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FOREWORD

The analytic model presented 1n this paper was created
by Dr. Paul McCoy. When Dr. McCoy left employment with IDA,
I assumed responsibility for maintaining the IDA study effort
in industrial mobilization. Miss Eileen Doherty (PAD editor)

and I have edited this paper for publication.

The substance of the paper 1is unchanged from Dr. McCoy's
preliminary draft; however, certain material was excluded
and the appendices transferred to a second volume for easiler

handling by the reader.
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PREFACE

This paper was prepared by the Institute for Defense
Analyses (IDA) for the Office of the Under Secretary of Defense
Research and Engineering/Acquisition Policy (QUSDRE/AP) under
Contract MDA 903 79 C 0202, Task Order No. T-190, dated
April 1981.

The purpose of the study was to present an economic model
for assessing the industrial requirements generated by increased
production for defense during a mobilization or due to a surge
in requirements durilng peacetime. The IMPMCD model's procedure
combines an input-output analyses of the direct and indirect
requirements associated with defense production with informa-
tion on processing times in each industry. By so doing, one
can determine the magnitude of production surges and the timing
of peak activity in each 1industrial sector. The model simu-
lates Increases of 50 to 200 percent 1in the level of overall
defense spending. Two sorts of bottlenecks are identified--
the first involving industries where peak requirements exceed
capaclity, and the second, where cumulative processing times
exceed the preparation period envisioned in the scenario.

This publication is 1issued in fulfillment of the contract.
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INDUSTRIAL MOBILIZATION PLANNING MODEL (IMPMOD)
GENERAL DESCRIPTION

A. OVERVIEW

The Industrlal Mobilization Planning Model (IMPMOD) is a
computer model designed to estimate industrial production
requirements needed to support a major military force expan-
sion. Defense end item requirements include not only the
demands of major weapon systems but also the host of other
items required by DoD in a mobllizatlon, as well as essential
civilian requirements. Sub-tler requirements are estimated
using an input-output model. Requlrements for all commodities
are time-phased so as to determine where capaclty expansion
might be needed first.

The model uses the defense expenditure pvatterns developed
by Dr. David Blond of PA&E which translate defense expendi-
tures into purchases of industrial commoditilies as well as
the clvilian purchase patterns developed by the Department
of Commerce. Commerce's 496 sector input-output model 1is
used to calculate total direct and indirect requirements
which are also time-phased to take into account each commodity's
processing time. The result 1s a plot of time-phased require-
ments for each four-digit SIC code commodity matched against
estimated capacity.

The intent of the model 1s to identify those industrial
commodities whose production capacity would most constrain a
major force expansion, to identify which commodities would
be required first, and to assess the impact of reductions in
productlion lead times.

T e e ——— - ———




The model is written in FORTRA!l anid is currently teing
run on a CDC €400 computer with a Cal Comr plotter. The model
consists of the five separate programs listed in Table A-1
in turn, use the four disk files listed in
Table A-2. Figure A-1 depicts the general data flow between

which create and,

the programs. The model
to the large data files,

memory of our computer.

more detail below.

was segmented into five programs due
and the limited core
Each program will be described in

long run times,

Table A-1. MAJOR PROGRAMS IN IMPMOD
Average Run Core Memory
Program Time Requirements
1. IMPMOD] 15 minutes 21,500 words
2. IMPMOD?2 40 minutes 28,800 words
3. IMPMOD3 20 minutes 30,100 words
4. IMPMOD4 4 hours 28,100 words
5. IMPMOD5 20 minutes 34,800 words
Table A-2. PRIMARY DISK FILES IN IMPMOD
. . Number of Total Number
Disk File Records of Words
1. TAPE] 520 30,000
2. TAPE2 550 30,848
3. TAPE3 1,200 91,200
4. TAPE4 550 47,168
A=2
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B. PROGRAM IMPMOD1--AGGREGATE/DISAGGREGATE THE COEFFICIENT

MATRIX

The program IMPMOD1l reads the commodity-to-commodity
input-output table off a data tape supplied by the Cepartment
of Commerce. Table A-3 1s a listing of the commodities in the
table less those listed in Table A-4. The table contains 485
commodities with 56,046 nonzero entries. The first task
performed by IMPMOD1 is to convert the row and column pointers
from ID numbers, which are decimal numbers, to integers so
that the input-output matrix can be easily manipulated by
the programs that follow. The second task is to aggregate
and/or disaggregate the input-output matrix. Many commodities,
like consumer-oriented products, are of less significance in
supporting a force expansion. For these commodities the
program may be used to aggregate from the four-digit SIC code
level to the two-digit level. For other commodities vital to
a defense expansion, the four-digit level may be too aggre-
gated. In these cases. one or more commodities may be dis-
aggregated into several more detalled commodities. As such,
estimates of 1972 inter-commodity dollar flows must be input
for each commodity that 1s more detalled than the four-
digit level. The final task performed by IMPMOD1l is to create
Disk File TAPE4 which contains the new input-output table in
a form usable by the programs that follow.

Figure A-2 shows the inputs and outputs of IMPMOD1l. Below
is a description of the aggregation process. Let A be the
input-output matrix before aggregation and A” the matrix
after aggregation. Suppose that 1t is desired to aggregate
all commoditles between il and 12 into commodity i:




o > T P e,

\ /

2
a‘,. = Z. a . for all commodities j (new row), and

("2 T2
a“ . =l ] a; *W )// LW for all commodities j
W 271, R mei, M (new column),

where wm is the total shipments in 1972 of commodity m

A-5
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Table A-3., INDUSTRY CLASSIFICATION OF THE 1972
INPUT-QUTPUT TABLES!

Industry Classification of the 1972 Input-Output Tables'

The titles in bold face represent the groupings of industries used for -he summary version o the 1972 rables.

Reiated Census- Relsted Census-
fedustry mumber and title SIC codes (1372 {ndustry number and title 31C coaes 1972
ition, eqition.

AGRICULTURE, PORESTRY. AND FISHERIES

pt. 1517

Livestock snd livestock preducis

1
1.0100 Dawry (arm products. . ... 0241, pe. 0\91 pu New office mmdmn

i
110208 New warenouses.

1.0200 Pouitry and eggS. .....ccvenniviiniaaiion - e 025 -excl. 025‘ lnd Pt 110206 New earages and setsice mmm ..
o..m pt. NIvl. pt. stares o Tesladed:
2219, pt. v relgious N h'-(s .
1.0301 MeSLAMIMAS. ... .ooeiiii 021 -exci. pt 0'119) educational huld
3 pt 0191, pf hospital and ;. st.(uuonsl buxldlnu
. 0201 atner monfarm huidin
1.0302 Miscellaneous livestock.... .. . .............. FRSURN RN .'7. pt OIR pr. 0219 telepnane sug unnnpn Tactisties
ot 0283 pt. 029 v railroads.
2 Other agricultural products slectric auility 'w .un
20100 Cotton.......... J Lot pro . v 38 SELILY 1
r)"ll Pt (7’5'7 p( DALIEUM i 4.

2020t Food @rasns ... . . oo el

el Wwates UpR.s Laciities
[ 13RS -4 om pl 4

AT AL
a3
Fesa grans.. e e e oo | BT pr. 3. pe

0191, pt. 02y, pe
9,

0259, pt. O h peltmeurx .\x‘d Jataran 7as well aruLn(
pt. 0139. pt. 0191, pt.  11.0304 New petroieum. naturai gas. and soiid munersi exp.orstion.
023. ot 029,

5t n
11.0505 New muitary faciitlies. ...

0132 ot 0191, pt.
0219, pt. 0289,

i LACLies
ey ‘or soud munersl deveoprment.

12 and repair co

ew access stru

kS
1213, pt

. M and repair. e e e o —lpt S pr 1T
2.0402 Tree nuts REn J 9:. 0179. pt. 12 Maintenance and re o1 ather non{arm butld . FIERE AT by
0191, pt. 0214 pt. 12,0202 Matntenance and re { {arm residentisl busidung
17249, pt. 0291 127203 Maintenance and repair of farm service faciiities.
20501 Vegetsoles. ... PN 0134 0161, pt 19, 12004 M and repait of taep and te1edraph ‘acittes.
ot 01, pt. Q1L 12.0Mm8 Mawntenance and zepaur of radrosds - .
pt 0219, pt. 0289, 12 0208 and repair of slectric un. lities
Maintenas ] .
H 20800 SUCBI CTODS. ... . .. ocieeies eiiiiiiianns e OI:L! ot, 0l9l :(
| a9, pe. 0259 pe
nn
20803 Misceilaneous (rops. .o L L) pe Oy, pro gl ,u.

N9L. D( O‘U
0250, pi

20000 O beanng crops. . ..ol e e 0118, pe. OIN pt mn3,
. x 0133, al o'l

&
20701 Forest products.

reomir Af Mighw '\\
Marntenanee And repait o pets i
............................................... nt Oll. pt Olﬂl 9!- 120216 Maintenance and repsir of other nonouudml (wlu.u .

0219, pi 9, pt.
7291 MANUFACTURING

20702 Greenhouse snd nursery producls. .. ... ............... ... pt. 018, pt. DIGL. DI
0219, pt. 0289

13 Ovdnance snd aete-ul-
on u moo Campleu lulded missiles. .
. m«y Nutu

[T I 111
Porestry »: b d
39000 Forestry md fshery procuets, ... . . ... .. ..| o814 001, 097 s
4 Agricohwral, forentry. and fishery services 3 0600 =man: o N 1]
40000 Agricuitusal, forestry. 3nd ~sn-ry services. ... ... oe.si.’o;puu 0T 130700 Other g,dn.m. and Mc.mm, U e
14 Food snd kindred mdu:u
VINING 140101 Mest packing piants.. ; .
14 0102 Sausages and other ,;r"\lr-'x meatly
3 Iram snd ferroailoy ores mining 14 0103 Poultry Arsesing mants
14 0104 Pouitry and ~zg processing
30000 [ron and ferromloy ofes minung. ... .. . ... .. 101, 108 14 0200 Cresmeev Huttar
14 0300 Cheese, naturdl and drocessey
8 Newlorrous metal ores mining 14 0400 Condensed 3nd evporated nulk
10500 Ic cream and frozen Jesserts.
4.0100 CODDRT OTE MIMIBK. . ... ooo e . e 14 0800 Fluid mik. ..
400 Sonterrous metas ores MININg. except copper . ..| 1035, pt. 108, (0 14 0700 Canned snd cured ses {oods
14 0800 Canned specinities... ..
T c-l nu 14.0000 Canned fruits and vrl!llblu
*.0000 Cosl muning. .. ....... - e .~ 1ML Pt IN2321L. 141000 Dehydrated fo0d product
pt. 1113 14.1100 Pickles, sauces. and qlm 41rrmrn
% Crude petrelenm snd naturul (oe Fresn or iroren pacxaged
Frozen {ruits and \-uumu
40000 Crude petroleum and naturslgas .. ... .. . L 11132 pt. 138 Flour and other grain miil products
Cereal prepacations..
9 Stene and clay mising and euarrying Blended 301 prepared flour. {
Dog, cat. .md ather pet lood
10000 Stone and cisy miung end tuserying.. . . L] 141-5. pt. 148, 149 Prepared freds. nec.
Rice l"h'll'\l con
18 Chemical and fartilizer minersi mining Wet co g
Bresd. .. . and reiated produc(s .
100M0 Chemicsl and feruiizer minees: fuming. . " Cookies and srackers L.
. § sugar
CONSTRUCTION Conlectionery products
- i New corstruction

Chocotate snd cocos 91
Chewing gum .

Maut iiquors

At .
Wines. hrandy. and heandy spuests .
[21stilled ilquor »wept brands
Bottied and canned st drinks. .
Fiavnring evtracts and urum nec
14,2400 Cottonseed ovl mills
See footnote at end 14, uoo Soybesn oul mil

(101 New revidentini ! an;

100 New regident

- TLed New rearde
DM New v, v
S0IY New rrndenlm mdmom and

ructures. tonfarm
it itrue mrn wetaem
eaide 1 100

x4

teratons. nonfarm

{Continueaq)
Source: The Detailed Input-Output Structure of the U.S.
Economy: 1972, Volumes I and II, U.S. Department of
Commerce, 1979.
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Table A-3. (Continued)

Industry Classification of the 1972 Input-Output Tables'—Continued

Related C | Ralat - S8
Industry number and titie 3IC codu lv?‘.' ' Industry number snd title sIc t.:dfn 972
edition) adition}

—

14.2800 Vegetable ol milis. n

ec 2 Prinuag and publishi
u .'m Animal md marine ‘sts sad oils. by » e

1o 20.0100 Newsospers. .
2300 Rossted coffes. ... ..... - 2008 26 0200 Perodicals.
u.m Shwmuu md cooking oils. . A 2059 26.0301 Book publishing
14.3000 Manufactured ic o 207 280302 Boox pnaung. .
14.3100 Macsronl snd speg! 2008 26.0400 Miscellaneous publishing...
14.3200 Food preparstions. n ¢.¢. 2000 2: 0501 (':o:lmemll prlx.nnn & d 231-2, 2T
28.0502 Lithographic platemaking and services.
4 15 Tebacts manufactures 26.0801 Manifold business forms .. ...
F 13.0101 Cigurettes 2 28.0602 Blankhooks snd looseies! binders
15.0102 Cigars. A2 28.0700 Greeting card publistuny..
13 0103 Chcvm( and smoking tobacco. ns 26 0801 Engraving and plate printing.
15.0200 Tobaceo stemmung snd redryin 14 % %mlbmdm‘ and reiated work Fet ]
. ypesetling Fotl}
18 0100 B M.-‘ fabrie 'mll:’:::mn A ummnls“h mw E{moen(nv 15
i jwoven ¢ fin P &
xs 0200 Narrow fabnc mills. ‘ retracyping ™
50300 Yarn mills and Anisning o 27 Chemicals and selected chemical mum
m 400 Thresd mulls ST 0100 [ndustrial inorgsnic 3nd organic chemicals.. ceieesaeel] 381 exel 3198),
2565, 2560

\y 270201 Nitroaenous and phosphatic fartilizers
27 0202 Fertilizers, minagonly.......
F0M0 Agricultursi chemicals. o e.c.
& o0t \:um 30d wood chamicals.
70402 A and sesiants
57 0403 Elpkosu-eg

Miscellaneoun textily goods and fBoor coveri
ovenn

171002 Textue goods, n.e.c. X
18 Apparel !

l; gl% Woman's homry €xCept socks. - g;

18.0102 Homery, 2. .

18.0201 Knut ounr'nr rulls. o33 28.0400 Orgaauc Abers, nonceilulosic.

180202 Krut underwear miils, 2 Drwgs, cloaning and torlet preparations

:gw §mug\:mmh:u i 2.0100 Drugs.............. -1 23
it (abne mi ' 29 020t 30ep and other detergents. B
18 0400 Apparel made from purchased matensls. 29.0202 Polishes and sanitation goods. . g:g
Surface active agents -
19 Miscellansous fabricatad teiile products
l: o0 ﬁuﬂu“! ‘“: Arapenies. | ?& 0300 Torlet preparstions. AR
19 0200 Housefurnishings. nec. E Paints ud allled products
g 19.0001 Textile bags. . o4 29 0000
i }3% ﬂéanvn progum ; X a‘ 204 Punuuduuod produc
teating and stitehing 5 Petroleum refining and related industries
1Y W4 Automolive snd Bpperel trimmings 2%
170303 Schiflli machine embrowdertes, . 310100 P'm"':‘} redruog sad produess of | 21,209
190306 Fabricsted textile products, nec 31.0200 Paving mixiares snd bioc 2981
o0 % Lumber 4y c1s. excet containers - Asphait felts and costings- | 282
0100 Logging campe and logging contractors
Sswmiils snd paning miils, general. 22.0000 1-,,’:, .:;lb”b;’uuw'-.mlhnum Dissticn products . am
Hardwood dimensian and fiooring miils 26 : 32.0200 Rubber and plastics footwe .| 32
1l product sswmills. nec. 32,0301 Recistmed rubbe ,,,,,,, BRG]
! 32.0302 ber nmducu. n ec .| 308
32.0400 .vlu«llnnoous plastics pi -| 307
- | 32.0500 Rubber and piastics nnu :nd bemng -f 304

33 Lesther tanning and I-uhlu
33.0001 Lesther tannung and n1shing. .....oeviinniannnas PO m

3¢ Fostwear and ather lesther producia
i 312100 Footwear cut stock.
340201 Shoes, etcept rubber.

N 34.0202 Rouse siippers. 314

AL 2u9 gg}gl Leather tloves aid miitens ;:g

22 Howsebold l-nmun “I_lull! ...... ARt
220101 Wood household furniture . . £ m Pem::mﬂ:&d'?‘;;nd pum:. ) Nkt
.3 0102 Hmqu?{d furnsture, n e ¢ 34.0305 Lesther goods, n.ec.. 39

2020 Upholstered housenold furmture. i 35 Glass and glaas produets
‘ 35.0100 Glass and gisss products, except containers
35.0200 Glass cORMINErY. ..ottt

220400 Matiresses and bedsprings

2 Other farniture and Bsturse Stene pred

230100 Wood office (ueniturs TN 3-52\ omo Cement. hydg and clay e
23020 Metal otfice furniture. Bx ‘oo Brick and :truaunl cisy Uie
3 ram Puhuc huilding furmiture. 2581 0300 Ceramic wail and foor til
040 W partitions and fxturss 541 0400 Clay relractonies
230300 Metad partitions and fixtures . 2942 0500 Stmclumlclly products. n.
230500 Blinds, shades. sud dnwry hardware . . 3591 0600 Vitreous piumbing fixtures.
30700 Furntare snd fxtures. 1ec. I I - .| B 0701 V'itreous chine inod utensils

1

Puper and allied products. ezcept containers and b.:-

24 0100 Pulp mills.. . e
240200 Paper -mn: -weol bmldm: ptonrA

240300 Paperbosrd mulls. .
24 vaon tnvelo” .

28 0500 3snicary paper produtu
340002 Buslding paper and hoard muils
<4070t Paper costing and giszing. B .
2 Bags. except textiie. . | e
Disecut paper and Noard

Presged and mmdm puip .oo.u
3rationery produc .

40T Tonverted paper produ:u nec..

100 Concrete products. n.e.c
200 Re:dv-mued concrets

400 nvpsum products.

300 Cut scone and stone pi

400 Abrssive products

700 Ashestos products

800 Lraskets, puclml And .
Mire round or m-ud ........

HSSSHHSSKSKESSESBSKBS

n
38 2100 Nonclsy ro(mwne:

Paperboard containers snd bozes : o
23 0000 P-vuboud contauners and boxes....... e Y 3 200 Nonmatailic minersl product e.c.
B 31 Pr lmnl-ndl weel mnlmuﬂnl 2
5 37 0101 Blast furnaces and steel mills..
308 (cotnotes at end 37.0102 Electrometsilurgical products..

(Continued)




Table A-3. (Continued)

Industry Classification of the 1972 Input-Output Tables'—Continued

Rclllm Census:

Reiated Census-

fndustry rumber and 12 {ndustry number and title 3IC rodes 1072
vehit,on
370103 Stee! wire angd ms.atedl produelt Lo oL Ll 13 30 M Y. excepl el
370104 Caid faushing »f steeu w.\p\m 5) 0001 ¢”3rburetors, pistans. rings. vaives . %2
1 300002 Machinery, except electnesl. e, .. . ... ... ..o 3599

$1 Oflice, and i
Eleczmmc=omounncequwmem..., e

ng. 510101 .
Primary meral proaucts. n.e ¢. 310102 . .
310200 Typew mers Ceeee e s
38 Primary unl«rcn metals mllm(nﬂunu 51,0300 Scales and baisaces -
}“‘;‘&P Prumary copper.... . 310470 Otfice machines. nec . .
3

Primary lead.

2L31S, 1 e e

Service indusry machines
Automatic merchandising o mmes

38 U0 Mmary notifermus 33 32,000 Commercial aundry equpren

406N Secnindary n.,,“,.,qm mets L. . . AH 52.0300 Refrigeration and heating eﬂuxomem. .

3N 07O CHpper reting Al L - 251 3273400 Measuring and dispensing pumps.

IR0 Alunuum £l 3353-8 32080 Service industey macfines nec..

Ny Nwniirrous i 354

S« 10 Noalerrous wies friw . 3387 51 Electric transmission and diunhunon aquipment and

48 LR Aluminum casting., i ustrinl a

B2 Besa hennge, an REN 3301 Instruments (o measura ﬂ't(‘(":‘-(\ 38

is L¥0 Nowiorpous casty rtor 23020 Transfonmers. i

I LRE Nanjerrous lonings .. AL A) swirehzesr and sw::chhc.\rd nparatys 813

“3.u44 \lotors and 73%0l B 3421

1% Meinl contarners 3 03 Lgustniat Controls . 2

S olo letat cans. . 34l 530600 Waiding Jpp.\nus clect

Ti9200 Metar oarreis. drums. and tans. M2 53.0°00 Carbon and grapn:te proe

# Hesung. plumbding, and flbﬂel“d
structural metal producte

Screw machine products and stampings
s,

0300 Wiring devices.

Electrical industnisl 3ppararus. see
Househo!d sppliances

Metal ssnitary wate . PP 540100 Household :ookmc equpment 3831
Plumbing Ssture fittinas and (am 54.000 Housanoid refrigerators and {reerery 3832
Hrating enuibment. sxcrol stectric 540300 Housenold .aundry euipment | 1533
Fanneated structural metat. 54.04W Electric Aousewares and funy. WU
Metal doors. sasn. and trim. .. . 340500 Flousenoid vacuum cleaners 3635
Fabricated plate work . bailer shops, 54.0600 31'1 Taschines. . 03
Siieet metal Work .. . .. 34.0700 H ngold sppilences. n'e. 8%
Architectiiral metar worl

Prefabricated metai buildings. 58

*lisceilaneous metai wark . 33.0100 Electnie lamps.. 3641

.0200 Lightine nuum and equipment 35458

Serew machine products 3nd hoits, ets, and washers.| 348
Automotive sTAMPINGS . .- B 34 Radio, TV. and communication equipment
Crowns snd closgres. . 36.0100 Radioand TV receiving sets
Metat stampings, nec. . 38.0200 ;hon oh r;eerds Andhllm Vs
34.0300 e"phone and telegraph apparatus .. P
Cutt 2 O‘lﬂvflb' ﬂ\" mew) M\lm 38.0400 Radioand TV comrumucation eqwpment. ... .
ery.... ...
Hand and eace too .. 51 Electromic componenis and sccesapries
Hand saws and saw nu ln . $7 0100 Electron tube«. . 2871-)
Hardware e 37 200 Semiconductors 3nd relsted desices 4
Plsung and poustune.. . 70300 Electronic components. e ... . 3673~
\etas coating nd duledt services .
Miscelisneous fabricatert wire products. . . 58 Y. snd suppiles
Steel sprmn eIgepL Wire 38.0100 3torage batteries. s - N .| 3801
Pipe. Falves, and mipe netings. 0200 Primary batteries. drv ang wet. . R . 2
2.3 Metal lml and leal . 530300 X-ray apparatus and tubes. ..
421100 Fadnesced metal products, SA.0400 Engine electrical equipment. .
5% 0400 Electnical squipment. e c...
41 Engines snd turbines
43.0100 Steam engines and turines - . 3331 33 Motor vehicles and equipment
41 139 Interant combustion eraines, ne'¢. ... 181y 570100 Truck and hus hottes, - En
$3 0200 Truck teaters. a8
4 Farm snd carden mul\lnny $7M0L Motor veh. ues . FO I 31
4 9Nl Farm machinery and wquipment., 83 50302 Motor vemicit (urts sud aceessoris. . | e
2002 Lawn and garden #»quipment. 3524
40 Areralland parts
5 Co and mimng 300100 A renaft, ...
A3 L) Construction MACKINEry Ind 2quipment 3831 A0 X0 ALreraft AN MOl SIEIes g ney
45 320 \iyng machinery. stcept nufient. 1832 B0 04 Aureralt and rrassle s uipme
43 U300 (hifleid machinery P . 3833
§1 Other transporistion -q-..nmu
" y and A1 0100 Ship butlding sne repaniog. .. .. »n
460100 Elevacors a0d moving starways. . 3K A1.0200 Boat bualdink and repaunng. .
46 2200 Conveyors and conveyving -qummem“ . 3838 41800 Ra:lrosd equipment
48,0300 Housts, cranes, and monorals. . . . 3838 1 0300 Motoreyceles, bicveles, and parts
46.0400 [ndustnisl trucks snd tructors .. 3837 41 0801 Travel traiers snd conpers. .
61.0602 Mobile hores. .. .
(14 y and #1.0700 Transportation equipment. nec, ...
\llcmm toots. metai cutting Hpﬂ. . 3841
-laenine 100is. metai formine types . iz 42 Pn I fe. snd
3 ties and tonis and machine (001 deceasories. A201N Engineening and scienti™c mstruments, Wil
Power driven hand tools A29200 Mechanicai measunng Jevices . . W4 I
Roliing mit macniners A2 0300 Auiomatie amperatire contrvs b ]
Metaiworking machinery. i1 ¢ ¢ S0 SUrdicas it medical instrumenty. Il
41 08M su AL APPLANCEY INA sUDDUes. M2
13 Special industry machinery snd m..mem A2 08N Dentai equIpment 1l sudpoes ol
#4010 Fooud products maceinery. 2381 A20700 \W atches, ciocks, and parts.... R R
4400 Trrriie machinery . 3882
440300 Wandworking machiners 3353 41 rend, snd
SAOKI0 PAosr \NAUILTIPY TLICTINEry 3854 3010 Opticat u\.uru'nenu and ienses,
050 Printing trides ey Jsss A3 200 Onanthalmic g
44080 Special industey acninety. e ¢ 1350 A3 030 [*hotographic mummfn! and subpites a8
$ CGeneral sad 44 Miscellansous manufaciuring
PIOUN PUame and eomorecors. 381, 3583 HMOL Tewelry., Deecious ‘el st
AN By 1 Se s S8R S4102 jewelvrs Materials 4 lnmvlar\ werk s
¥ 03 Blowers atirk “uis. ] T erae et et w nu
L1 0NN {ndustaas patterns 3563 4908 Casteme ey 1
¥1OSN Power tRAAMMISO0N <1 HPRIeT 1388, 33A% 540200 Musicat Netrumeats. v
100 Tefustr e wes e d avens n WG] T n tav e amd sl iren s vehucien Ide
1000 Coneralindustnia macmnesy, e € L L . L 3863 40302 Dabis Rt
See footnote 3t end of Appendit [
.
(Continued)
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Table A-3. (Concluded)

Industry Classification of the 1972 Input-Output Tables'—Continued

[ T

Related Census- Relal oS-
! Industry number and title 31C codes - 1972 Industry number and title sfc'::dg'. 1972
edition edition)
Sporune and athletic goods. 1 e, *7 0N Educational services ., - . o
Pens and mechanies! pencus..... T A0 Nonpioit orgsnizations .} se. 85 22

Lead pencils and art goods.
Mariting devices.._. .

Cardon paper and inked ndbons
.\mncnal trees and owers. ..
utton: .
\ndlu. ping. and fasteners..
Brooma and brushes... . .
Hard surface floor ~osen

=2 070 U huld day care services
I8 Residential core ... .
00 S0c1al services, nec

GOVERNMENT ENTERPRISES

8 Pederni Govovlunl nerpriess

B0 U 5. Postal Serviee |

T8 An Fedleral eiectrie utilit

resel. 391 4NN Commodity +Teelit < arparstion ..
IROMR Ither Fecderal LOVARILeL o lorDrises .

‘§§§§§§§§§§

4
g
Be
4
B
5
-3
:
5
a
3
5
2

54,1100 Siens and 1drertis.ng ..splms
' #4.1200 Manufactyring mdustries. te ¢

TRANSPORTATION, COMMUNICATION. AND UTILITIES

EECRR

7% Staie and local gevernment enierprises

Transperwstion and warehousing * TYOIN [Local gOSATAIANT ussenger fransit . i . et a1
\H)IM R:u\muds and reiated services | R R-13 TO0XN State aned L0C - CELC HELtes - | ptoan
3 0200 Local. suburdan. and nterurbar MEAWSY DAsseNger trans- < amm ther 130 AN 0CA KDY ceterprises - ceveralt
DPOLIAUON. ... .. ... 4
. &3 00 Motoe frwht T transpartitian and Wwarehoumne ... 42, pt. 4789 DUMMY AND SPECIAL INDUSTRIES
4 »5.0400 W ater transportation H
‘ -5 0300 \nr ra: (non:u n . [ 0 No-«mmbh tmports
: A000 B except natural gas. W 3NN NotConeahle DO L. L eaiaeniea e
' «$o%on T :u spon:uon RTICR . 4T exel 474 and pt
(V1) . used. and secondhend geeds

$1.0000 <ery) .wd 3nd secondhand €048 ....o.oooii liiiiaas
Communications. excent radio and TV s

46.0000 Communications. except radio and 48 (excl. 483) 82 Geverament industry
i 82.0000 Government INAUSLEY ... ..o ..t eiiicierniaaaaaaa,
47 Radio snd TV broadaasting
67.0000 Radio and TV broadessting...... ... .. ..... O I~ ) Rewt of the -r“l-‘uwy

43.0000 Rest of the vorld Industry .

58 Electric. qns. water. and sanitary services :
58.0100 Electric serviers -utililies:.
#8.0000 Gas production and distnbution uliltties)...
58.0300 M ater SUPPIY INA SANIALY services,

34 Heusehold industry
#4.0000 Household :ndustry

: . 15 Inventory valusuen uohuunu
] WHOLESALE AND RETAIL TRADB * 33,0000 [nventory vaation adjustment. . ... . ..o......ieincmaann,
€9 Wholeasie and cetsil trade VALUE ADDED AND FINAL DEMAND
$9.0100 Wholesale trede.._........ .. .. ... e ... 50, 5% (excl. manu-
N Iacturers’ ssles offi- V.A. Vsiue added. tetal
Py ces) %3 Empioyee compensation

{ 49.0200 Retail trade. ... . . - . . - 52-7, 52, 706, 8042 33 [ndirect husiness taxes. .

90 Prog -t ncome .
‘ PINANCE. INSURANCE. AND REAL ESTATE perty-type ¢
[ 3t Personal consumption sapenditures

70 Finance and insurance © 91,0000 Personai (ons 1t pRion eXPenditures . . .ooon.ooeenee...
70.0100 Baniing.. . .| &0
‘, - 70.0200 Cred:t seenc: 61 cexcl. pt. 813, 67 92 Groas private domestic fixed investment
. T0.0000 Securiv and sommodity brokers. a2 TIN00N (iroes PPTILS AOMeSIIC fixed investment.
70.0400 Insurance carmers............ L)

70.0500 Insurance agents and brokers &4 93 Change in business inventaties

)3.0000 Change in business inventones. ..

71 Resl estate and rental '

710100 Dwneraccupied dwailings nanppﬂc-bla H Expers
Q200 Reslestate.............. 65-8, p ' %.00n0 Esports .
SERVICES .
' 5000 Imports.
72 Howls and todging. kmn.l and repaIr services except
20100 tintels and (adz:ng dlaces "0 exci dininmn % Federsl Gorernment purchases. national defense
10200 Prrsoral and repair services. ﬂ(‘!p( auto repair and besuty w0 Federal LOVATNIeNt DULCHASeS, ational defense s
NG UBPOEFHNOPS. ... ... L. 2 exel T340, 7624
ptoc 97 Fadersi G [ .
20000 Besuty and barver shops 224 J700M Federal Liovernment purchases, nondelense - .
Business services 9 Siaw and local government purchases. education
730100 Miscellaneous mm-ms services. [P TR <cl "I98 - State and 03! OVeTNIRIeNt DUICNEYes, «dUCANON .. ... ...
A2, 'GM L. THA
03 A e s PR e 13 ¥ Suie and lecal gorernment
':xcmo \1 s\nhnwus professional services.. ceee) 3139 evcd 392D =10 3fate Emlnl 0l gOvAMment Hurcnases,
sanitation
74 Esung and drinking phm State and ocai gavernment Jurcnuﬂ salet N
“$0000 Eating and drinking places. . .. PO L. pt 0 te and (0Cal ROVATIRICNL pUICTASes, aln—r :enem govsrn.
ment Ceeamaieiaes
3 Automobile repaic and services
T3.0000 Automobie repairand fervices. . ... ..._.. e 4TS OTHER SYMBOLS
74 Amusements TILU Toul 1termediate use.
78.0100 Motion prcrures ... ... ....... e TS 1rD nal femand
78.0200 Amusement Ind recreation services.. .. ... ... e Teo ?oul commodity nutput.
77 Health. educationai. and social pervices and nonmﬂlo"llllnlmnl Inputs
0100 [toctors Ind dentists 501-1. 3041 T {1 Totai imtennediate mputs
Zvms o B PR N AL Vglue added. o
TR Other ~;nhm| el et weeviess LT PR IRTEN TV AN ) ) T 10 Total mdustey dutput

© Theinaustry casatication s v||u.nl\ udeneiet with enag foe e ity W hICT 8 The : Faen

ing goverment oty
Pl gove et ot

snmary :ﬂMut‘l 1 Y product w3 bodnhe god o etV n.\n geuvtuly \‘Ia.\wn'l \\|l|l the aitlar
o t ux' q q ses cvate wssty In (-1 ety Mises 31 ! o i 1 e

s . 0 ARG LAt Wit S Gonge e oding L eare s . tim Is e aned T 2Tl s i e
R NOANTITHURS IO SRYRTIRBTTS Al S1C7Cam seversi JCHVILes 00 W RicE L0 cotpatanee 31U - uste

- p—




Table A-4. COMMODITIES WITH NO NONZERO COMMODITY--
! COMMODITY COEFFICIENTS
i
Sector ID Number Sector Name
1. 2.0701 Forest Products
2. 78.0200 Federal Electric Utilities
3. 78.0300 Commodity Credit Corporation
i 4, 79.0100 Local Government Passenger Transit
5. 79.0200 State and Local Electric Utilities
6. 80.0000 Noncomparable Imports
7. 81.0000 Scrap, Used, and Secondhand Goods
8. 82.0000 Government Industry
b 9. 83.0000 Rest of the World Industry
10. 84.0000 Household Industry
11. 85.0000 Inventory Valuation Adjustment
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C. PROGRAM IMPMOD2 - INVERT THE 1-0 COEFFIT: ¢’ LTE D

3 The program IMPMOD2 accesses *tr- > &'

stored on Disk File TAPEL4, forms *he L= : 0.« = .+~ . -,
calculates its inverse, and storez shat lno.oos.

File TAPE3 to be used by other programs 1. 1~ 0.1 -~ =-]

requirements.

The inverse 1s calculated using L decorpzsiticrn. Tre
matrix B = I-A 1s first decomposed using Gaussian elimination
into the product of a lower triangular matrix, L, and an upcer
triangular matrix, U: ,

B=1LU and BT = y~ip-?

Once this 1s done, a representation of the basis inverse is
immedliate since the inverse of a triangular matrix is a
simple rearrangement of the matrix itself. As an example

-1
Upq U, ul3 l/u11 00 1 -ulz/u22 0 10 -ul3/u33
-1
U =10 Usp Usg 0 10 0 l/u22 0 01 —u23/u33
0 0 u33 0 01 0 O 1 00 l/u33

and likewise for L_l.

now be written as the product of elementary column matrices

The representation of the inverse can

E¢ (often called eta vectors):




-1
B = E, ...E;E
t 271
[} 1]
O Tt
] with
1 nl
E, = °
t
P,
! T 1

It is these eta vectors which are stored on the Disk File
TAPE3. By doing so, much space is saved as some of the spar-
sity in the original matrix 1s retained by this representation
of the inverse. When A was aggregated to 250 commodities, I-A
had 22,459 nonzero elements. In this case the eta vector
representation of the inverse had 43,766 nonzero elements,
whereas the full inverse would require close to 62,500 nonzero
elements. ZFilzure A= disrlays the inputs anid cutputs of

program IMPMID2,

D. PROGRAM IMPMOD3

Program IMPMOD3 calculates and plots the technology
network implicit in the input-output table. Particularly
for defense 1tems, it 1s important to see which commodities
are most Important in producing the final item and when 1in
the production process they are required. The network plots
are twenty commodities wide, due to the limited width of the
graph paper. At each tiler those twenty paths are followed
which have the largest dollar flow. For commodity 1 the
largest dollar flow path, P, through six tiers 1is:
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6
largest dollar flow path = max na, 4
all P=(il,i2,...,16) k=2 “k7k-1 .
s.t. il=i

Fizure A-4 displays the inputs and outruts of IMPMOD3,

E. PROGRAM IMPMOD4--TIME-PHASED REQUIREMENTS FOR DEFENSE
PURCHASES
Program IMPMOD4 calculates time-phased commodity require-
ments for a given pattern of defense purchases and stores
them on Disk File TAPE2 to be used by IMPMOD5. In a static
input-output model for a final demand vector, F, total direct

and indirect requirements represented by X can be calculated
as follows:
(1-8)"1F

-
[

F + AF + ASF + ASF +...

T

i
direct 1st 2nd 3rd
req. tier tier tier
req. req. req.

As all commodities have positive value-added, the infinite
series converges. IMPMODU starts with direct requirements
and works through the lower tiers by first computing the
indirect requirements at that tier and then time-lagging them

by the amount of that commodity's process time.

Let pi

t
X

process time of commodity 1, and

[}

total direct and indirect requirements at
time t for commodity 1;

|

then the recursion used in calculating xg is

t _ S +
x{ = ) ) Xy *ay £y
all all time 17
commodities periods s =t
J s.t. s+p,;=t Py=
A-15

rﬁ . ) . ‘ . S e o - . - -
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Letting NTIME be the time horizon,

NTIME
total requirements = X, = ) X
t=1

t

i

To estimate how much of total requiremepts has been captured
in this time-phasing process, X = (I-A)'IF is calculated using
TAPE3. X should equal X if NTIME is infinity, otherwise X
will be less than X for finite NTIME. Xi/f1 is displayed for
each commodity i. Figure A-% displays the 1nputs and outputs
of IMPMODS.

F. PROGRAM IMPMOD5 - TOTAL REQUIREMENTS MATCHED AGAINST
CAPACITY
Program IMPMODS plots requirements over the time interval
FY81 to FY90 for each commodity. Major inputs are the
increased defense expenditures in millions of dollars and the
period of time over which end item dellveries are desired.

Outputs are the following four curves:

e estimated non-defense consumption,

e estimated total requirements due to defense FYDP
expenditures,

e estimated total requirements due to the assumed
surse 1in defense spending, and

® estinated U.S. production capacity.

Tigure A-6 shows the inputs and outputs for IMPMCDG.
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CRITICAL PATH NETWORKS FOR MAJOR
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CRITICAL PATH NETWORKS FOR MAJOR DEFENSE COMMODITIES

This appendix presents critical path networks for eight
commodities which include the major weapons and components
purchased by DoD. For each item, six columns of reguirements
are shown. The first column displays the direct requirements
(per dollar of sales) of the 20 most significant commodities
required in producing the end item. Subsequent columns contain
the indirect requirements of successive industrial tiers.

Again, t' = 20 commodities with the largest (dollar) requirements

for each stage of production are shown.

The most important supplier commodity aprears in the
lowest row of each tier. As one moves up the column, the
significance of the commodity diminishes. Each box contains
three numbers. The number in the uprer left-hand corner 1is
the value of the suprlied commedity reguired per dollar of
sales of the produced commodity. The number in the upper
right-hand corner is the value-added coefficient for the
commodity. This represents the fraction of the costs of
producing the supplied commodity which i1s :.0t spent on other
material regqulirements. The number in the lower right-hand
corner 1s the fraction of requirements for the production of
the suppllied commodity not accounted for in the subsequent
production tier.

These charts may be used to (1) determine the most impor-
tant lower-tier industries assoclated with each class of weapon
system and (2) to determine the interrelationships between
purchaser and suprlier industries. The lines connecting the
boxes assist the latter rrocess by identifying direct relation-

ships among the various subtiers,
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' APPENDIX C

ALTERNATIVE TIME-PHASING FOR SELECTED INDUSTRIAL
AND DEFENSE COMMODITIES




- ftmeames .

ALTERNATIVE TIME-PHASING FOR SELECTED
INDUSTRIAL AND DEFENSE COMMODITIES

y For 24 industrial and defense commodities, this Appendix
displays time-phased requirements for a 50 percent surge in

defense spending with end-item deliverles spread over one
year, three years, and five years. Also shown are require-
ments Ior a 200 percent surge in defense spending with end-
item deliveries spread over five years. The 50 percent

surge runs assume that defense spending 1s lncreased by 50
percent above FY 1986 levels for three years resulting in
additional expenditures of $360 billion (1981 dollars). The
200 percent surge results in additional expenditures of $1,440
billion (1981 dollars) over five years.

Table C-1 lists the 24 selected commodities. The selected i
commodities 1nclude those 13 where a 50 perc:nt surge caused
requirements to exceed estimated capacity. The remaining 11
commodities were selected to ensure at least one commodity
from each major product grouping was included as well as
additlional commoditlies in the key areas of Military End Items
and Primary Metal Manufacturing.




Table C-1. SELECTED INDUSTRIAL AND DEFENSE-CRIENTED
COMMODITIES
Military End Items
Seq. No. ID. Nc. Commodity Name

1 61.0100 Shipbuilding

2 13.0300 Tanks

3 13.0100 Guided Missiles
4 13.0200 Ammunition

5 13.0600 Small Arms Ammo
6 13.0700 Other Ordnance

Transportation Equipment
7 60.0200 Air/Missile Eng.
8 60.0400 Air/Miss. Equip.
Machinery
9 56.0400 Radio/TV Com. Eq.
10 57.0100 Electron Tubes
n 57.0200 Semiconductors
Fabricated Metal Products
12 42.0401 Plating/Polish
Primary Metal Manufacturing

13 37.0101 Blast Furn/Mil1s
14 37.0402 Prim. Metal Pd.
15 38.0100 Primary Copper
16 38.0200 Primary Lead

17 38.0300 Primary Zinc

18 38.0400 Prim. Aluminum
19 38.0800 Aluminum Rolling
20 38.1100 Aluminum Casting
21 38.1300 Nonferrous Cast.
22 38.1400 Nonferrous Forg.

Other Manufacturing

23 62.0100 Eng/Sc¢i. Instrum.
24 27.0403 Explosives

e ——— - ——— e li—
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