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FOREWORD

The analytic model presented in 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 is unchanged from Dr. 
McCoy's

preliminary draft; however, certain material 
was excluded

and the appendices transferred to a second volume 
for easier

handling by the reader.

Dr. R. William Thomas
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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 (OUSDRE/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 during peacetime. The IMPMOD 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 industrial sector. The model simu-

lates increases of 50 to 200 percent in the level of overall

defense spending. Two sorts of bottlenecks are identified--

the first involving industries where peak requirements exceed

capacity, and the second, where cumulative processing times

exceed the preparation period envisioned in the scenario.

This publication is issued in fulfillment of the contract.
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I

INDUSTRIAL MOBILIZATION PLANNING MODEL (IMPMOD)
GENERAL DESCRIPTION

A. OVERVIEW

The Industrial 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 mobilization, as well as essential

civilian requirements. Sub-tier requirements are estimated

using an input-output model. Requirements for all commodities

are time-phased so as to determine where capacity expansion

might be needed first.

The model uses the defense expenditure patterns developed

by Dr. David Blond of PA&E which translate defense expendi-

tures into purchases of industrial commodities as well as

the civilian purchase patterns developed by the Department

of Commerce. Commerce's 496 sector input-output model is

used to calculate total direct and indirect requirements

which are also time-phased to take into account each commodity's

processing time. The result is a plot of time-phased require-

ments for each four-digit SIC code commodity matched against

estimated capacity.

The intent of the model is 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

production lead times.

A- 1



The model is written in FORTRA'! ani is currently being

run on a CDC 6400 computer with a Cal Comp plotter. The model

consists of the five separate programs listed in Table A-1

which create and, in turn, use the four disk files listed in

Table A-2. Figure A-1 depicts the general data flow between

the programs. The model was segmented into five programs due

to the large data files, long run times, and the limited core

memory of our computer. Each program will be described in

more detail below.

Table A-I. MAJOR PROGRAMS IN IMPMOD

Average Run Core Memory
Program Time Requirements

1. IMPMODL 15 minutes 21,500 words

2. IMPMOD2 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 NumberDisk File Records of Words

1. TAPEI 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 IMPMODI reads the commodity-to-commodity

input-output table off a data tape supplied by the Department

of Commerce. Table A-3 is 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 detailed commodities. As such,

estimates of 1972 inter-commodity dollar flows must be input

for each commodity that is more detailed than the four-

digit level. The final task performed by IMP Dl 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 IMPMOD1. 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 it is desired to aggregate

all commodities between iI and i2 into commodity i:

A-4
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- i\

A = {ai .1 =
2i 2

a =ij a for all commodities j (new row), and

a'ij aj,*W) Z Wm  for all commodities j
11 mi1 (new column),

where Wm is the total shipments in 1972 of commodity m
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Table A-4. COMMODITIES WITH NO NONZERO COMMODITY--
COMMODITY COEFFICIENTS

Sector ID Number Sector Name

1. 2.0701 Forest Products

2. 78.0200 Federal Electric Utilities

3. 78.0300 Commodity Credit Corporation

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

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 COEFF .' '.P',

The program IMPMOD2 accesses o .

stored on Disk File TAPE4, forms - - , -

calculates its inverse, and stcre2- .. ''..

File TAPE3 to be used by other :rogra~ 1:.

requirements.

The inverse is calculated using LU i ecomrs1t!cr. The

matrix B = I-A is first decomposed using Gaussian eliminatio.n

into the product of a lower triangular matrix, L, and an upper

triangular matrix, U:

B = LU and B- 1 = U-IL - 1

Once this is done, a representation of the basis inverse is

immediate since the inverse of a triangular matrix is a

simple rearrangement of the matrix itself. As an example

[1 u 2 - 1 1 /U22
U = u2 2 uI 0 1 -u23/u33

L 0 1 u3J L0 01jl 0 0 1 2 L- 0 0 i/u33]

and likewise for L- . The representation of the inverse can

now be written as the product of elementary column matrices

Et (often called eta vectors):

A-12



t

B = Et .. EE

II II
-1 -1

U L

with

1 n1

np

nm

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 is 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

eiements. Fiure A- Jis-iays the inouts an cueuts of'

program ...

D. PROGRAM IMPMOD3

Program IMPMOD3 calculates and plots the technology

network implicit in the input-output table. Particularly

for defense items, it is important to see which commodities

are most important in producing the final item and when in

the production process they are required. The network plots

are twenty commodities wide, due to the limited wijth of the

graph paper. At each tier those twenty paths are followed

which have the largest dollar flow. For commodity i the

largest dollar flow path, P, through six tiers is:
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6
largest dollar flow path = max n a

all P=(il,i2,... 6 k=2 k k-i

S.t. il =i

Figure A-4 displays the inputs and outputs of D=POD3.

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:

X (I-A)-lF

F + AF + A2F + A3F +..

t T I t
direct 1st 2nd 3rd
req. tier tier tier

req. req. req.

As all commodities have positive value-added, the infinite

series converges. IMPMOD4 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 = process time of commodity i, and

ti = total direct and indirect requirements at
time t for commodity i;

then the recursion used in calculating xt is

Xt S* +all all time

commodities periods A- all s t I i)J s.t. s+Pi=t t
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Letting NTIME be the time horizon,

NTIME t
total requirements = = x

t=l

To estimate how much of total requirements has been captured

in this time-phasing process, [ = (I-A)- 1 F is calculated using

TAPE3. X should equal X if NTIME is infinity, otherwise X

will be less than X for finite NTIME. X1 /Xi is displayed for

each commodity i. Figure A-- displays the inputs and outputs

of IMPMOD5.

F. PROGRAM IMPMOD5 - TOTAL REQUIREMENTS MATCHED AGAINST

CAPACITY

Program IMPMOD5 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 deliveries are desired.

Outputs are the following four curves:

* estimated non-defense consumption,

* estimated total requirements due to defense FYDP
expenditures,

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

* estimated U.S. production capacity.

Figure A-6 shows the inputs and outputs for IMPMCD5.%
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APPENDIX B

CRITICAL PATH NETWORKS FOR MAJOR
DEFENSE COMMODITIES



I

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 requirements

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 wit'- the largest (dollar) requirements

for each stage of production are shown.

The most important supplier commodity appears 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 upper left-hand corner is

the value of the supplied commodity required 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 is .Dt spent on other

material requirements. The number ir the lower riCht-hand

corner is the fraction of requirements for the production of

the supplied commodity not accounted for in the subsequent

production tier.

These charts may be used to (1) determine the most impor-

tant lower-tier industries associated with each class of weapon

system and (2) to determine the interrelationships between

purchaser, and surrlier industries. The lines connectinz the

boxes assist the latter process by identifying direct relation-

ships among the various subtlers.
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APPENDIX C

ALTERNATIVE TIME-PHASING FOR SELECTED INDUSTRIAL
AND DEFENSE COMMODITIES



ALTERNATIVE TIME-PHASING FOR SELECTED
INDUSTRIAL AND DEFENSE COMMODITIES

For 24 industrial and defense commodities, this Appendix

displays time-phased requirements for a 50 percent surge in

defense spending with end-item deliveries spread over one

year, three years, and five years. Also shown are require-

ments for a 200 percent surge in defense spending with end-

item deliveries spread over five years. The 50 percent

surge runs assume that defense spending is increased 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

commodities include 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

additional commodities in the key areas of Military End Items

and Primary Metal Manufacturing.

C-1

..... ... . .i- -- i -- , - "- ..



Table C-I. SELECTED INDUSTRIAL AND DEFENSE-ORIENTED
COMMODITIES

Military End Items

Seq. No. ID. No. Commodity Name

1 61.0100 Shipbuilding

2 13.0300 Tanks

3 13.0100 Guided Missiles

4 13.0200 Ammunition

5 13.0600 Small Arms Aamo

6 13.0700 Other Ordnance

Transportation Equipment

7 60.0200 Air/Missile Eng.

8 60.0400 Air/Miss. Equip.

Machinery

g 56.0400 Radio/TV Com. Eq.
10 57.0100 Electron Tubes

11 57.0200 Semiconductors

Fabricated Metal Products

12 42.0401 Plating/Polish

Primary Metal Manufacturing

13 37.0101 Blast Furn/Mills

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/Sci. Instrum.

24 27.0403 Explosives
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