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FOREWORD

The analytic model presented in this papér 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 easiler

W&h—- (jéwas

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 perilod envisioned in the scenarilo.

This publication 1s issued in fulfillment of the contract.
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Chapter I
INTRODUCTION

A. BACKGROUND

Direct planning and funding by the Department of Defense
for U.S. production facilities that support the manufacture of
defense items has declined since the end of the Vietnam Var.
This has been caused by increasingly constrained defense bud-
gets and increased emphasis on military readiness which directs
dollars from investment in production facilities. Between
fisr.l years 1976 and 1979, budgeted funding for ammunition
procurenant doubled while funding for the ammunition production
base, which comprises half of DoD-owned production facilities,
was reduced by almost one-half.

In the recent past many articles and studies have claimed
that the defense industrial base has deteriorated and is in
danger of further deteriloration in the coming years. Two
examples of these studies are the Report of the Cefense Indus-
trial Base Panel of the Committee on Armed Services, House of
Representatives (1], and the Defense Science Board 1980 Summer
Study on Industrial Responsiveness [2]. Both studies point out
the lengthening production lead times and increased costs for
defense 1tems which are symptomatic of capacity constraints,
particularly at the lower tiers of the production process.

The current Administration recognized these problems and
has placed emphasis on improving the defense industrial base.
Not only have additional moneys been allocated to support pro-
duction facilitles, but also for the first time DoD official
statements and planning documents mention planning levels for

1
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production facilities based on supporting a force expansion
above the approved force. The intent of this study is to
develop a mechanism for identifying key problem areas 1n the
U.S. 1ndustrial base which would most constrain a major force
expansion.

B. CURRENT MODELS FOR MOBILIZATION PLANNING

There are three general methods which are currently used
for mobilization planning of defense production capacity. The
Critical Path Method 1is often used in lead time studies done
by the Services for particular weapon systems. Examples are
the studies done by and for the Army for large-caliber ammuni-
tion [11], for the TOW weapon system [8], and for the 155mm
self-propelled howitzer [9]. Advantages of this approach are
that very detailed components of the weapon system can be
indivldually tracked and that time delays in the various stages
of production can be explicitly analyzed. A primary disadvan-
tage 1s that usually only one weapon system at a time is
analyzed due to the data and computation demands of this
procedure, In a major force expansion where many weapon
systems are being produced, as well as all the other items
needed by defense, the requlrements for components common to
more than one weapon system or defense item would be under-
estimated unless a lead time study was done for every 1tem and
the results were combined.

The second general method to analyze mobilization uses
input-output models. The most recent input-output table
published by the U.S. Department of Commerce aggregates the
commodities produced by the U.S. economy into 485 groups.

These data can be combined with macroeconomic models to develop

forecasts of U.S. production requirements. Several such models
have been developed specifically for defense studies [5,10].
The DEIMS system [10] is of particular interest. It combines
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up-to-date defense requirements data with one of the largest
commercially available forecasting models. Advantages of using
these models for defense force expansion studles are that
comprehensive data, which account for all commodities used in
our economy, are available, and that due to their continual use,
these models are constantly being tested and improved. Disad-
vantages are that they still use agg.=>gated commodity groupings
which may be too large to identify possible bottlenecks, and
they do not explicitly model time delays due to production or
capacity expansion.

The third general method is to use a linear programming
model. Such a model was developed for the Federal Emergency
Management Agency [4]. The primary advantages of using linear
programming is that constraints can be explicitly included in
the model. The FEMA model predicts capacity expansion over
time. 1Its disadvantages are that (1) it does not take into
account production time delays and (2) that due to the computa-
tional complexity of solving the linear program, the model is
based on broader commodity groupings than other procedures.

C. STUDY APPROACH

In response to the current Administration's concern about
the capability of the U.S. defense production base, the Under
Secretary for Research and Engineering was assigned the respon-
sibility for planning surges in defense spending of 50 to 200
percent. These are the expansion levels that this study will ¥
address. Figure 1 displays the expansion levels in terms of '
dollars and as a percent of Gross National Product (GNP).
Expansion levels of 50 to 200 percent would bring us to the
level of defense spending (as a percent of Gross National
Product) that occurred during the Korean War, would be a little
larger than occurred during the Vietnam War, but would be far
less than defense spending during World War II (45 percent of
GNP).
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Four major parameters must be specified in defining an
industrial mobilization for defense. They are as follows:

e the amount of the surge (in terms of dollars or
force structure units),

e the U.S. spending pattern during the mobilization
(especially for defense),

e when the mobilization occurs (its start and
finish times), and

e the delivery pattern of end items.

The expansion levels described earlier define the amount of
the surge. Assumptions defining the remainlng three parameters
must also be made. In this study the U.S. spending pattern

is deflned for defense by the projected Five-Year Defense Plan
(FYDP) for 1986, and for non-defense by estimated consumption
in 1981. The industrial mohilization is assumed to occur
within the next ten years (namely, FY 1981 to FY 1990). The
delivery pattern of required defense end items 1s assumed to

be evenly distributed over periods ranging from one week to
five years.

The study presents a computer model which, for given

values of the major parameters listed above, generates the
following outputs:

® estimated production requirements and capacity,

e identification of those commodities whose pro-

duction capacity would most constrain a force
expansion,

e ldentification of those commodities which would
be required first,

e a critical path network for any designated
commodity, and

® assessment of the impact of reductions in pro-
duction lead times.

The approach taken in developing the model was to combine
the better features of the models currently avallable into
a computationally feasible model which would generate the

5




above outputs. Results are derived by running the model with

a tentative set of data. The data set contains many rough "
estimates as little time was avallable for data collection,

although the data set is sufficlently accurate to test the

approach and indicate general results.
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Chapter II
METHODOLOGY

A. GENERAL MODEL STRUCTURE

This study presents the Industrial Mobilization Planning
Model (IMPMOD); its unique feature 1s that it combines the
theoretical structures of critical path and input-output models.
As will be explained in Section B, a commodity-to-commodity
input-output model can be viewed as a collection of critical
path networks (one network for the final demand of each
commodity) where time delays for the arcs have been set at
zero. Conversely, a critical path network for one defense end
item can be viewed as a small component of a national input-
output model but with added information about production time
delays. IMPMOD generates time-phased industrial mobilization i
requirements using the comprehensive data base developed for

input-output models together with production processing time
delays typically used in critical path approaches. .

In developing IMPMOD, compromises were made 1n order to
build a model which was computationally feasible and used
available data. The Department of Commerce's 1972 commodity-
to-commodity input-output table was used as the model of U.S.
production requirements. It has the advantage of being com-
prehensive in the sense that all commodlties produced in the
U.S. are accounted for. On the negative side, even though
this table 1is the most detalled avallable with 485 individual
commodities, 1t may be too aggregated to 1dentify many 1lndus-
trial bottlenecks. IMPMOD was programmed so that, as more
detailed production data are gathered, they can be readily

7
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integrated into the model. A second compromise was to devote
almost all the computational work towards developing defense
requirements. Non-defense requlrements during the 1ndustrial
mobilization period must also be estimated in order to draw
conclusions about capaclty requirements. The DEIMS system

does a particularly good job of this. In IMPMOD, non-defense
production requirements are essentially inputs-~-in this study
we used Department of Commerce peacetime projections, although
one could have used DEIMS projections just as well., The last 3
major compromise made in developing IMPMOD was to base time
delays entirely on production processing times--not to include
time delays due to capacity limitations. It was felt that in

a defense mobilization, the timing delays due to production
lead times would be felt before those due to capacity expansion.
Capacity expansion could be included in the model but would
require additional programming.

The general structure of IMPMOD is similar to that of an -
input-output model like DEIMS although the calculation of ;
indirect requirements is quite different (as is explained in

the next section). The first three major inputs are the amount
of the surge in defense spending (above peacetime funding),
when the surge occurs, and the planned delivery schedule for
defense end items. The fourth and last major input is the
defense spending pattern which specifies precisely what
commoditlies defense buys. We have used the pattern used in
DEIMS which is based on the Five-Year Defense Plan (FYDP)
spending estimates for FY 1986. IMPMOD develops a final demand
vector for defense based on the amount of the surge and the
defense spending pattern. It time-phases that final demand
vector based on when the surge occurs and the planned end-

item delivery schedule.




The resultant time-phased final demand vector 1s then
passed through the input-output model described in Section B.
The output 1s total defense surge requirements additiocnally
time-phased due to production processing delays. At this
point defense peacetime requirements and U.S. non-defense
requirements are entered into the model. For each commodity,
two numbers are required--the estimated requirement in 1981
and the projected annual growth. The estimated requirement
that is entered can be only the direct requirement (and the
model will calculate the additional indirect requirement) or
both direet and indirect requirements added together. Also
entered into the model at this point is estimated production
capacity in 1981 and its projected annual growth. IMPMOD now
plots a composite picture of total U.S. requirements over the
mobilization period together with estimated U.S. capacity. It
also will plot detailed critical path networks for designated
commodities.

IMPMOD 1s programmed in FORTRAN and currently runs on a
CDC 6400 computer, requiring 500,000 bytes of core memory,
1.6 million bytes of disk storage, and a Cal Comp plotter.
Volume II, Appendix A contains a description of the program.

B. AN INTERNALLY DYNAMIC INPUT-OUTPUT MODEL

Dynamic 1nput-output models typically time-phase total
requirements in two ways. The first 1s to time-phase final
demand (with particular emphasis on the investment component
of final demand). The second 1s to adjust the input-output
coefficlents over time to reflect technological change. Note,
however, that dynamic input-output models usually assume that
all indirect requirements occur in the same time period as the
direct requirement that generated them. For large surges in
defense spending, this assumption may be particularly inappro-
priate as the time span between the required indirect commodi-
ties and delivery of the final end item may span several years

9
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due to production delays (e.g., two to four years for military

alrcraft and five to seven years for aircraft carriers and
nuclear submarines). If the intended use of the analysis is
to look for capacity bottlenecks, it 1s particularly important
to know how requirements bunch up over time. For a particularly
long lead-~time 1ltem, capacity requirements for primary metal
production may all occur very early in the production process
while capacity requirements for final assembly may all occur
very late in the production process. Assuming both direct and
indirect requirements may be averaged over the same period (as
is typically assumed in input-output models) distorts the
comparison of requirements and capacity. This assumption pre-
cludes addressing the question of what capacity should be
expanded first in an industrial mobilizatlion. Figure 2 shows
a hypothetical case involving two commodities--aircraft final
assembly and nonferrous castings. The top half of Figure 2
shows the typical requirements distribution with no production
delays, based on a direct requirement for alircraft in FY 1990.
Both requirements for the end item and an indirect requirement
for nonferrous castings are averaged over FY 1990. The bottom
half of Figure 2 shows a possible requirements distribution
when production processing delays are taken into account. As
shown, the productlion of nonferrous casting must occur well
before the final assembly of the required aircraft.

In this section we present a method of time-phasing
indirect requirements based on production processing times.
In the first subsection, notation and a useful result from
static input-output theory are given. 1In the second subsection
we explain how the static model may be modified to handle
production delays. 1In the final subzection we show that 1if a
particular method of matrix inversion is used in solving the
modified static model, the resulting solution 1s equlvalent to
viewing the modified model as a collection of critical path
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networks--one for each commodity. From this formulation we
derive a recursive solution algorithm which results in the

most efficient solution procedure (the one used in IMPMOD).

In this section we use as an example the input-output model
actually used for the IMPMOD results reported in the following
chapters. The model has 250 commodities with the industrial
commodities at their lowest detail and the remainder aggregated
as the two-digit SIC code level.

1. A Static Input-Qutput Model

Let the matrix A represent an NxN commodity-to-commodity
input-output table.

=
"

Notation: number of commodities

=
|

(aij) 1s the NxN nonnegative matrix
representing the input-output
coefficients

Z = (Zi) is the N vector representing
final demands

X = (x is the N vector representing

)
1 total requirements

Assumption 1:

a,, >0 for all 1, J
and

N
for some € >0, I < 1 - ¢ for all j

12
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(Example: For the 250 Commodity Table, Primary Copper had
the smallest value-added coefficient (0.098).
Here ¢ 1s 0.098.)

We can now state a standard result 1ln input-output theory.

Proposition 1: If Assumption 1 holds, then

(1-8)"1 = 7 a7

E
|
{ Proof:
1

m
(1-8)( | a") = 1-a™*1
n=0

Using the |[+]| matrix norm

N
Hall = max la, .|
1 1<y<N 121 I
HA™L ) < (1A ™ < (1-0)™1s0 s me0
thus
(]Z-l-\)"1 exlsts and equals } IS Q.E.D.
n=0

The standard input-output relationship 1is

X = AX+Z

which, by Proposition 1, ylelds
X = (1-m)"1z = § A"z . (1)
n=0
(Example: For N=250, (I-A) has approximately 25,000 nonzero

entrles and 1s 1lnverted directly quite easily by
IMPMOD using LU decomposition.)

13




2. A Time-Phased Model Viewed as an Enlarged Static Model

Production processing times can be incorporated into
the statiec input-output model by enlarging and slightly
modifying the coefficient matrix.

Notation: T = number of time periods

A = (x;) 1is an N-vector representing commodity
processing times

[ 1]
X
T
_ Xy i{s a TN vector representing
X = total requirements for each
Xl commodity i at every time t
2
T
[

7 = (Zi) is a TN vector representing final
demand composed of N elements Zi
each of which 1is a T vector

[ 1] t
Z1 zi-O for T-Ai<t5’l‘
_ : t t+A
Z1 = . with 2, = ¥y i for 1< t:.T—A1
-T A,=-1
= 2t = 71 TyS for t=1
i 5= i

14
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E A= (G,,) 1s a TNxTN matrix composed of NxN
{ J elements GiJ’ each of which 1is a
[ TxT matrix.
i column Ai
zijai,j...ai,j OOOOO
O e e [ O aiJ [ ]
[}
[ ]
[ ]
L
o . ° !
= |
Gij L4 aiJ !
[ ]
0
[ ]
®
L ]
o .o 0_|]

The effect of matrix GiJ 1s to lead the input requirement
for commodity 1 by commodity J by the processing delay for

commodity 1 (Ai).

Notice that Assumption 1 holds for A since it holds
for A.

Thus, Proposition 1 holds anc we can use Equation (1)
to get:

X = (I-F)"'7 = 7 &7 . (2)

0 '-:

e 8

n

Total requirements, X, can be calculated by using matrix

inversion on the matrix (I-A), although it may be quite !

large with TN rows and columns.

(Example: For N=250 and T=312 (weekly time periods for six
years), (I-R) has 78,000 rows and 7,800,000 non-

zero elements which makes direct 1nversion very
difficult.)

15
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A Time-Phased Model Viewed as a Network Model

Direct inversion of the enlarged static model is very
time-consuming. A more efficient solution procedure is
developed below. The basic 1dea is that 1f the matrix inver-
sion technique used to solve the enlarged static model is
series expanslon, then the model solution is equivalent to
solving a large collection of critical path networks similar
to those used 1n Service leadtime studies. To proceed fur-
ther, we need the following definition:

E Definition: A sequence of n commodities (il’iz""’in) is
a path of length n 1if

ay 1 > 0 for all m: l<m<n

mTm+l

Writing Equation (2) element by element we find:

4
1 -3
: t -n=,t
' x; = Y (A7)
! ) { ] ] }t )
- = G G ...G Z (3
H z L ik k k k,J™3
: n=0 {j=1 all paths n-1 "n-l1"n-2 2
of length n
: (j’kz,---,Kn-l,i)
N
t ]
x; = ] ) a a c..a, L,y (4)
bl < ik k k ko373
% J=1 all paths n-1 "n-1"n-=2 2
5 (3:kysevesk _151)
n-1
such that Ly LA v+t =s (25 if t=1)
m=2 "m J

16




Now notice that Equation (4) represents the solution calcu-
lations for a collection of critical path networks with
nodes representing dollar flows and arcs representing time
delays. Figure 3 shows one such network.

t=T t=T-2 time

1

Direct 1st Tier 2nd Tier
Requirements Indirect Indirect

Figure 3. ASSOCIATED CRITICAL PATH NETWORK FOR COMMODITY i
FOR FINAL DEMAND DELIVERED AT TIME T

We can make this eacler to compute by turning Equation (4)

into a backwards recursion so that the work done in calcu-

lating Yg for later values of t helps in calculating fﬁ for

earlier values of t. :

17




N

j=1 s=1

As the time horizon i1s fixed at T, we have assumed that all
requirements which occur in time periods prior to t=1 are
accounted for in the total requirement value for the first
time period. Thus, total requirements for the time-phased
and static models are equal when aggregated over time. Equa-
tion (5) 1s the solution procedure used in IMPMOD.

C. POSSIBLE EXTENSIONS

Many extensions are possible in making the model more
realistic. As currently programmed, IMPMOD displays produc~
tion capacity for each commodity but it has no impact on
the time distribution of requirements. 1In reality, when
requirements exceed capacity, queues will develop and produc-
tion lead times will increase. IMPMOD could be modified so
that when requirements exceed capacity in any time period, the
producticn delay is increased by a walt time that allows all
requirements to be met by existing capacity. Another extension
in this same area is to explicitly model capacity expansion.

In a mobilization, production capacity could be expanded. The
expansion of facilities to increase capacity would require
resources, and the production of these resources entails time
delays 1dentical to those already modeled in IMPMOD. A further
extension 1s to allow different queue disciplines. One may want
to place commodities used in the production of Jdefense end

items ahead of others 1in any queue that forms or even prioritize
the defense items according to the Master Urgency List used by
DoD to prioritize production in a mobllization.

18




Chapter III
DATA

A rather large data base was developed for use by IMPMOD.
The intent was to collect the data needed to run IMPMOD from
the best available sources, and where none existed, to use
reasonable estimates. The purpose of this initial data base
was to test out the model, to indicate the general nature of
model results, ‘and to estimate the work involved in creating
a truly operational data base.

A. COMMODITIES AND ASSOCIATED INPUT-OUTPUT TABLE

The input-output table used in IMPMOD is the most recent
and detailed table available. The table is based on the inter-~
industry transactions developed in the 1972 input-output study
at the 496-industry level. The study was done by the Inter-
industry Economics Division, Bureau of Economlic Analysis, U.S.
Department of Commerce [12], and became publicly avallable in
1979. We used the commodity-to-commodity table, feeling that
the commodity classification was more appropriate for this
study than the industry classification, particularly since we
were including production processing times. We made no attempt
to update the coefflclents tc reflect technological change
beyond 1972; to do so would have required substantial program-
ming effort and it was felt that for this initial test of the
model, the non-updated table was adequate.

The input-output table, at 1ts most detailed level, con-
tains 485 commodities. Basically, their descriptions corre-
spond to the four-digit Standard Industrial Code (SIC)

19
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classification levels described in Reference [13]. While it
would be desirable to have much more detail for the industrial
and military commodities, it was felt that the detall for
consumer-oriented commodities could be sacrificed in order to
decrease the computational demands on IMPMOD (it really is not
necessary to distinguish between items like milk and cheese

production). As a consequence, we aggregated many of the non-
industrial commodlties so that the total number we deal with
in this study 1s 250. IMPMOD does this aggregation automat-
ically (the process is described in Volume II, Appendix A).
The new table has 22,459 non-zero coefficients while the
unaggregated table has 56,046 coefficients.

Table 1 lists the aggregated commoditlies. 1ID. NO. 1is ’
the industry identification number which defines the commodity.
The VALUE-ADD column represents the total value-added coeffi-
cient for that commodity. NO. INPUTS is the number of direct 1
inputs required in the production of the assoclated commodity.
The last three columns are, respectively, estimated 1981
defense shipments, total U.S. shipments, and total U.S. pro-
duction capacity. Thelr derivation will be explained later.

20
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PRODUCTION PROCESSING TIME

Numerous recent studles have collected data on order lead
times for 1industrial commodities and have observed that lead
times for numerous commodities have been rapidly growing over
the last several years. Unfortunately, order lead times are

not very useful in predicting what would happen in an indus-
trial mobilization. Consider the following:

Process Time = Manufacture Time + Transportation Time
Order Lead Time = Process Time + Queue Time.

While Process Time 1is fairly independent of the state of the
economy, the Queue Time component of Order Lead Time 1s very
dependent upon the state of the economy. If the economy is
booming or in an industrial mobilization, Queue Time may be
quite long. On the other hand, if the economy 1s in recession
| or defense 1s rigidly exercising its Priority System, the Queue
Time may be reduced for defense items. The correct way to
predict Order Lead Time in a mobilization is to first collect
Process Time data for each commodity and then to explicitly
model the queue formation during mobilization. If require-
ments for a commodity exceed capacity at a particular time,

e S, R

then a queue would form according to some queue discipline
(e.g., first-come-first-serve, Defense Priority System, etc.).
As discussed in the previous chapter, IMPMOD does not now
model queue formation, although it could with additional
programming. The runs reported in this study use Process
Time alone. Thus, results assumed capacity 1is unconstrained;
. if queuing were included, production times would increase.

Table 2 lists the estimated Process Times used for each ﬁ
of the 250 commodities. Individual estimates were made for
37 commodities, while for the remaining commodities, generic
estimates were used. Due to lack of specific data, the generic

estimates are pure guesses by the author. For the individual
estimates, the value used was based on data obtained from the
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Table 2. ESTIMATED COMMODITY PROCESS TIMES

i [ w | ’ ]

l ID. No. Cormomw Prof:::ksme l Source

‘i 37.0101 Blast Furn/Mills 5 "‘ Defense Materials System
37.0102 i Electro/Metals Pd. 5 Defense Materfals System

‘ 37.0103 | Steel dire ] . Defense Materials System
37.0104 Cold Fin. Steel 5 Defense Materials System
37.0105 ' Steel Pipe 5 : Defense Materials System

| 37.0200 Iron Foundries 18 " NAVSHIPSO

' 37.0300 Iron Forgings 17 © NAVSHIPSO

©37.0801 Metal Heat Treat 7 . NAVSHIPSQ ‘
38.0700 Copper Rolling 9 ' Defense Materials System
38.0800 Aluminum Rolling 9 Defense Materials System
38.0900 Nonferrous Roll, | 9 ; Defense Materials System
38.1000 ' Nonferrous Wire 9 Defense Materials System

| 38.1100 Aluminum Casting 8 NAVSHIPSO ‘

i 38.1200 Brass/Bronze Cast. " | NAVSHIPSO

i 38.1300 Nonferrous Cast. n ! Estimate
38.1400 Nonferrous Forg. 20 " Dpefense Science Board

| 43.0100 Steam Turbines 72 . NAVSHIPSO

" 43,0200 Int. Comb. Engine 44 NAVSHIPSO :

; 49,0200 Ball/Roller Bear. ! 16 the Defense Industry

! 49.0300 |  Blowers/Fans 52 © NAVSHIPSO |

| st.0100 Computing Equip. 16 | De“ense Science Board

; 56.0400 ', Radio/TV Cem. Eq. ; 76 Aircraft Capacity Study

57.0100 : Electron Tubes 25 ‘I Estimate

I 57.0200 ! Semiconductors 25 ‘ Defense Science Board

© §7.0300 I Electronic Comp. 16 . Defense Science Board

© 58.0100 ‘ Storage Battery 26 ’ Defense Science Board

¢ 58.0200 Prim. Batteries i 26 | Defense Science Board
60.0100 ©  Aircraft 5 94 ! Defense Science Board {
60.0200 |  Air/Missile Eng. 82 Defense Science Board
60.0400 ] Air/Miss. Equip. 52 i Defense Science Board !
61.0100 } Shipbuilding | 104 Estimate

. 13.0100 Guided Missiles ‘ 20 Estimate

t 13.0200 Ammunition ' 4 | Estimate

{ 13.0300 ' Tanks 4 : Estimate

13.0500 Small Arms 4 ! Estimate

. 13.0600 Smatl Arms Ammo. 4 | Estimate
13.0]0_07_ - Ortr‘\er Ordna‘nce"_A_‘L; o 4 L ‘L £stimage I

'y GENERAL ASSUMPTIONS FOR REMAINING COMMODITIES: 1

| Weeks a

| Mining 4

5 Agriculture 52

! Servides 1 }

i Assembly Line Commodities 4 I

' Assembly of Heavy Mach. 8

l Fab. of Metal Products 8 ‘ !
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listed source. The Defense Materials System [16] was the only
source of true Process Times. The Defense Science Board [2],

NAVSHIPSO ['!/], and the Aircraft Capacity Study [17] all con-

tain Order Lead Time data. The estimate used for the Process

Time was the smallest Order Lead Time reported in the last

ten years, the implicit assumption being that sometime during !
that period Gueue Time was zero. !

C. DEFENSE REQUIREMENTS |

Non-mobilization defense requirements for 1981 are listed
in Table 1. They were calculated by IMPMOD by multiplying the
defense purchase pattern listed in Table 3 by estimated defense
outlays for FY 1981 and multiplying the resulting final demand
vector by the inverted input-output matrix. Estimated outlays
for FY 1981 were $158.6 billion.! The defense purchase pattern
was developed for the DEIMS model and is based on the FY 1986
Five-Year Defense Plan spending pattern. For this purchase
pattern, commodity spending is 55 percent of total outlays--
the remainder 1is spent on government employee compensation. i
For the years beyond 1981, IMPMOD assumes that defense require-
ments increase in real terms at a seven percent annual rate.? i

D. NON-DEFENSE CONSUMPTION

Estimates of total U.S. consumption for 1981, both defense .
and non-defense, are listed in Table 1. The estimate for non- é
defense consumption was based on Department of Commerce pro-
Jections for 1981 [7]. Unfortunately, 1981 projections for
some commodities were not avallable. For these commodities,
IMPMOD calculated a crude projection by multiplying the 1972 A

10ffice of the Assistant Secretary of Defense (Public Affairs), News
Release, No. 77-81, 4 March 1981.

2Her’schgl Kanter, "The Reagan Defense Budget," Astronautics and Aeronautics, ¢
May 1981.
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Table 3. DEFENSE PURCHASE PATTERN
Sequence  !duntification ' Sequence identificartion ' '
Humoer Number : Commodity Name 1 Cefense Share umber Humbder Commodity Rame Oefense Share
. i i 6u.0100 i Atecraft 065106 ' 66 53,3400 ' Motors/Generators 001374
: 2 ¢ 61.0100 v Shipbuilding 033579 67 ' $3.0500 © Industrial
k) . 13.0300 | Tanks .horar? Controls L0033
4 : 13.0100 | Guided Misstles 045644 68 53.2600 Welding Apparatus 20008C
5 ! 13.0500 . Small Arms .00108! 69 $3.90700 Carbon/Grapnite Prog. .Joocs2
[1 ' 13.0200 | Ammunition : .019040 B 70 53.0800 P Electrical Industrfal
7 i 13.0600 | Small Arms Ammunition 003214 ' Apparatus, n.e.c. 000067
E ' 8 | 13.0700 Other QOrdnance .007007 n ! 54.0000 ‘' Household Appliances 000059
' 9 i 59.0301 | Motor Venicles 006031 : n \ §5.0100 : Electric Lamps ’ 000103
3 ! $9.0200 { Truck Trailers ! .000270 ! n : §5.0200 t Lighting Fixtures 000047
' 11 1 $9.0100 * Truck/Bus Bodies | .00000% 14 $5.0300 i Miring Devices ! 000066
12 ! 60.0200 i Afr/Missile Engines ' 040090 75 §6.0100 ! Radio/Television Sets .000234
' 13 ‘ 60.0400 { Alr/Missile Equipment .030228 ' 76 56.0200 Records/Tapes .90003)
14 61.0300 ! Raflroad Equipment . 000005 mn §6.0300 Telephone/Telegraph 002122
15 59.0302 ! vehicle Parts : 001350 18 56.0400 ' Radfo/Television
16 : 61.0200 doat Building : 000073 i Communications
7 ‘ 61.0500 Motorcycles/Bike . .000004 i Equipment 049415
18 . 61.0601 © Campers 000000 79 57.0100 '+ Electronic Tubes 001695
19 61.0602 Mopbile Homes .0060000 80 57,0200 Semiconductors 000733
20 | 61.0700 Transportation 81 57.0300 I €Tectronic Comp. .00241)
! Equipment : .000000 i 82 : 58.0100 ! Storage Battery 000245
21 | 43.0100 Steam Turbines : 000574 83 , 58.0200 i Prim, Batteries ' .00021¢
H 22 ; 43,0200 Internal Combustion ' : 84 ‘ 58.0300 . X-Ray Apparatus 000046
! Engines . 000631 8s i 58.0400 Engine Elec. '
23 ' 44.0001 Farm Equipment 000056 *_tquipment : .000181
i 24 ' 44.0002 i Garden Equipment .00000) 86 , 38.0500 Electrical Equipment .000077
25 45.0100 i Construction Equipment .Npo724 87 39.3100 i metal Cans .000018
‘ 26 . 45.0200 I Mining Equipment : .00001? : 88 , 39.9200 ' Meta! Barrels 000046
27 ¢ 45.0300 * Qilfteld Machinery i 000003 89 40.0100 + Metal Sanitatfon
! 28 46.0100 i Elevators | .000000 ' . 1 Hardware : 000000
: 29 . £6.0200 { Conveyors | .000046 ! 90 . 40.0200 ' Plumbing Fittings .000001
3¢ t 46.0300 ! Hoists/Cranes 000017 91 ; 40.9300  Heating Equipment ' .000043
n ' 46.0400 t Industrial “rucks/ i 92 ) 40.9%400 | Fabricated Structural
i | tractors . .000180 i Metal © 000332
' R i 47.0100 ' Metal Cutting i 000120 93 40,0500 ! Metal Doors/Trim .000012
' 3 ) 47.0200 ! Metal Forming .000045 . 94 \ 40.0600 ' Boiler Shops .000661
! ' 34 ’ 47.0300 | Special Dies/ Tools ' .000175 ' 95 , 40.0700 " Sheet Metal Work . 000007 .
! 15 47.0401 ! Power Hand Tools | .000039 ' 96 . 40.0800 ! Architectural Metal . .000006 '
! 36 I 47.0402 ' Rolling Mfll Machinery |  .00000) i 97 40.0901 | Prefabricated Metal 8g .000000
| kH 47.0403 ! Metalwork Machinery : 000059 98 ‘ 40.0902 P Miscellaneous Metal | .
i 38 48.0100 | Food Production I ! : I Work ¢ .000080 !
! i Machinery l .000060S | 9 , 41.0100 I Screws/Bolts/Nuts ! .000313
| 39 48.0200 L Textile Machinery ' 000001t i 100 ; 41,0201 | Automotive Stampings .00000C :
40 48.0300 1 Woodwork Machinery : 000008 : 0t 41.0202 i Crowns/Closures . .000000 !
: 1 ! 48.0400 | Papear Industry "ach. .00000Q! 102 . 41.0203 | Metal Stampings ' 000026 '
N 42 Y 48,0500 | Printing Machinery .000033 1103 42.0100 | catlery .000002 i
! 43 ! 48.0600 . Special Machinery ) .000240 | 104 42.0201 | Hand/Edge Tocls : 000136 '
g : " ! 49.0100 | Pumps/Compressors 000345 ' 105 42.0202 | Hand Saws 000001 .
‘ | 45 ' 49.0200 ' Ball/Roller Bearings 900330 ' 106 , 42.0300 | Kardware ' 000085
4 ! 46 ! 49,0300 8lowers/Fans .00004S 107 42.0401 Plating/Polishing : 000079 '
i ! 47 . 49.0400 * Industrial Patterns .J00000 108 42.0802 + Metal Coating ' 000043
48 19.0500 Pawer Transportation 109 42.0500 - Fabricated Wire
a . fquirment .J00039 Products 000039
49 ' 49.0600 Industrial Furnaces/ 19 42.1700 Steel Springs .Q000g0
’ R Qvens .sgoon m 42.3800 | Pipe/Valves/Fittings 000334
50 : 43.0700 | General Macntnery ' 000234 12 42.1000 | Metal Foil/Leaf .000007
51 : 50.¢001 i Carburetors .000000 13 42.1100 Fabricated Metal
52 50.0002 ' Machinery 00306 I droducts 000288
! 53 ' 51.0101 © Computing Equipment 003062 114 ir.ono 1 Blast Furnace/Mills ' .000323
54 51.0102 . Accounttng Machinery .€C0038 s 37.0102 | Electro/Metal Products 000004
' 55 . 51.0200 Typewriters .000021 116 37.0103 ' Steel Wire . 000055 !
I 56 $1.0300 i Scales/Balances 300021 117 37,0104 Cold Finrshing Steel Q00000
N 57 ! §1.0400 i Qffice Machines 000094 : 121:] 37.0108 t Steel Pipe : 000000 !
$8 : 52.0100 Automatic Mercnandising 19 37.0200 ' [ron Foundries ' .00008? |
i | Machinery 000000 120 37.0300 | Tron Forgings ' .000000 |
- ! 59 ! 52.0200 Commercial Laundry : 121 37.0401 . Metal Heat Treating .000015 !
! | i Equipment .000028 : 122 37,9402 ' Primary Metal Products ! 000278 :
v 60 . 52.0300 Refrigeration/Heating 123 38.0100 Primary Copper ’ 000006 '
, Equipment Qv 25 124 38.0200 " Primary Lead 000000
51 ' 52.0400 Pumps 00001 125 38.2300 Orimary Zinc 000000
62 $2.0500 Service [ndustry 126 38.0400 - Primary Alumfinum 000078
! Machinery 000044 127 3R.0500 ' Primary Nonferrous . .000000
. 63 ¢ $3.0100 Inst. Meas. flec. 002218 128 38.0600 * Secondary Nonferrous - . 000000
54 ! §3.0200 ¢ Transformers 000267 129 . 38.0700 ' Copper Poiling 000012 .
- [1] { §3.2300 ' Switchqear Apparatus 000204 ) 130 38.0800 v Alyminum Rolling v .000012 {
{Conttnued?
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| Table 3. (Concluded)

Sequence | [dentification M yr | Sequence | Identification | ! ;
. Number | Nusber | Commodity Name | Defense Share |  Number . Number ) Commodfty Name { Defense Share
L
i 1 38,0900 | Nonferrous Rolling | 000015 119 | 36.0800 I Clay Refractorfes *".oo0000 '
' 132 ! 38.1000 | Nonferrous Wire | .o00118 i 194 : 36.0500 Structural Clay Prod. " -000000C !
:3] i 38.1100 + Aluminum Casting i 000015 ‘v 195 ‘ 36.9600 | Plumbing Fixtures ! 000000 .
Kl ‘ 38.1200 | Brass/Bronze Casting | .000027 | 196 36.0701 ! China Utensfls I .000000 i
i 135 | 38.1300 Nonferrous Casting 000000 | 197 | 36.0702 Earthenware Utensils 000000
136 38,1400 Nonferrous Forgiag . .00000! 198 | 36.0800. Porcelain Elect. 000000
I 137 62.9100 Eng./Sct. [nstruments .005827 { 199 l 36.0900 Pottery Products .000005
i 138 62.0233 Measyring lflev(cls .000708 ;81]) ;:}‘Dgg : Eomreu Elogk i ,mooom
139 62,03 Automatic Temperature . oncrete Products .
Controls .000000 ' 202 ( 36.1200 ! Ready-Mix Concrete 1 .000000
[ 140 62.0400 Medical lnstruments .000267 | 203 ! 36.1300 I Lime t 000000
' 141 62.0500 Surgtcal Supplies 000627 l 204 i 36.1400 } Gypsum Products ’ .000000
i 142 62.0600 | Oental Suppiies 000049 205 t 36.1500 { Cut Stone Products b .000001
| 18 62.0700 ! Watches/Clocks 000403 1 206 ! 36.1600 | Abrasive Products 1 .000005 t
| 144 63.0100 Optical Instruments .000284 | 207 1 36.1700 t Asbestos Products P .000041 i
i 145 63,0200 Ophthalmic Goods .qo0170 | 208 \ 36.1800 { Gaskets/Packing 1 000000
i ;lg 63.0828 ! Photo‘gl;lpnlc Equipment .003796 " ;lllg t gg;ggg ; ::nera}su . ; ggggg
4 64.0 Miscellaneous ! . neral wWoo [
| Manufacturing, n.e.c. 000553 " 36.2100 Non-Clay Refractortes |  .000000
e 150000 | Tobaceo Hesut “a00000 H i | e | oo00ee
I 9 . obacco Manufactyrin .00 . vestoc
. 150 16.0000 Fabric Mills ¢ 000337 214 | 2.0000 i Agricultural Products I 000164
i :g; 17.0000 Miscellaneous Textiles 4000?217’ ’ g{: ’ igggg :ores:ry :V‘O‘I:C!S gg&‘)g: 3
i { 18.0000 Apparel .0a1 . orestry Service |-
l 183 : 19.0000 ' Hisccll?neous Fabric e 5:; ! 28(‘183 ! éron Or;iﬂ:ning | gg%gg '
{ Textiles t .001 ! - Oopper Mining [ !
| 154 ! 20.9000 Wood Products i .00009 ! 29 b £.0200 ! Nonferrous Mining i .000000 '
. 185 { 21.0000 Wood Containers ' .000046 ‘ 220 : 7.0000 | Coal Mining [ .000502 t
! 156 ) 22.0000 Household Furniture v .000086 | 221 f 8.0000 I Crude Petroleum . 000000 !
O R meuhe o oems o om | gmsmdin, me
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input-output study purchase pattern by estimated GNP in 1981,
and then multiplying the resultant final demand vector by the
inverted input-output matrix. Projected defense consumption
was then subtracted. The estimate of GNP for 1981 was $2861.7
billion.! For the years beyond 1981 it is assumed that con-
sumption grows at an annual real rate of 2.9 percent.?

E. PRODUCTION CAPACITY

Table 1 lists 1981 production capacity estimates for all
commodities except mining, agriculture, construction, and
services. These estimates are based on a survey of plant
capacity done by the Bureau of the Census [3]. The capacity
level represents what is defined in Reference [3] as Practical
Capacity, it being "the greatest level of output that can be
achieved within the framework of a realistic work pattern.”" It
is assumed that sufficient labor, materials, utilities, etc.
are avallable to utilize the facilities currently in place.

The latest detailed survey was done in 1978. The 1978 utiliza-
tion percentages were updated to 1981 by multiplying each by
the ratio of aggregate capacity utilization in 1981 to that

in 1978. Aggregate capacity utilization was 84 percent in

1978 and 78 percent in 1981.°

One further adjustment was made to the capacity levels
for three commodities. It was felt that the Census Survey
did not take into account designated mobilization producers
for defense end items. For tanks, large caliber ammunition,
and small arms ammunition, the DoD mobilization capacity

!Eckstein, Leahy, Probyn, Impact of Defense on the United States Economy--
Macroeconomic Effects, Data Resources, Inc., October 1980.

2Richard Kaufman, A Simulation of the Economic Effects of President Reagan's
Figcal and Monetary Proposals 1981-1984, Staff Study, Joint Economic
Committee, U.S. Congress, 1981.

YSurvey of Currvent Business, June 1980, p. 25, and March 1981, p. 31.
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levels were used in setting the capacity levels. IMPMOD projects
capacity levels beyond 1981 by assuming that they grow at a

2.9 percent annual rate, the assumption belng that capacity

grows at the same rate as GNP. A refinement of IMPMOD would

be to use different expansion rates for each commodity. For
this initial study only the aggregate rate was used.
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Chapter IV
MODEL RESULTS

A. RESULTS DISPLAYING MODEL STRUCTURE

1. Critical Path Networks

IMPMOD has the capability of plotting a critical path
network for each commodity. Figure 4 portrays the supplier
networks for the aircraft industry. Plots for the eight
commodities listed as military end items appear in Volume II,
Appendix B. For these plots, six tiers of indirect commodity
usage are displayed. In IMPMOD the network has an unlimited

; number of tiers, but at this level of commodity aggregation

- most production paths have cycled through to a basic commodity,
such as mining, by the sixth tier. Each tier includes the 20
most significant commodities.! The commodities are arranged
in ascending order of their contribution, in terms of dollar
value, to the production of the end item.

Each box 1in the networks of Figures 4 through 6 contains

the commodity name and three numbers; a line connects each

box to a box in the previous tler. The line denotes that the
commodity 1is directly required in the production of the

commodity in the previous tier. As an example from Figure 4,

the following sequence of commodities 1s such that each commodity

i1s directly required in the production of the previous commodity:

® Alrcraft,
e Alrcraft/Missile Equlipment,

IThe calculations in IMPMOD include many more than these 20 commodities.
For aircraft there are 115 commodities in the first tier, as calculated in
IMPMOD, and the full 250 commodities in each of the remaining tilers,
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Aluminum Rolling,

Primary Aluminum,
Nonferrous Mining,
Industrial Chemicals, and

Crude Petroleum.

The number in the upper left corner is the number of dollars of
the commodity required in the production of one dollar cf the
commodity preceding it in the previous tier. The number in the

upper right corner 1is the amount of value-added in the produc-
tion of the commodity. That number represents the fraction of §
a production dollar devoted to non-material items such as F
labor, profits, rents, and taxes. The number in the lower

right corner 1s the number of dollars of commodities required

in the production of one dollar of the boxed commodity that

are not accounted for by lines emanating to commodities 1in the

following tier. As an example, consider the third commodity

in the first tier of Figure 4--Petroleum Refining. For every

dollar spent on aircraft production, 0.0026 dollars 1s spent

on buying products directly from petroleum fefiners. For

R every dollar spent on refined products, 0.2436 dollars 1s spent

on non-material items such as labor, profits, and rents while

0.4914 dollars 1s spent on crude petroleum and 0.2652 dollars

is spent on other commodities.! '

Ry

An interesting observation is to note that the lowest com-
modity in each tier contributes the most in terms of dollar

it -

value to the productlon of the end item. For alrcraft,
electronic components contribute the most in the second tier.
For shipbuilding and small arms manufacturing, it 1is blast
furnaces and steel mills.

INetworks for other principal defense end items appear in Volume II,
Appendix B.
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2. Individual Commodity Expansions

Figures 7, 8, and 9 show time-phased indirect requirements
based on a surge in spending for three end item commodities--
aircraft, ships, and tanks, respectively. In each case, one
billion dollars in end item deliveries was required, with the
figures showing the induced requirements for three supporting
commodities over a period of 152 weeks prior to delivery of
the end item. It is interesting to compare the critical path
networks (Figures 4, 5, and 6) with the induced requirements.

By doing so, one can see how requirements vary depending upon

what tiers are required for the indirect commodity and what

. the associated time delays are. Surging one commodity is

; similar to the type of analysis done in lead time studies.
IMPMOD is unique in the fact that it can surge all commodities
simultaneously and time-phase the induced requirements.

B. REQUIREMENTS FOR INDUSTRIAL MOBILIZATION

. -~ .‘47-':“‘" ~

In this section we describe the general model outputs.

-

We start by describing the major parameter values used in

~

making the model runs and then describe the resulting plots
produced by IMPMOD.

»

1. Assumptions

As discussed in Chapter I, four major assumptions must be
specified in defining the industrlal mobilization. The first
major assumption 1is the amount of the surge. For this study

. we ran two expanslon levels. They represent a 50 and 200
percent increase 1in the defense budget. These levels bracket
those assigned to the Under Secretary for Research and Engil-
neering for mobilization planning. We arbitrarily chose three
years as the duration of the expanded funding and used estil-

mated outlays for defense for FY86 (which amounted to $240
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billion (1981 dollars))! as the basis for that expansion.
The resulting total dollars are as shown in Table 4 below.

Table 4. ADDITIONAL OUTLAYS ASSOCIATED WITH
SURGE IN PROCUREMENT

Total Additional Spending
Expansion Level Over Three Years
(Percent of FY86 Outlays) | (Billions of 1981 Dollars)

50 360
200 1,440

The second major assumption 1s the pattern of spending.
Here we used the defense- purchase pattern, shown in the budget
estimate for FY86 in DoD's 1982-86 Five-Year Defense Plan.
In our industrial mobilization we are implicitly assuming that
DoD buys aircraft, ships, tanks, etc. in the same ratio as
was planned for FY86. We have modified the purchase pattern
in only one way--that 1s, all spending is directed to material
items. Forty~-five percent of the defense budget for FY86 was
for government employee compensation; this includes civilian

and military pay as well as a significant percentage for
retirement benefits. 1In a mobllization it 1s not clear how
employee compensation would Increase. In the runs made in this
study we have assumed that 1lncreased defense spending goes
entlirely towards buying material items and not towards buying
a larger civillan or military work force. Thus the 50 and 200
percent expansion levels in total spending equate to 91 and 3
364 percent expansion levels in the procurement, research and

development, operations and maintenance, and military construc- !
tion categories.

loffice of the Assistant Secretary of Defense (Public Affairs), News
Release, No. 77-31, March 4, 1981.
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The third major assumption choice 1s when the mobllization
occurs., Here we assumed a ten-year planning period (FY81
through FY90). End item deliveries must end by the final week
of FY90 and induced requirements are calculated back through
FY81.

The last major assumption 1s the end item delivery pattern.
The expansion level and purchase pattern determine which and
how much end item commodities are actually bought. A critical
parameter 1s the timing of the delivery of these end items.
I€ dellvery is spread out over a long period of time, the
maximun induced requirements will be minimized while the time
span of induced requlrements will be maximized. The opposite
1s true i1f the dellvery perlod 1is very short. What this means
is :that if the U.S. must bulld up its forces quickly, then the
delivery period must be short and the resulting production
capacity requirements will be large. If the assumed time to
build up the forces 1s longer, then production capacity require-
ments will not be as severe. In making the model runs we
assumed three different delivery patterns. We assumed that
(1) the same pattern applied for all commodities and (2) that
delivery was uniform over a period ending in the last week in
FY90. The three delivery periods were:

e one year (FY90)
e three years (FY88-90)
e five years (FY86-90).

A significant assumption made in plotting the results was
that non-defense requirements were not reduced by the mobiliza-
tion. In theory, defense requirements could replace non-defense
consumption to some extent. The mechanism could be either
specifically applied rationing or more general taxes. We
chose not to reduce non-defense consumption since such a reduc-
tion was not observed during World War II, the Korean War, or
the Vietnam War (see Reference [18], page 25). Historically,
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austerity has not been part of the American wartime experience
except for the elimination of some nonessential consumption
through controls and rationing geared to economize on critical
materials.

2. Time-Phased Requirements and Production Capacity

Volume II, Appendix C contains time-phased requirements
and estimated production capacity for 24 of the 250 industries
included in the model. These 24 industries are those most
affected by the defense surge. The selected commodities
include 13 commodities where a 50 percent surge caused require-
ments to exceed estimated capacity. The remaining 11 commod-
ities were selected to ensure incluslon of at least one
commodity from each major industrial grouping as well as
additional commodities in the key areas of Military End Items
and Primary Metal Manufacturing. Plots for four of these
commodities are shown in Figures 10 through 13. These four
commodites--~Guided Missiles, Tanks, Nonferrous Forgings and
Primary Zinc--had requirements which most exceeded estimated
capacity.

Four simulation runs were made for each commodity. The
parameters for these runs were chosen so as to cover a reasonable
range of expansion levels and end item delivery periods. The
cholce was to make three simulations at the 50 percent expansion
level (defense surge of $360 billion) while setting the end item
delivery period at one year, three years, and five years. One
final plot was made at the 200 percent expansion level (defense
surge of $1,440 billion) with a delivery period set at five
years. Runs for additional expansion levels were not done since
they can easily be derived from the 50 percent expansion level
run. (A 100 percent expansion level run can be cbtained simply
by scaling the defense surge requirements by a factor of two.)

Each plot has four lines. Total U.S. requirements have
been split into three categories (each represented by a line)--

52
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Nondefense Consumption, Defense FYDP Requirements, and Defense
Surge Requirements. The fourth line represents production
capacity. Both the capacity and requirement lines are in terms
of millions of dollars in process per week. "In process"

means that a commodlty 1s counted as a requirement the week it
is required for delivery as well as the previous weeks during
its production. This allows a meaningful comparison between
capaclity and requirements. Nondefense Consumption represents
commodity requirements needed to support non-defense U.S.
consumption. Defense FYDP Requirements represent commodity

requirements needed to support peacetime defense needs. The
estimate 1s based on the Carter FYDP spending pattern for FY86
which has been scaled to Reagan's total planned spending for

defense. Defense Surge Requlirements represent the extra
commodity requlrements needed to reach the assumed defense
expansion level. Production Capacity represents the maximum
output obtainable from existing U.S. production facilities
(though possible substitution is not taken into account).

Of the four commodities shown in Figures 10 through 13,
requirements for Guided Misslles and Tanks are almost entirely
due to direct defense requirements, and as a consequence, the

shape of thelr requirements curves are straightforward. On
the other hand, requirements for Nonferrous Forgings and
Primary Zinc are almost entirely due to indirect requirements,
and it 1s here that the effect of IMPMOD's time-phasing can

be seen. As an example, Flgure 12 shows Nonferrous Forglngs
wlth a 50 percent defense expansion and a delivery period of
one year. The flrst thing to note 1s that peacetime defense
requirements consume about one-third of current production.
The next thing to note 1is that requirements exceed capacity in
FY88 and FY89. The Defense Surge Requirements curve represents
the latest time that Nonferrous Forglngs could be produced
before causing a delay 1n the dellvery of one or more defense
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end 1tems. While excess requilrements cannot be produced later
in time, they can be produced earlier. Doing so would force
one to start the industrial mobllization of Nonferrous Forgings
sooner in time unless large inventorles were available. It
would also push earlier in time the requlirements for any
commodity required in the production of Nonferrous Forgings.

A major question is: What inference can be drawn from
these results concerning which industrial mobilizations are
feasible and which are not. Table 5 summarizes that data
from the results of Volume II, Appendix C. The Maximum Surge
Amount represents the largest expansion possible before
requirements exceed capacity. The Minimum Surge Length
represents the fewest number of years prior to the end of
FY30 that industrial mobilization must begin. It 1s assumed
that mobilizatlon production must begin when surge requirements
exceed ten percent of peacetime requirements. (The implicit
assumption is that at this level all inventories have been
exhausted.) Notlice that as the delivery period increases, the
Surge Amount and Length 1ncreases also. Thus, one can
accommodate a larger defense surge if one is also willing to
start 1t sooner. The most interesting feature of Table 5 is
that the commodities which most constrain the defense surge,
both in terms of capacity and duration, are invariant to the
delivery period. These commodities are:

Tanks,

Guided Missiles,

Primary Zinc,

Nonferrous Forgings, and

Engineering and Scientific Instruments.
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Chapter V
CONCLUSIONS

In this final chapter we review the most signiflcant
assumptions made in generating the results of the previous
chapter and discuss thelr impact. We then summarize the results
of the study and discuss theilr implications concerning the
mobilization capability of the U.S. economy. We conclude with
a discussion of how IMPMOD might be used by DoD.

A. MAJOR ASSUMPTIONS AND LIMITATIONS

DoD must make planning and budgetary declislons based on
how the U.S. economy will react in a mobilization. The motiva-
tion for the development of IMPMOD was to provide an analytic
tool for making those decisions. The goal was to generate only
a rough approximation to what might happen, as current economic
models have a difficult time predicting how the economy will
perform in peacetime, let alone during a defense mobilization.

Even though IMPMOD is a rather large program with a very
large data base, it 1is extremely simplistic relative to the
U.S. economy which it models. Many assumptions have been made
in generating the results contalned in this study. Assumptions
were chosen so as to be most reasonable withlin the constraints
of available data and programming effort. Table 6 contains
the seven assumptions which, in the opinion of the author, most
strongly affect the results.

The first assumption in Table 6 is Commodity Aggregation.
The commodity categories are ¢ irly aggregated. As an example,
Nonferrous Castings includes many types of titanium and beryllium
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Table 6. MAJOR ASSUMPTIONS

Commodity Aggregation--All commodities in the U.S.
economy can be treated as aggregated groups at
the 7our-digit Standard Industrial Classification
code level.

Defense Purchase Pattern--In a future mobilization,
DoD purchases will be in the same pattern as
ptanned for FY 1986 in the Five-Year Defense
Plan.

Defense Delivery Pattern--All defense end items
are delivered according to the same time-phased
pattern during a mobilization.

e Non-defense Spending--Total non-defense spending
is not reduced during the mobilization. Non-
defense U.S. consumption is in the same pattern
as experienced in 1981 and grows at the rate
projected for GNP.

Commodity Process Times--Production process times
for individual commodities can be estimated
based on the smallest order lead time observed
over the past ten years.

Commodity Queue Times--Commodity queue times can
be negiected. In effect, capacity constraints
are assumed to be non-binding in computing
production delays.

e Production Capacity--The production capacity
growth rate is unchanged during the mobilization.

castings. The possibility exists that for a particular type
of casting, requlrements exceed capacity, whereas for the
aggregate, that 1s not the case. On the other hand, the data
for the aggregate commodity can be viewed as a bound. If the
aggregate commodity requirement exceeds capacity, there will
be problems for one or more particular commodities. As an
example, suppose that there are N types of Nonferrous Castings:
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e If Req > Cap, then Reqi > Capi for some type of
Nonferrous Casting 1.

e If Req < Cap, then Reqi > Cap, may or may not
occur. (The wider the gap be%ween total
requirements and capacity, the less 1likely the
chance of capacity problems for individual items.)

Commodities can be disaggregated, as explained in Chapter II,

but deing so would require a substantial amount of additional

data.

In a speciflic mobilization, defense spending patterns
will almost surely differ from the FYDP plan. In a conven-
tional scenarlo, non-nuclear forces would probably be built
up faster than nuclear forces. It would be most appropriate
to run IMPMOD wilth a range of spending patterns, but it is felt
that the FYDP plan 1is a good first run. Similarly, the
delivery patterns for different defense items will almost
surely differ in a real mobilizatlon with short lead time
items, with those required first delivered first. Without
having time to collect additional data, we chose a uniform
delivery pattern. The bilas of thls assumption 1s probably
to skew requirements towards the end of the mobilization
period. Non-defense spending will also likely be different
from 1981 spending patterns, though exactly how 1s difficult
to predict.

The estimates for the commodity process times are probably
the poorest data in the model. This was caused by the fact
that very little process time data are collected, and in some
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commodity categories such as Shipbuilding, process times

vary greatly within the category. For this reason, the esti-
mates used here should be reviewed and sensitivity runs made.
IMPMOD does not model commodity queue times. 1In reality, if
requirements exceed capacity, then some commodity requirements
will have to walt in a queue. IMPMOD, as currently programmed,
flags the fact that requirements exceed capacity but does not
increase production delays because of 1t. The bias created

by this assumption is probably to increase requirement peaks
but shorten the time span durlng the mobilization period.

The final assumption listed in Table 6 is that IMPMOD
does not model the fact that production capacity can be
expanded during a mobllization--incurring time delays and
requiring commodity inputs. The blas introduced by this
assumption is to underestimate capacity later on in the
mobllization period while also underestimating some commodity
requirements early in the mobilization period.

B. MOBILIZATION CAPABILITY OF THE U.S. ECONOMY

An important question 1is: What commoditles would first
constrain an industrial mobilization based on a military
expanslion? There are two ways of answering this question.
Table 7 shows the ten commodities which would most exceed
estimated production capacity. For these commodities ocone
might want to concentrate efforts to encourage capacity
expansion. Table 8 shows the ten commodities with the earliest
surge in requirements. For Primary Zinc one must increase
production four and one-half years prior to final delivery
of the defense end items or have on hand a substantial
inventory. For these commodities, one might want to concen-
trate efforts on encouraging inventory buildup or actually

include these items in the Stockplile of Strategic and Critical
Materials.




Table 7. THE TEN COMMODITIES MOST CONSTRAINED
BY EXISTING PRODUCTION CAPACITY
(BASED ON A ONE-YEAR DELIVERY PERIOD)

Commodity

Maximum Expansion
Before Capacity
is Reached!

How N -
e e e e

O W O ~N Oy Ot
« s e e s .

Guided Missiles
Tanks
Primary Zinc

Engineering and Scientific
Equipment

Nonferrous Forgings
Aircraft/Missile Equipment
Electron Tubes

Explosives

Other Ordnance

Radio/Television
Communications Equipment

7
13
13

15
17
22
25
25
25

39

lExpressed as a percentage of estimated capacity in 1986.




Table 8. THE TEN COMMODITIES WITH THE EARLIEST
SURGE IN REQUIREMENTS (BASED ON A ONE-
YEAR DELIVERY PERIOD)

[ Lead Time Before
Surge in End-Item
Commodity Delivery Occurs!
1. Primary Zinc 3.5
2. Nonferrous Forgings 3.3
3. Nonferrous Castings 3.1
4. Aircraft/Missile Engines 3.0
5. Aircraft/Missile Equipment 3.0
6. Radio/Television Communications
Equipment
7. Plating and Polishing
8. Semiconductors

Aluminum Castings

N NN W W
- . . . .
N O 00 O O

10. Primary Aluminum

'Years. Thus, an increase in primary zinc production is
required 3.5 years before delivery of the additional
defense end items which (directly or indirectly) use the
zinc.

There are four commodities common to both lists:

Primary Zinc,

.

e Nonferrous Forgings,

® Alrcraft and Missile Egquipment, and f
°

Radlo, Television, and Communications Equipment.

These commoditlies deserve speclal attention. A first step
would be to make sure that our aggregation assumptions have

not led us astray. It could happen that a particular commodity
is used in the prdduction of commercial items but not defense
items; since we are dealing with aggregates we could end up
surging a commodity that 1s not used by defense. A first

LX)
‘e
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check can be made by looking back at the critical path networks
of Chapter IV. Of the eight defense end items with networks,
three use Primary Zinc:

e Tanks--~through Nonferrous Castings,
e Aircraft--through Aircraft Engines,
e Small Arms Ammunition--through Copper Rolling
and Primary Copper.
A more detalled check might entall a Department of Commerce
study of that commodity.

An interesting question is: What production tier most
constrains U.S. mobilization capacity? 1Is it commodities in
the lower production tlers or end item assembly itself? 1In
the past, DoD has directly funded end-item production capacity,
and the U.S. Government has stockpiled commodities at the
lowest tilers (primarily raw materials). Many people have
expressed concern about the adequacy of production capacity
between these two extremes. Tables 7 and 8 show that commodi-
ties representing most of the production tlers are in the list
of commodities which most constrain a mobilization. End-item
commodities head the 1list most constrained by production
capacity, and primary commodities head the list with the
earliest surge requirements. The primary commodities, such
as Primary Zinec and Nonferrous Forgings, probably deserve the
most attention as these commodities would be required first
in a mobilization and there would be little time to expand
capacity or build up inventories.

Figure 14 summarizes the results. Given the assumptions
we have made, 1t shows which defense expansions are feasible
with existing production capacity and which are not feasible.
If we must have completed end-item deliveries within five
years (read the Five-Year Surge curve), then a defense surge
of $90 billion above FYDP spending can be accommodated if
the delivery period is one year. If the delivery periodis

67




SNOISNVdX3 3SN3430 379ISvV3Id ¢ dunbyryg

[ o 1Y)

$
68

2
-

(s:9990 LOSL )0 Suomg) JBYNS 3IN3430

- SNOISNVdX3 I8N3430 TTMSV




elther longer or shorter, the size of the feasible defel:se
surge decreases sharply. The Figure also shows that if the
time span allowed for the mobilization 1s lengthened, the
feasible region increases. The curves were constructed such
that above any curve the requirements of at least one commodity
exceeds 1its production capacity (below the curve none do). In
general, end-item'commodities, such as Guided Missiles and
Tanks, define the shape of the left side of each curve, while
primary commodities, such as Primary Zinc and Nonferrous
Forgings, define the right side. Allowing capacity expansion
would probably significantly increase the left side of each
curve but would probably not affect the right side.

! C. USES OF IMPMOD

IMPMOD is the only model (of which the author is aware)
' that is both comprehensive and takes into account production

processing delays. Both of these factors are very important
; in mobilization planning. On the other hand, IMPMOD 1s based r
»3 on many assumptions which are handled better by other models,
y and a potential user must make a judgment as to which factors f
he feels are most important in answering his questions. For

large surges 1n defense spending, the author feels that IMPMOD
1s the best model to use for identifying areas of the U.S.
industrial base which would most constrain such a surge. For
small surges, or when the delivery period i1s stretched out

over a long period of time, production delays are not as sig-
nificant and other models may be adequate to compute industrial
requirements.
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