEEN DONE Is NOT LOST
2 — THE UPDAT.UDF CaAN BE RESTARTED AT CERTARIN LOCATIONS.
3 — PROTECTION TO THE UDF FILE AND ARIRNAMES FILE IS ADDED

- AGAINST THE’POSIQBLITY OF'DESTRUCTION ’

YOou WILL OMLY NEED TO RUN THESE SRFEGUHRD PROGRAMS- IF THERE
HAS BEEN AN ERROR. IF THE HAS. BEEN AN ERROR RESPOND TG THE
QUESTION IS THERE‘HN ERROR :',°:f‘.

WHEM REQDV TO CONTINUE.ENTE?_Q*(CRJ?

Yer e e gasle | e someam o RRERLE L it e a s T bt L T il e, T " T g— T T



IS THIS A NORMAL RUN (¥Y-sNITY]

PROGRAM STOP AT 270

USED 2.37 UNITS

CRE AIRTMPLL..

READY .

CRE ADDUDFT. .
DUPLICATE FILE NAME
READY )

K¥X COMMAND MALFUNCTION-SKIPPING. TO, SBREAK XXX

SERERK

-t
1 "y
e 22
[Ty
WA A Rl 1, .,

- hl Ta - T &7 - T 'l!‘-':"'-"-i- . D T - - Lo t ey
P, B 3 R e e T Y R e o e



ENTER UARIABLE NAMEAPOGA1111]
ENTER TYPE(1)AMILLIONS

ENTER LONG NAME (2)7RCRES TREATED BY AGRICULTURAL AIRCRAFT]

ENTER SOURCE (3)TRUIRTION 1974 -
ENTER LOCATION (4)JEODE]L
ENTER ENTRY DATE Y¥MMDD(5)>*F6e523]
ENTER FREG OF UPDATE (8 FRNNUALLY]
ENTER KEVYLORD(7)7PRG-AIR|

ENTER KEYWORD(7)?

ENTER _DESCRIPTION (8)AMILLIONS OF ACRES OF FARMLAND TREATED BY AGRICULTLURA|

ENTER SHORT NAME (9)7RG-RIR ACRES|

ENTER YOUR LAST NAME-EABLAN]
IS THE INPUT CORRECT (YES/NQ)I?RES]

_ NOE FHAE
PRRGEDING

[P e 1 " 5 NI X R




ENTER TIME SPAN FOR POGA1111 (BEGIN Yv¥., END vy 367 72|

ENTER DATA BASE FOR UARIABLE POGAL111 OR (CR) FOR NO DATAHFODF]

ENTER 6 UALLUES FOR TImr-.' SPAN 87 THRU 72
qre 9 9L 104 116 118]

¢ 6719;".

N . - - .
s = - B i . L L . T PR [ v— U
S P TR . R s S SR NRNAI .« NV e e Y- TR v



REGCORD XXXK¥kX
10 Q@IMILLIONS 1@ @2ACRES TREATED BY AGRICULTURAL AIRCRAFTZ®

POGAL1111l

POGAL1L1L

POGAL1111
POGAaL1111
POGAL1111

(RS

12 @&3AUIARTION 187438 @4P0ODF4@ @57c05235& 2cANNUALLYES
14 @7AG-AIR7E @&SMILLIONS OF ACRES. OF FARMLAND TREATEL
18 BY AGRICULTURAL AIRCRAFTE® @9AG-AIR ACRESOE @A KAFPLAN
18 A&

-

v~

@T 1967-72 T@-
ENTER NEW UARIABLE NAME OR CR. FULL. OR srom—

e Lo A,

e -

-
e, A 5 by T s o P AN 3 R B ten S W 1§ s e e
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IS THIS A& NORMAL RUN (Y N>

PROGRAM STOP AT 27¢

USED 2 @6 UNITS
RUN O .UPUDF4

IF ADDUDF IS TO BE UERIFIED (CRY, IF NOT USE BREAK KEY?

2=

w el e e o e g I D L T T Bt e



XEXKXXKXRECORD READXEXRXXXK

POGALI1L
POGALT 111
pPOGARLI11L
POGAL11ll
POGRAT11L

@iMILLIONS 14 @&2ACRES TREATED BY AGRICULTURAL AI
RCRAFT2E @3AVIATION. 197438 @4PODF4@- @57605235@ 46
ANNUALLYSE @7AG-AIRTE@ @EMILLIONS OF ACRES OF FARM
LAND TREATED BY AGRICULTURAL. AIRCRAFTEE® #9AG-AIR
ACRESS®E d&A KAPLAN A@  @T 19&7~72 T® -

IS THIS RECORD TO BE DELETED (DEL) OR REWROTE msu)
ELSE (EDI) TO EDIT INPUTTREU]

e

EXERKKRURITE RECORDXKKKKKEK

POGAL1111
POGAL111l
POGRL11L
POGALLIlLl
FPOGAL111L

190 @1MILLIONS 1& &SSACRES TREHTED BY HGRICULTURQL AIRCRAFTEE
12 @3AVTATION 18743€ @4PODF4& @S76052358 @8ANNUALLYSE

14 @7AG-AIR7E @SMILLIONS OF ACRES OF FARMLAND TREATED

16 BY AGRICULTURAL. AIRCRAFTE®: GQQG—QIR ACRESHE: @ﬁ KAPLAN

18 RE@ aT 19s7-72 T@

 THE
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IS THIS A NORMAL RUN (¥/N)HZ]

PROGRAM STOP AT 260

USED .69 UNITS

OLD ADDUDF
READY

EDI SEQ
READY

REP

READY

RUN O.UPUDFZ2

0.UPUDF2 @g:45EST - ©6/08/76.

- - - o~ oz g e ST 5 - - - .
- v o WAt em——— Ty g T e AT S A - e 3o T A I oy e b e M Sy P i e s



X¥Xxx THIS IS5 AN UPDATE LISTING TO THE UDF_FILE Xxkkk
IS THE OUTPUT TO BE HARDCOPIED (YES/NG)

24~

e e, St—— - _“,.'-; P sl she e [ Y o TR ) -‘-""“‘:"?‘i"‘f 2TV s T n o S el A e L 5
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CURRENT DATE: 06,098,785
VARIABLE NAME: POGAL111

FILE LOCRTION- PQODF TYPE: MILLIONS:
LONG NAME- ACRES TREATED BY AGRICULTURAL. AIRCRAFT

SOURCE » AVIATION 1974 e

DATE. 760S23 FREG- ANNUALLY TIME SPAN: 1967-72
KEYWORDS: AG-AIR

DESCRIPTION- MILLIONS OF ACRES OF FﬂRhLAND TREATED BY AGRICULTURAL.
AIRCRAFT

SHORT NAME: AG-AIR ACRES

- pre. v L v . B NS s g - o, - ey an o — S N P Ry
——— - 3 LR i et TreEEL T ST VT T T et -



IS THIS A NORMAL RUN (Y N)5E)

PROGRAM STOP AT 27
USED 2 S8 UNITS
RUN O.UPUDF3

Q. UPVDF3 @8 48EST

06/ 08-76

¥XKK THIS IS AN UPDATE TO THE AIRNAMES FILE OF LONG: NAMES XXXk

DO VOU WANT A HARDCOPY MADE (YES/NO)?PYES]

v . .
I Y S R D

e

- —

e N



POGAL111 ACRES TREATED BY AGRICULTURAL. AIRCRAFT
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PROGRAM STOP AT 98¢0

USED 138.99 UNITE
OLD AIRTMP1t

REARDY
EDI SEQ

READY
REP

READY .
EDI MER AIRNAMES: AIRTMPLL

READY
REP

READY
S$BRERK
FPUR ADDVDFT

READY
end <of cmf run
READY

- e e em W e et ol I . B
TN PP ST PO PR L C T ke YAUE By T e L e A i B ahe et TV
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TABLE. 7

ADDING NEW VARIABLES USING GEMAP PROGRAM

This program should be used when data values are for intermittent
years, whereas the previous aviation data base program (RUN UPDATE.VDF) is
used when data values are for continuous years.

User Input
RUNAMAP  (cr)

NEWVAVariable name

(cr)

TSAbegin yyA end yyA: Abegin yyA end yy (cr)
NEWDAVariable name 4 Data Yalue for

- first year (cr)

ALTD A Variable name A next year (cr)
(YY) in which data is available &
AData value for next year in which

data is available

Continued with "ALTD" etc. until  (cr)

all data is entered

HARD COPY EXAMPLE

29

Computer Response
2

?

?
EDITING MAP FILE
(computer will print data

in following format:)
Data Bank

Year Year

Variable name Yalue
?

(Computer will print
data in following format:)
Year Year

VYariable name Valus
?



HiHkHH

UE=HCQR1752. NASAMAP . ORI
SYSTEM=- FIV

NEW OR OLD-

MaP VB 48EST QB3 T

FOR LATEST INFQJO (287 768-Q8/07). TYPEZ’IN#O’ AFTER “EXEC?~
EXECHLOGFE

YoUR NEW- MAPLOG FILE IS MAPLOG4E
NELIV POGA

MAP FILE NeMEAPODE]

#fs 75 99 75 99l

FNEWD POGAR234 & gl

EDITING M&P FILE PODF

30

]



|ALTD POGAQO34 20 10 3 |

EDITING MaP FILE PODF

1% 89
POGARR34 10 2
. it} _Hﬁ—
FJRLTF_D POGRo034 35 34

EDITING MAP FILE PODF

85 8%
POGAQO3+ 34 0
" -NA-

*BLTD FPOGA0D54 90 B3]

=17 =15
POGROQJI4 €3.9
¥ PR

4ALTD POGAQ®34 95 115.48F

95 gs
POGARR34  115.5
n —NA-

“BLTD FPOGape34 93 163]

=1 99
POGRRAZ4 152.¢
" —HFs—~

-31-



TAE POGARYO34

POGROO34

Ti
T8
g1
3
Si
96

~NR=—
-NA—

PQORF

-Na=-"

—NA-
oy .
—N&—

N

--NH._;

—MNA-
Ny~
- -

~M&-
-NA—,
-Npy—
153.@

| 750808 13- 57GMT .

NP s’
neON®

P R T N e
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TABLE 8
SIGN-OFF PROCEDURE

User Input Computer Response
BYE or GOODBYE Run is terminated

HARD COPY EXAMPLE

[BYE |
@0163.24 CRU  ©000.77 TCH  ©@006.29 KC
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- DATA BASE UTILITY FOR NEW PROGRAMS

o The Ag-Air program has been chosen-as a potential example around which

a workshop- session could be developed. The discussion will also illustrate

some of the problems associated with using the data base for real problems in

real time. An additional example is being developed relating to total aerocnautics
sales (world-wide), past and future. We believe that the ultimate utility of

this system can be determined by reviewing the deficiencies of the current |
system as applied to day-to-day problems facing O0AST.

There is another consideration regarding the two systems which should
be discussed. The information in the GEMAP data files is voluminous and is
inserted and updated by other sources. The data in the Aviation Data Base files
has been collected by ORI because of its potential applicability to NASA
programs. It is not currently being updated but can be updated when its utility
has been established. The usefulness of various data s somewhat difficult to
predict. At the time when the data base was developed, average farm size in
the United States probably received little or no consideration as a variable
worth storing in the data file. Yet, in the on-going agricultural aviation
study, just such a statistic proved useful. This and other data become useful
after the fact. In such cases, it would sti11 be useful to enter such data in
the aviation data base file for monitoring purposes as programs continue into
the out years. There will no doubt be other programs which require collection
of data not presently found in the aviation data base file. But this does
not mean that the file is useless; it merely indicates that such data should.
be added to the file for continued use. In the meantime, agricultural avia-
tion program data, general aviation data, high technology assessment data
and other data collected for use in on-going programmatic analyses could be
entered into the data file.

Variables presently contained in the aviation data base which were

useful in planning and evaluating the agricultural aviation program are listed
in Table 9. )
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TABLE 9. AVIATION DATA BASE VARIABLES
RELEVANT TO AG~AIR STUDY

Gross National Product (GNP)
Farm Business GNP

Real Farm Business GNP
Agricultural Employment

Farm Residential Structures
Accidents Per 100 Million Miles
Rates of Return

Farm Proprietors Income

Figures 1 and 2 demonstrate the plotting and graphing capabilities
of the GEMAP System. Figure 1 displays GNP and Farm Business GNP, providing
useful data as well as illustrating the relationship between the two indicators.
Figure 2 11lustrates the cyclical yet overall upward trend .of Real Farm Business
GNP. Figures 3 through 7 display other variables listed in Table 9.

A significant quantity of other data pertaining to agricultural
aviation was collected from various sources. Such data could be added to the
aviation data base and thus be made readily available for use in future economic
and cost/benefit analyses. As NASA planners become familiar with computer
terminal procedures, they may also be able to make use of the more complex
analytic capabilities of the GEMAP system.

Table 10 provides a list of additional variables which could be entered
into the data base for continued use in support of the ag-air program.

TABLE 10. ADDITIONAL VARIABLES RELEVANT TO
AG-AIR STUDY

UNITED STATES STATISTICS

Miles flown by Ag-Aircraft

Hours flown by Ag-Aircraft

Number of Ag-Air operators

Number of Ag-Aircrafi

Number of Ag-Air pilats

Acres treated by Ag~Aircraft
Galions of fuel used by Ag-Aircraft
Accidents involving Ag-Aircraft
Fatalities from Ag-Air accidents
Acres in cultivation

-35-
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WORLD STATISTICS

Number of Ag-Aircraft
“Acres treated by Ag-Aircraft
Acres in cultivation

No-Till Farming Trends

In the course of the ag-air study, new farming techniques were examined
to determine their potential impact on the use of ag-aircraft. No-till farming
(a technique wherein crops are directly planted without prior plowing or
seedbed preparation in a sod or the residue of a preceding crop) was identified
as a technique having broad implications for ag-air.

Data collected for use in estimating the impact of no-till trends on
ag-air- was not available in the aviation data base files. However, such data
provides an excellent example of the type of information which can be added
to the data base and made available Tor future use. ORI entered relevant data
into the aviation data base files where it can now be accessed as required.
Examples of data entered include:

o  Total acres treated by ag-air (Figure 8). —
o  Projected acres farmed by no-till methods (Figure 9).
» Projected acres treated by ag-aircraft (Figure 10).

Figure 8 totals for acres treated by ag-aircraft reflect multipie ap-
plications.

In Figure 10, the data point for 1974 indicates 200 million acres
(multiple applications) were- treated by ag-aircraft. Data for subsequent years
include a constant total of 200 million acres for existing ag-air operations
plus the additional acres resulting from projected increases in no-till tech-
niques. No-till totals are calcutated at the rate of one additional applica-
tion per acre.. In reality, the number of acres treated.by ag-air, exclusive
of no-tiil trends, can be expected to increase at some as yet undetermined
rate. By the same token, the projected increases in no-till acreage will in-
clude some number of acres presently being cultivated by standard technigues
and which are already being treated by ag-air. The analysis is therefore in-
complete and will require indepth study to develop more realistic¢ projections.

Determinations will be required relating to:
-36-
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GROSS NATIONAL PRODUCT

GROSS NATIONAL PRODUCT
FarRM BUSINESS GNP: PRIVATE:; GNP BY SECTOR
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REAL FARM BUSINESS GNP
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AGRICULTURE EMPLOYMENT

AGRICULTURAL EMPLOYMENT, CFL.
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FARM RESIDENTIAL STRUCTURES
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ACCIDENTS

ACCIDENTS PER 100 MILLION MILES
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AIRLINE INDUSTRY RATE OF RETURN ON INVESTMENT
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FARM PROPRIETORS INCOME

FARM PORPRIETORS INCOME GY.
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ACRES TREATED BY AG-AIR
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PROJECTED ACRES TREATED BY AGRICULTURAL AIRCRAFT
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» The rate of incredse of total acres treated by ag-air
exclusive of no-till trends (analysis would involve
identification of primary factors driving ag-air
growth) ;

e The number of acres currently treated by ag-air and cultivated
by standard means which are 1ikely to be included in no-till
programs ;

»  The avérage number of appiications per acre under no-till
techniques. {Considered above as one per acre but the
actual number is expected to exceed. this figure.)

The data tabulations depicted graphically in Figures 8, 9 and 10 can
be generated through simple computer terminal procedures. The more. complex
analytic ﬁroceduneé necessary to support an in-depth analysis of the impact
of no-ti11 farming on ag-air can also be supported by the aviation data base
programs. NASA planners have the option to Tearn the more complex procedures
or to seek support in conducting the more complex analyses.

DIRECTION OF- STUDY AND NEXT STEPS

The Aviation Data Base and the GEMAP system contain useful analytic
information which can be accessed and displayed in time series format. They
can also accept data updates as well as data for new variables not presently
in the data files. Moreover, the Aviation Data Base and GEMAP programs include
sub-routines which enable analysts to perform more complex socio-economic
analyses.

The procedures outlined in this memorandum can provide users with
sufficient information to access, enter and update data, In using these -pro-
cedures, the users can also gain sufficient familiarity with the system to per-
form the more complex socio-economic analyses. It should be pointad out that
the more complex computer sub-routines(Ex: regression analyses) involve
terminal procedures no more complicated than those for accesssing, enterinj and
updating data..
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ORI will continue development of user information in preparation for
a series of workshops designed to enable NASA planners to utilize the Aviation
Data Base and GEMAP system on a continuing basis.

Certain problem areas have already been identified by ORI and will
receive continued emphasis:

L

Integration of the Aviation Data Base update program with
the GEMAP program so that the advantages of each may be
incorporated in one procedure,

Determination of variables which are significant and which
therefore should be verified and updated.

Determination of the type of storage {temporary or
permanent) that is actually achieved when using the
GEMAP system.

Tdentification of the type of units which the computer
is printing (Ex. thousands, millions, etc).

Use of data base for on-going problems and description
of difficulties encountered.
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MEMORANDUM
June 17, 1976
T0: ’ R. Raollins
FROM: L. Kapian
SUBJECT: Aviation Data Base Development and Application - Commercial

Aircraft and Engine Shipments, U.S. and Worldwide.

~

This memorandum presents an example of the potential utility of the
Aviation Data Base to OAST analysts: Basically, the system can be used to
store data which 1s considered valuable for analysis of OAST programs. On-
1ine data allows rapid access to reliable information, therefore, reducing
time spent on research and providing data for quick reaction tasks.

The way in which this system can be used was illustrated in a pre-
vious memorandum (May 26, 1976 Progress Report) where the demand for agricul-
tural aviation was projected through the year 2000. The necessary data was
entered into the Aviation Data Base and is now availabie for future analysis.
Another example has been developed to further demonstrate the utility of the
system.

On June 11, 1976, ORI prepared a report for NASA Headguarters on
worldwide and U.S. shipments of commercial aircraft for NASA's budget advocacy
package. Both past data and future projections were provided. Most of this
data was compiled by hand from government and industrial sources. None of the
necessary data was in the Aviation Data Base or the GEMAP Data Bases. Had
the Aviation Data Base been operative at that time, as it is now, that analysis
could have been done in a fraction of the time it did take.

In the report the data was separately grouped by: 1) commercial
transports, 2) general aviation aircraft, both fixed wing and helicopters
and 3) aircraft engines. The data was further developed by ORI for entrance
into the data base. The three groupings were changed into eight varjables
(see Table 1), four for U.S. manufacturers and four for worldwide shipments.
A1l eight variables were entered into the economic data file of the Aviation
Data Base. Each variable covers two.ten year periods, 1966 - 1974 and 1975 -
1986. The first period contains actuals and the second projected data. A1l
dollars are stated in 1975 constant dollars.

The new variables were entered intc the Aviation Data Base via the
update program (see May 26, 1976 Progress Report) which prints out a complete
description of each variable, including the source, time span, type and fre-
quency of the data. Hardcopied descriptions for each variable are provided in
Figures 1 -~ 8. Graphic plots of the variables are presented in Figures ¢ - 12.

Calculations were made with the system to determine total U.S. manu-
facturers aircraft shipments and total worldwide aircraft shipments for each
year. This was done by simply adding together the four variables associated
with each respective total. Figure 13 presents a graphic plot in time series
format of the resulting calculation.



Aviation Data Base Development and Application - Commercial Aircraft and Engine.
Shipments, U.S. and Worldwide.

June 17, 1976
Page 2

Four additional variables were entered into permanent storage in the
aviation data base. The variables contain low projections of U.S. manufacturer's
shipments of commercial aircraft and engines. Their complete descriptions are
in the variable description file under the following variable names:

ECGA1044
ECGA1045
ECGA1046
ECGAL1047

Temporary variables were developed to graphically illustrate the
total worldwide market (past and future) for commercial aircraft and engines
and the United State's share of the market (see Figure 14). United States
projected shipments are presented in two scenarios. The "high" projection
assumes that the U.S. will retain its present market share and the "low"
projection assumes the U.S. market share will reduce to 50 percent over the
ten year period 1976-1985. .



" VARIABLE NAME

ECGACO44
ECFAQ010

ECGACD45
ECFAO011

ECGAQ046
ECFA0012

ECGAOG47
ECFA0013

TABLE 1
AVIATION DATA BASE
VARIABLES FOR COMMERCIAL AIRCRAFT
AND ENGINE SHIPMENTS U.S. AND WORLDWIDE

VARIABLE DESCRIPTfON

Commercial Transport Aircraft U.S. Manufacturer's Shipments
Commercial Transport Aircraft Worldwide Shipments

¥

Civil General Aviation Fixed Wing Aircraft U.S. Manufacturer's
Shipments

Civil General Aviation Fixed Wing Aircrafi Worldwide Shipments

Commercial Helicopters U.S. Manufacturer's Shipments
Commercial Helicopters Worldwide Shipments )

Commercial Aircraft Engines U.S. Manufacturer's Shipments
Commercial Aircraft Engines Worldwide Shipments



CURRENT DATE: ©&6/18-76
_URRIABLE NAME: ECGARQ44

FILE LOCATION- ECDF’_: TYPE} tQ?S COHSTQNT’DOLLARS IN BILLIONS.
LONG NAaMe: CONN TRHNSPORT RIRCRQFT US MFG SHIPMEHTS
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CUSRINT LATE: B6-15-75

URRIABLE MAME - ZO0GAPS<T

FILE LQSATION- ECDF TYPE. 1S7S CONSTANT J0LLARS IN BILLINNS

LONG NAME- CIUIL GEN AVIATION F-u AIRCRAFT US MFG. SHIPMENTS

SOUPCE GENERAL AUIATION MANUFACTURERS ASSOCIATION AND CRI

T PR

oPpTE 70616 FREGQ- WHEN EST. HQE:@EQISE&' ' TIME SFaM 1306-3%

YEYWORDS  FIKED WING .

DESCRIPTION: CIUIL GENERAL AUTATION FIXED UING AIPCRAFT U o
MANUFACTURERS SHIPMENTS-aCTUAL. (1966—-7S7 AND BRAJECTED
(1576-85) PROJECTIONS By ORI FROM GAMA- DATA

-FIGURE"S -




CURRENT DATE 061,75

[

VARIABLE MAME - EIF&091

FILE LOCATION- ECDF . TYPE: 197§ CONSTANT DOLIARS IN BILLIONS
LONG NAME: CIVIL GEN AUTATION F-u: AIRCRAFT LORLD SHIPMENTS

SQURCE : DEVELOPSD BY ORT FROM AUIATION DATA-SYSTEMS INC REPORT
: ON NON-U.5. MFG WHICH SHOWS: AIRCRAFT SHIPMENTS T0 BE
9.3 PERCENT OF THE . - WORLDWIDE TOTAL ]

Inm-

DATE- 760616 FREQ: WHEN EST. ARE.REUISED

- TIME SPAN  1966-8

KEYWORDS: FINED WING . "5, 0. o=, .07 o L.
| . LT . = oAl ‘:'3 N T a1 -

DE3CRIPTION: CIUTL. GENERAL AUTATION FINED UING ATRCRAET WORLD-
WIDE SHIPMENTS-ACTUAL. (1966-75> AND PROJECTED (1S76-85)

EIGURE.4
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CURREMNT DATE- Q6,166,785

URRIABLE. MAME ECAAR245

FILE LoCwsTION- ECDF "“rPE 19"5 CONSTQNT DOLLF&Pg IM BILLIGNS

LONG NHNE" comm HELICGPTEF&S us NF'& SHIP“’ENTQ

SOLRCE AERCSPACE F &, F’QEROSPQCE.INDUSTRIEb ASSOCIATICN OF
AMERTCA. INDUSTRIAL OUTLOOK -

-

DATE 750515 FREQ: LHEN EST éésnﬁsursan TIME 5PaN  1985-25

SESCRISTION: COMMERCTIAL. HELICOPTERS U. S FMANUFRCTURERS ShIPMENTS -ar TUATL
(1388-1974) AND FROJECTED ¢ 1978~85) .

FIGURE &
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JURRENT DATE 6B/ 18-75
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EILT LOCATION- ECDF TYPE~ 1S7% CONSTAMNT COLLARS In BILLICHS
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Fan™ PROJECTICNS I THEIR AUIATIOM FORZASTS FvY 19687-27 .
DATZ- TE25LS FREG UHEN- EST ARE REUISED  TIME SPaM.  1984-
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FIGURE? 7
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Operations Research, Inc. August 15, 1976

MEMORANDUM

TO: R. RoTlins, NASA
FROM: L. Kaplan.and D. Liston, ORI
SUBJECT: Technical Library Development

This memorandum presents a systems design for filing and retrieving
technical documents leading to an Information Center, combining aviation data
base activities and 1ibrary functions. The system is illustrated by a fiow
chart in Attachment A. :

DOCUMENT SELECTION ANC PROCESSING

Non-technical administrative correspondence are processed and filed
in a separate system described in a previous memorandum (Administrative Control
Procedures, July 15, 1975).

Technical Documents shall be screened and selected for processing into
the Tlibrary by the professional staff. The professional staff will also perform
the classifying and indexing functions included in document processing. A
steady-state input flow of eight technical documents per week was estimated
in a recent survey of incoming mail. The low input volume should occupy mini-
mal staff time and will expedite more appropriate selection and processing than if
the processes were performed by others not in the Study, Analysis and Planning
Office's staff. The non-professional staff will be responsible for duplicate
checking, accessioning, cataloging, posting and maintaining both the index and
the physical library.

Document processing cards displayed in' Attachments B and C should be
attached to documents selected for the Tibrary and completed by cognizant staff
members. Dififerent colored cards will be used to distinguish between space and
aeronautics documents. The cards are identical except for the classification
categories.
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Professional Staff Functions

Input Screening and Selection of Documents. Document selectors will

also be users. In this type of system specific document selection guidelines
are unnecessary and documents must be selected in a subjective manner.

Classification. A preestablished classification scheme is presented
on the backside of each of the document processing cards in Attachments B and C.
The classifiers shall circle only one classification per document. The ob-
jectives of classification are:

(1) " To provide direct, physical access to the documents
in the collection;
(2) To provide an organized rationale for the shelving
of documents that have been processed into the system;
(3} To see at a glance the relative strengths and weak-
nesses of the colliection in broad subject areas; and
(4) To provide access by browsing the collection.

Indexing. Indexing will be done on both a subject and data basis.
Data indexing will be distinguished from subject indexing by an-asterisk placed

to the right of a subject term identifying data actually present in the docu-
ment.

Every effort will be made to select terms from the NASA Thesaurus.
This will avoid duplication of similar subjects with different terms. New terms,
not in the Thesaurus, will be placed in an ancillary card file.

Non-Professional Staff Functions

Duplicate Checking. To avoid duplicaticn of documents in the Tibrary
a card file will be developed consisting of one card for each document entering
the system containing jts exact title and accession number. Each document
selected for entrance into the 1ibrary should be checked against this file
before processing to determine if it is a duplicate.
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Accessioning. Each document will receive a unique accession number
which shall be stamped in the Tower lefthand corner along the ieft edge of the
title page. Documents comprised of several separate parts, such as series or
volume, should be assigned consecutive numbers to keep them together through-
out processing. Al1 documents will be recorded in an accession log.

Cataloging., Cataloging is the procedure for entering all applicable
data, except for classification and index terms, on the document processing
card. Thus, in this system the cataloger would fill in the entire front side
of the card (Attachments B and C). This includes the following information.

Accession Number
PubTication Date
Issue

Author

Title

Agency

Report Number
Contract Number
Pagination

Shelving Documents. The completed documents will be placed in Prince-
ton Files stored on the shelves in alpha-numeric order. That is, all documents
in a class are placed together, and then arranged by accession number. The ‘
range of numbers in these files will be marked on the outside of the file
as a guide to the document location. The shelves themseives will be labeled
for classification.

Posting. Accession numbers are posted onto terminal digit index cards
(Attachment D). Each card will represent one fndex term and ten numbered
columns for posting. The last digit of an accession number will determine
which column it should be posted in.. Documents containing data will have an
asterisk placed to the right of their accession numbers on the index cards.

Accession numbers will also be posted on a separate document under
their classification categories. This will enable the searcher to locate
documents by converting accession numbers to classification categories.
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INFORMATION RETRIEVAL

Retrieval of specific subject matter or data may be accomplished by
converting the subject into index terms through the NASA Thesaurus and then
searching the index for these terms. The terminal digit index cards (Attach-
ment D) contain ten numbered columns in which document accession numbers are
Tisted with the last digit of the accession number cérresponding to the column
number. This method of grouping accession numbers enables the user to make
Boolean searches. Boolean capabilities are necessary when searching for
subject matter involving more than one concept and which may not have one term
encompassing the combined concepts in the index. For example, when searching
for material on technology transfers in medicine the user would search the
index for the two terms: technology transfer and medicine. The columns of the
two index cards can be easily compared to determine if there are corresponding
accession numbers on both cards.

AVIATION DATA BASE

Data searches can be accomplished by searching either the data tindex
for documents or the data base index for on-line-data. Also data in documents
may be processed into the data base if the frequency of data usage or the
products sophistication justifies mechanization. Machine processing is cleariy
superior to manual processing when certain analyses, i.e., regression, are

" required. A procedural guide for using the Aviation Data Base and examples
of the utility of the data base to OAST were provided in a previous memorandum '
{Aviation Data Base Development and Application-Progress Report, May 26, 1976).

LIBRARY FACILITY

The 1ibrary facility will consist of seven or eight thirty-six by
ten inch shelving units. The units may be arranged in one of the following
alternative manners:

[ Lengthwise against. the wall in the hallway

o: lengthwise along a side wall and a backwall in one
office
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o Back to back perpendicular to the back wails in two
offices with no more than four units in each office.

Each potential alternative is illustrated in Attachment E.
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I

l ACCESSION NUMBER

RX AERONAUTICS DOCUMENT PROCESSING CARD

5.

g. Economic Data & Information Surveys®
b. Benefit-Cost Analysis

C.. Market Demand

GTHER AERONAUTICS

PUB. DATE ISSUE
]
l AUTHOR
l TITLE
l AGENCY CONTRACT NUMBER REPORT NUMBER PAGINATIGN
11&
l CLASSIFICATION
1. TECHNOLOGY SURVEILLANCE AND TERMS 3.. GOVERNMENT ROLE AND POLICY
8. Foreisn Techngslogys a. Decision Making Processes
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INTRODUCTION AND SUMMARY

INTRODUCTION

This. report covers worldwide shipments (excluding USSR and Peoples
- RepubTic of China) of civilian aircraft and aircraft engines. The data are
separately grouped by: 1) commercial transports, 2) general aviation air-
craft, both fixed-wing and helicopters, and 3) aircraft engines. Two ten
year periods are covered, 1966-1975 and 1976-1985. Al1 dollars are stated
in' 1975 constant dollars.

A1l data was obtained from documented authoritative sources which
are cited on the attached charts and are available for examination. 1In
addition, information was obtained from varicus persons in industry, aircraft
associations, and government agencies. Actual reported data was used for
1966-1974 together with reported estimates for 1975 to develop the data used
for the 1966-1975 time period.

SUMMARY

As shown in Figure S-1 and Table $-1, the total worldwide shipments
during the period 1966-1975 were $68.0 billion of which the U.S. share of the
market. was $60.6 billion (89 percent). The projections for the worldwide
market for 1976-1985 range from a Tow of $73.1 billion to a high of $87.8
biltion. The U.S. share of the market for the 1976-1985 period ranges from
a Tow of $53.6 bjllion to a high of $79.2 billion.

Table- 1 shows that commercial transport shipments in the 1966-1975
period were $45.3 billion worldwide of which the U.S. share of the market
was $40.3 billion (89 percent).

Tables 2. and 3 show that the projections for the worldwide market for
1976-1985 range from a low of $47.8 billion by AECMA to a high of $54.4 bil-
Tion by AIRA. For the U.S. share of the worldwide market, the projections



range from a Tow of $31.0 billion by Boeing to a high of $49.5 billion by AIAA.
On the low side this would reduce the U.S. share of the civil transport market
from 89 percent in 1966-1975 to 64.9 percent and on the high side increase the
U.S. share to 91 percent. .

Projections of worldwide shipments of commercial transports for the
1976-1985 time. period used in this report were made by the Boeing Commerical
Airplane Company, The Aerospace Industries Association of America (AIAA),
Douglas Aircraft Company. the Commission of the European Communities (EEC) and
the Association Europeenne de Constructeurs de Materiel Aerospatial (AECMA).

Data on general aviation and aircraft engines are shown in Tables
4-9. Tables 4-5 cover civil general aviation fixed-wing aircraft and Tables
6-7 cover commercial helicopters. Data on shipments of new aircraft engines
are provided in Tables 8 and 9.

The principal sources of data for Tables 4-9 are: Federal Aviation
Administration, Department of Commerce, Aerospace Industries Association of

?merica, General Aviation Manufacturers Association, and Aviation Data Systems,
ne.. )
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TABLE S-1
COMMERCIAL AIRCRAFT SHIPMENTS
U.S. AND WORLDWIDE

(1975 Constant Dollars in Billions)

o 1966-75 1976-85
Low High
AIRCRAFT U.S.  World U3 World 05, World

TRANSPORTS - 40.3  45.3 31.0 47.8 | 49.5 54.4
General Aviation

Fixed Wing 7.5 8.3 10,1 11.1 14.4  15.9

Helicopters 1.3 1.6 2.7 3.3 3.7 4.6
AIRCRAFT ENGINES 11.5  12.8 9.8  10.9 11,6 12.9
TOTAL SHIPMENTS 60.6  68.0 53.6  73.1 79.2  87.8




TABLE 1
1'COMMERCIAL TRANSPORT AIRCRAFT

Shipments by U.S. Manufacturers

.1966 - 1975 .
Dollar Value
Yeidrs Units (Billions)l/
1966 322 2.6
1967 500 3.9
1968 702 5.7
1969 509 4.3
1970 311 4.4
1971 230 3.4
1972 230 3.3
1973 - 295 4.4
1974 332 4.3
1975 310 3.7
TOTALS .
u.s. 3741 40.3
REST OF WORLD 639 5.0
WORLD MARKET 43802/ 45.3%/

1/1975 Constant Dollars. Total doeé not. add due to rounding.

g-/U.S. Share of the World Market (Excluding USSR and Peoplas Republic of China)
is 85.4% for units and 88.9% for dollars. Based on the Challenge of Foreign
Competition, Nov. 1975, AIAA.

SOURCES 1966 - 1973 - FAA Statistical Handbook of Aviation
Calendar Year 1974,. FAA.
1974 -- Rerospace Facts & Figures, 1975/76, AIRA
1975 - -Estimated, U.S. Industrial Qutlook 1976, DCC



TABLE 2
- COMMERICAL TRANSPORT AIRCRAFT

Estimated World-wide Shipments

1976 - 1985
poueLASY BOEINGZ/
L Units™ Dollar Va1§e DdTTEFTVé]ug/
Vears. _ (Billions)3/ (Billions )3
1976 198 2.7 4.0
1977 203 3.0 3.4
1978 225 3.6 3.4
1979 287 4.8 3.5
1980 354 6.5 3.9°
1981 391 7.6 5.9
1982 341 6.7 6.3
1983 299 6.0 7.3
1984 303 6.2 7.4
1985 280 5.9 6.9
TOTAL WORLD 2881 52.9&/ 52.0

l-/Dougﬂas Aircraft Company Report - C1-804-3672A, The Passenger Air Transport
Market, 1975 - 1990, June. 1975.

g-/Pv'esc-.\ni:ation by Boeing Commercial Airplane Company. Future of Aviation,
National Transportation System, to the Subcommittee on Aviation and Trans-
portation R&D, May 11, 1976. Data compiled from graph and are estimates
only,

§-/1975'COnstant'dol]ars.
5/Does not add due to rounding.



TABLE 3 ;
 COMMERCIAL TRANSPORT AIRCRAFT

Shipments 1976 - 1985
(1975 Constant Dollars in Billions)

WORLD MARKET " U.S. SHARE
T CHIGH LOW
$ % $ %

AECMAL 47.8 . 417 - 87.2 38.5 80.6
ATARZ/ 54.4 49.5 91.0 46.2 85.0
BOEINGS! 52.0 47.2 90.8 31.0 59.6
pouGLASY 52.9

eec/ 53.4 46.4 86.9 37.2 69.5

leommission of the European Communities, Action Programme for the Aeronautical
Sector, Brussels, Oct. 1975

g-/The Challenge of Foreign Competition, Research Report, November 1975, AIAA

§-/P'r'esen*tation by Boeing Commercial Airplane Company, Future of Aviation,
National Transportation System, for the Subcommittee on Aviation and Trans-
portation R&D, May 11, 1976. Data compiled from graph and are estimates
only.

i/Doug'i'as: Aircraft Company Report - C1-804-3672A, The Passenger Air Transport
Market, 1975 - 1990, June 1975.

§/Commission of the European Communities, op. cit.



TABLE 4
CIVIL GENERAL AVIATION FIXED-WING AIRCRAFT

Shipments by U.S. Manufacturers

1966 - 1975

Dollar Value

Year Units (Mit1ions)Ll/
1966 15,768 732.3
1967 13,577 575.0
1968 13,698 651.2
1969 12,591 930.7
1970 7,402 503.6
1971 7,464 412.0
1972 9,774 704.2
1973 13,646 988.0
1974 14,166 988.5
1975 14,072 1032.0

Dollar Value
TOTALS Units (Millions)
u.s. 122,429 7517.5
REST OF WORLDZ 12,553 770.8
WORLD MARKET 134,982 8288. 3

1/1975 constant dollars

g/Aviation Data Systems, Inc. report on non-U.S. manufactured shows aircraft
shipments to be 9.3 percent of world-wide total for 1967-69.

SOURCE®

1966 - 75-Stimpson, Edward W. and J. R. Merinar, General
Aviation Manufacturers Association before- the Aerospace
Analysts Society, New York City, February 6, 1976.



o
v

TABLE 5

CIVIL GENERAL AVIATION FIXED-WING AIRCRAFT
Estimated Shipments by U.S. Manufacturers

1976 - 1985
NUMBER OF AIRCRAFT

Year At/ Fan/
1976 14, 916. 13,059
1977 15,810 12,948
1978 16,760 13,067
1979 17,765 13,815
1980 18,831 14,301
1981 19,961 14,638
1982 21,159 13,860
1983 22,428 . 13,860
1984 23,774 13,860
1985 25,200 13,860
. Dollar Vaiuegf Dollar Va]ue§/
TOTALS Units. (Billions) Units "(Billions)
u.s. 196,604 14.4 137,246 10.1
REST OF
WORLDA/ = 20,159 1.5 14,073 1.0
WORLD '
MARKET ' 216,763 15.9 151,319 11.1

l-/Si-.i:mf}son, Op. Cit. p. 4, projects Iohg-term compounded annual growth at

. 6 percent per year-

2/ pviation Forecasts, Fiscal Years 1976-1987, FAA, September 1975.

g-/1975 Constant DoiTars..

i"-’[Assumes U.S. retains 90.7 percent of world market.



TABLE 6
COMMERCIAL HELICOPTERS

Shipments by U.S. Manufacturers

1966 - 1975
_Averagel/
‘ _ Unit Costs~ Dollar Valye
Year Units ($000) {Millions)=
1966 . 583 112.9 65.8
1967 454 _ 151.5 . 68.8
1968. 528 165.2 87.2
1969 510 214.3 109.3
1970 495 137.0. 67.8
1971 453 200.4 90.8
1972 575 197.9 113.8
1973. 770 187.5 144.4
1974 828 248.1 205.4
1975/ 1100 300.0 330.0
TOTALS
u.s. 6296 1283.3
REST OF WORLD 1515%. 308.9
WORLD MARKET 7811 1592.2

;!1975 Constant doTiars.
g-/For-ecasi: ~ Bureau of Domestic Commerce, DOC.

ngmS. has 80.6 percent of world market, Commission of The European Communities,
ap. cit. Excludes USSR and Peoples Republic of China.

SOURCES: 1966-67-Aerospace Facts and Figures, Aerospace Industries
Association of America, Inc.
1968-75 - Industrial Outiook, Depariment of Commerce.

100



. TABLE 7
COMMERCIAL HELICOPTERS
Estimated Shipments -by U.S. Manufacturers

y/. 1976 - 1985
FAA= . ALTERNATIVE
Dollar Valge Dollar Valg7
Year Units (Mi1Tlions )2/ Units {Millions )&
1976 828 257 11200 372
1977 821 258
1978 836 259
1979 841 261
1980 850 ) 264
1981 864 268
1982 870 270
1983 880 273
1984 890 276
1985 900 279
TOTALS
u.s. 8,580 2.660% 12,000/ 3,720
 REST OF '
WORLDE/ 2,065 640 2,888 - 895
WORLD MAR-
KET 10,645 3,300 14,888 4,615

Y1976 - 1982, Aviation Forecasts Fiscal Years 1976-1987, FAA, Sept. 1975,
p. 39. (1983-85 FAA projections extended at average 1.1% growth rate.)

g/Unit.cost assumed as $310,000, Bureau of Domestic Commerce, 1976 projection.
(1975 constant dollars].

2y.s. Industrial Outlook 1976, DOC.

E/Does not add due to rounding.

§/Assumes no growth after 1976.

Q/Assumes U.S. retains 80.6 percent of world market excludes USSR and Reoples
Republic of China.

. ———— e -
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- TABLE 8
COMMERCIAL. AIRCRAFT ENGINES

- Shipments 1966 - 1975
(1975 Constant Dollars in Millions)

Year Dollar Value
1966 2,000.8
1967 1,739.1
1968 1,282.6
1969 978.5
1970 937.7
1971 © 766.4 -
1972 770.2
1973 1,011.2
1974 1,050.4
1975. 975.9
TOTALS.
U.s. . 11,512.8
REST OF WORLDY 1,279.2
WORLD MARKET 12,792.0

l-/Assume‘s U.S. production is 90 percent of world market. The Challenge of
Foreign Competition, AIAA, November: 1975, p.12 shows U.S. manufactured
engines in the worldwide inventory of commercial jet transports as of June
1374 to be 86.7 percent of total excluding USSR and Peoplas Republic of
China.

U.S. manufactures about 90 percent. of all general aviation aircraft, see
TabTe 4.

SOURCES: 1965 - Estimated. from Aerospace Facts and.
Figures, 1974/75.
1966-75 - U.S.. Industrial OQutlook. 1974, 1975, 1976,
poc.

12



TABLE 9
COMMERCIAL AIRCRAFT ENGINES

Estimated Shipments 1976 - 1985
(1975 Constant Dollars in Millions)

Year- Dollar Value
1976 1,005
1977 1,095
1978 1,148
1979 1,146
1980 1,191
1981 1,211
1982 1,217
1983 1,211
1984 1,211
1985 1,211
TOTALS

u.s. 11,640

REST OF WORLDY 1,203

WORLD MARKETZ 12,933

;/Assumes U.S. retains 90.0 percent of world market excluding USSR and Peoples
Republic of China.

g—/The Challenge of Foreign Competition, Research Report, Nov. 1975, AIAA
estimates a $10.9 billion (1975 dollars) new engine requirement worldwide
in the next decade.

SQURCES: 1976 - U.S. Industrial Outlook, 1976, DOC

1977-82 -- Aviation Forecasts Fiscal Years
1976-1987, FAA. Change in year to year
unit production was applied to 1976
estimated dollar value of shipments.

No growth was assumed for 1982-85.

13



COMMERCIAL AIRCRAFT
U.S. AND WORLDWIDE SHIPMENTS
BY AIRCRAFT TYPES
1975 - 1985

Prepared by:
Operations Research, Inc.
Revised July 8, 1976



Tables

Figures
1

LIST OF ILLUSTRATIONS

WORLDWIDE CIVIL TRANSPORT MARKET, ESTIMATED WORLDWIDE

SHIPMENTS, U.S. HIGH, LOW AND CONTESTED MARKET, -

1976-1985 . . . . L . e e e e e e e e e e e e e e e e e

WORLDWIDE CIVIL TRANSPORT MARKET, ESTIMATED WORLDWIDE
SHIPMENTS, BY TYPE, 1876-1985 . . . . . . . . . . . . . ..

WORLDWIDE CIVIL TRANSPORT MARKET, ESTIMATED WORLDWIDE SHIP-
MENTS, LONG RANGE AIRCRAFT, 1976-1985 . . . .. . . . . . .

WORLDWIDE CIVIL TRANSPORT MARKET, ESTIMATED WORLDWIDE
SHIPMENTS, SHORT/MEDIUM RANGE AIRCRAFT, 1976-1985 . . . . .

WORLDWIDE CIYIL TRANSPORT MARKET, ESTIMATED WORLDWIDE
SHIPMENTS, STOL/FEEDER JETS, 1876-1985 . . .. . . . . . .

WORLDWIDE CIVIL TRANSPORT MARKET, ESTIMATED WORLDWIDE
SHIPMENTS, SST, 1976-1985 . . . . . . + . « ¢« o« « v ..

Worldwide Civil Transport Market, Estimated Worldwide
Shipments, U.S. High, Low and Contested Market,
1976-1985 . . . . . i s e e e e e e e e e e e e e e e e

Worldwide Civil Transport Market Estimated Worldwide
Shipments, by Type and Market.,. 1976 1985 . .. . . .. w .

10



INTRCDUCTION AND SUMMARY

INTRODUCTION

This report covers estimated worldwide shipments (excluding USSR
and. Peoples Republic of China) of civilian fransport aircraft for the period
1976-1985. Two separate reports, Boeing based on Mr. Steiner's presenta-
tion to the Subcommittee on Aviation, May 11, 1976 and Douglas, The Passenger
Air Transport Market, 1975-1990, June 1975 were used in developing the esti-
mates in this report. These data were supplemented by telephone information
provided on June 30, 1976 by Mr. John Granville, Boeing (Mr. Steiner's Office).
The reported data shows the 10 year aircraft deliveries and the contested
market by the following ajrcraft types: Long Range, Short/Medium Range, STOL/
Feeder Jets, and SST. “Theddata is displayed in 6 tables and 2 figures.

SUMMARY

As shown in Table 1 and Figure 1 the 10 year aircraft deliveries
are estimated by Boeing as 3096. Of these deliveries, U.S., on the Tow side,
is expected to produce 1545 aircraft if no new aircraft are introduced in this
10 year period. It further shows that U.S. may start Tosing a good share of
the world market starting in 1980. This possible Tost market is identified
as the "Contested Market" of 1136 aircraft. Also shown is an uncontested non-
U.S.. market of 415 aircraft.

Revised 7/8/76



Tables 2 through 6 and Figure 2 display the aircraft by type,
identify the market share, U.S. versus non-U.S. and show the contested
market. In summary, U.S. manufacturers havé anléﬁcohtesteﬁ market for the 612
Tong range aircraft estimated for delivery in the 10 year period, whereas the
European market is uncontested during the same period for STOL/Feeder Jet and
SST aircraft. The contested market of ‘1136 aiﬁcrafﬁ is all in the short/medium
range aircraft. T

The principal sources of data used in this report are: Boeing,
Future of Aviation, National Transportation System, Subcommittee on Aviation
and Transportatién R&D, A Manufacturers Viewpoint, May 11, 1976 (Steiner pre-
sentation), information provided by Mr. John Granville, Boeing {Mr. Steiner's
office) on June 30, 1976 and Douglas Aircraft Company, The Passenger Air Trans-
portation Market, 1975-1990, June 1975.

Revised 7/8/76



TABLE. 1
WORLDWIDE CIVIL TRANSPORT MARKET
ESTIMATED WORLDWIDE SHIPMENTS
U.S. HIGH, LOW AND CONTESTED MARKET

19761985
_ U.S. SHARE

YEAR WORLD HIGH LOW CONTESTED

1976 212 167 167 0o

1977 216 162 162 0

1978 237 196 196 0

1979 306 260 260 0

1980 382 342 157 7185

1981 422 382 133 249

1982 367 323 127 196

1983 324 288 113 175

1984 328 291 120 171

1985 _302 270 110 _l60

TOTAL 3096 2681 - 1545 1136

Revised 7/8/76



YEAR

1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

TOTAL

WORLDWIDE CIVIL TRANSPORT MARKET
ESTIMATED WORLDWIDE SHIPMENTS, BY TYPE

TOTAL

212
216
237
306
382
422
367
324
328

302

3096

TABLE 2

1976-1985

LONG

RANGE
43
50
66
85
70
72
66
52
59
49

612

SHORT/
MEDIUM STOL/
RANGE "FEEDER JET
146 18
134 24
152 16
197 24
294 18
332 18
280 21
259 13
255 14.
244 9
2293 175

16



TABLE 3
WORLDWIDE CIVIL TRANSPORT MARKET
ESTIMATED WORLDWIDE SHIPMENTS
LONG RANGE AIRCRAFT

1976-1985
U.S. SHARE
YEAR WORLD. HIGH LOW CONTESTED
1976 43 43 43 0
1977 50 50 50 0
1878 66 66 . 66 0
1979 85 85 85 0
1380 70 70 70 0
1981 72 72 72 0
1982 66 66 66 0
1983 52 52 52 0
1984 59 59 59 0
1985 49 49 49 0
TOTAL 612 612 612 0



YEAR

1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

TOTAL

WORLDWIDE CIVIL TRANSPORT MARKET
ESTIMATED WORLDWIDE SHIPMENTS

TABLE 4

SHORT/MEDIUM RANGE AIRCRAFT

WORLD

146
134
152
197
294
332
280
259
255
244

2293

1976-1985

U.S. SHARE

HIGH LOW CONTESTED
125 125 0
112 112 0
130 130 0
175 175 0
272 87 185
310 61 249
259 63 196
236 6T 175
232 61 171

221 61 160

2072 936 1136

Revised 7/8/76



TABLE 5
WORLDWIDE CIVIL TRANSPORT MARKET
ESTIMATED WORLDWIDE SHIPMENTS
STOL/FEEDER JETS

1976-1985
U.S. SHARE

YEAR WORLD HIGH LOW CONTESTED
1976 18 0 0 0
1977 24 0 0 0
1978 16 0 0 0
1979 24. 0 0 0
1980 18 0 0 0
1981 18 0 0 0
1982 21 0 0 0
1983 13 0 0 0
1984 14 0 0 0
1985 _9 0 0 0
TOTAL. 175 0 0 0



YEAR

1976
1977
1978
1979
1980
1981
1982
1983
1984
1985,

TOTAL

TABLE 6
WORLDWIDE CIVIL TRANSPORT MARKET
ESTIMATED WORLDWIDE. SHIPMENTS

SST
1976-1985
‘ U.S. SHARE
WORLD HIGH LOW
5 0
8 0
3 0 0
16 0 0

CONTESTED
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