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Chapter I

AS SES S IN G THE ADEQUA C Y AND A C C U R A C Y  OF
ESTIMATES OF STOCKPILE REQUIREMENTS

The objective o~’ stockpiling critical and strategic

materials is to prevent a dangerous and costly dependence upon

foreign producers by the United States in a time of national

emergency. The U.S. government held inventories of over $7

billion worth of’ materials in 1975 under the authority of the

Strategic and Critical Materials Stockpiling Act. 1 The

stockpiling function has been carried out by the Federal Pre-

paredness Agency 2 (FPA) since 1973, when stockpiling activities

were delegated to the General Services Administration.

The quantity of materials held by FPA represents the

shortfall between the estimated requirements of the material

needed to support a large—scale mobilization and estimates of

what could be supplied in emergency conditions . To determine

the quantity of matarials needed , an econometric model is

employed to project material needs under wartime conditions.

Stockpiles are to be maintained for the first year of’ a conv en-
tional war fought simultaneously in Europe and Asia. The

size of the mobilization is geared to troop strength estinates;

the need for essential military and milItary—supporting material
follow the troop— strength estimates closely. Supply estimates

reflect known sources in the United States and foreiRn countries ,

and judgments concerning the accessibility of these sources

1At 50 U.S.C. 98 et s~~. Reprinted in Federal Preparedness Agency, “Stock—piling Report to the Congress,” (Jan—Je, 1975), pp. 28—32.
2 Formerly the Office of Preparedness , formerly the Office of flnergency
Preparedness .
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in wart ime . Al lowance is made for fore ign capac i t i e s  and the
risk of t r anspor t ing  mater ia ls  in wart ime .

The d i f fe rence  between es t imated needs for a material~
and its ava i l ab i l i ty  is the stockpile objective. The objec-

tive is zero if the d i f f e r ence  between mob i l i za t i on  needs and
supply is zero or negative ; the objective is positive if

requirements exceed supply. Current objectives , present

inventory levels , excess quantities of materials , and the

quantities which Congress has authorized for disposal are

published periodically by FPA .1 Changes in objectives occur

with new requirements or supply data , and materials may be

added to or deleted from the stockpile as new data enter the

calculation of objectives. New materials are considered for

stockpiling by surveying relevant government and private sources ,

and upon the recommendat ion of the Nat ional  Materials  Advisory
Board .

The purpose of this report is to assess the adequacy and

accuracy of the computational procedures used to determine the

requirements for critical and strategic materials during a

mobilization. Basically, this assessment will accept the

scenario of conventional war and the other geopolitical factors

that enter the model as data. The objective will be to assess

the adequacy of the economic assumptions employed in building

the model , and the accuracy of the resulting projections . The

narrow focus on the implementation of the model allows us to

side—step a number of’ troublesome policy questions , an d to
consider the technical details of economic model—building

apart from them.

A.  AN OVE RV I E W  OF THE MODEL

Figure 1 outlines the computational procedures used by

FPA to compute stockpile requirements. Given a list of candidate

1”Stockpiling Report to the Congress,” op. cit.
2
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materials , the requirements are projected using the procedures

outlined on the left side of the page ; the availability of’

materials is computed using those on the right . The difference

between these estimates is the stockpile objective shown at

the bottom of the figure .

The availability of materials will be of little concern

in this report . The estimates depend on domestic and foreign

production capacity, and these are adjusted for the effects

of war . Adjustments are made to these estimates for the

willingness of the political :egime controlling the source of

supply to trade with the U.S. in time of war , and for losses

which may be inflicted upon supply lines by the war itself.

These assumptions may be quite controversial in many instances

and the value of the assumptions employ’d may be debatable , but

they are generally a straightforward set of’ calculations .

There is little chance of inadvertantly entering assumptions or

data which are not easily interpreted by policy—makers or

others using the calculations.

The calculation of material requirements is not accomp-

lished in such a lucid manner; the result is more of a black—

box with inputs and outputs having no simple relationship. The

assumptions employed are often difficult to adequately judge out

of context of the system as a whole , and the system is 1ar~e

and not amenable to easy interpret .at~ ons. A lack of’ documenta-

tion and an inability by FPA to convey the adequacy of the

technical details of this model have led to some misgivings

concerning its usefulness. Accordingly, our assessment has

centered on these aspects.

The requirements are generated by initially dividing the

total output of the U.S. into its constituent uses——consump—

tion , investment , government spending , and net exports. The

uses of income during a mobiliza tion are projected with the

3
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I

use of a large macroeconomic model and a substantial number

of’ policy judgments. Although the statistical relationships

of the model are used to forecast some variables , policy

judgments finally determine the uses of income : enforced

austerity reduces consumption , housing construction is post-

poned to reduce some categories of investment , new defense

needs push ~,overnment spending up, and foreign markets are
affected by the war . Total income is forecast by the model ,

but policy assumptions determine its composition.

The uses of income are transformed into final demands

imposing requirements on 86 industries. The demands on each

industry——aircraft , household appliances , motor vehicles ,

etc.——imposed by each use of income are computed using “bridge ”

tables; which are taken from published sources or constructed

by FPA . Given final demands , the direct and indirect require-

ments of all 86 sectors  are computed using an input—output
model .  The to ta l  output  of each industry is that imposed by

each use of income plus intermediate requirements.

Mater ia ls  ( the  computa t ion  of the  requirements  for mater ia ls
is the purpose of the model) enter the calculations only after

the total requirements of each industry are computed . Every

material has its use determined in each of the 86 sectors , and

the quantity of every material used per dollar of total

output by the (i)th industry is computed. The utilization of

a material by the (i)th industry , C1, is defined

= 
quantity of material

i dollars of output

and is called the consumption ratio. If Q1 is the output re-

quired of industry (i) in a mobilization , the use of the

material by this industry is assumed to be
P

5
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N1 = C1Q1.

Total use of the material by all i = 1, . . .  ,n industr ies  would
be

n n -)

M =  ~~M = 
~ C Q ~

(j) ~~ (1) ~

The consumption ratios may be adjusted for trends in technology

with in  each industry , or for substitution in some cases.

The requirements for each material are compared to the

supply estimates. If requirement s exceed ava i l ab i l i ty ,  a
positive objec t ive  is established .

B. A SS ESSING THE ADE QU ACY O F THE MODEL

If the adequacy of the model is to be addressed in a

meaningful way , then some a pr io r i  criteria need to be estab—

lished against which the model can be judged . A model is an

abstraction , of course , and it is unlikely that any computable

model can be constructed that handles all aspects of a large—

scale mobilization very well. Indeed , as we will see , the
FPA model handles some key aspects quite well , but at the

expense of some inaccuracy being imposed in other areas. In

this section the economic problems Imposed by a mobil izat ion
will be considered in simple , abstract terms to sort out a set

of criteria to assess the adequacy of the model. The relevant
questions posed by the mobilization problem come quickly to

the forefront once this is done .

1. The Shor t-Run Impact of M obilization

During the first few months of a mobilization , the capacity

of most producing Industries is likely to be fixed. It may

be possible to expand output substant ia l ly  beyond current
production levels by using two or three shifts , some older or

6
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less suitable plants , or other extraordinary (and increasingly

expensive) means , but a real upper bound on output finally

exists. This short—run problem will be considered first , with

the longer—run problems of capacity expansion considered later.

a. Expanded Militar y Requirements

As an example , consider the requiremetns  for t ruck  pro-
duction in a mobilization. In Figure 2 suppose that the

curve S is the cost per unit (the vertical axis) as truck

production increases (on the horizontal axis). The curve is

relatively flat over a wide range of production levels , but

it begins to rise sharply as production approaches the capa-

city output , T0. This increasing cost results from the use of

multiple shifts , less highly skilled labor , older or less

suitable tooling, etc., all of which forces costs to higher

levels. At T0 no more production is possible at any reasonable

cost and this level reflects the capacity constraint in the

sho r t—run .

Suppose R~ is schedule r e f l e c t i ng  the number of trucks

that would be purchased at various prices during peacetime .

This reflects both the civilian and military need for trucks

and assumes that more trucks are purchased at lower prices

than at higher prices. The price per truck covers the produc-

tion costs at ~~ and T~ units are purchased at a price of
dollars each. This is an equilibirum , as higher prices

discourage consumer purchases but encourages production. The

resulting excess output forces prices down as producers are

unable to sell their total truck output . Lower prices have

the opposite effect of creating a demand for trucks , but

not adequately covering production costs.

A mobilization expands the requirements fo~- trucks . A

p hIgh proportion of the truck requirements will be associated

with urgent , new military needs. At every price level more

7
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trucks would be purchased than in peacetime , and the schedule
of requirements shifts sharply to the right to R~ . The short—
run effects of this ex pans ion of truck requirement s is to
force production costs and the price sharply upward to Cw as
out put rises to T

~ 
units.

R~

S
U

I- .1
‘U0~
‘U
U

C P I
I I 

_ _ _ _ _ _ _ _

TP Tw TO
NUMBER OF TRUCKS PRODUCED

9—27-76—2

Figure 2. TRUCK PRODUCTION IN PEACETIME
AND UNDER MOBILIZATION

b. Stockpiling and Intermediate Inputs

The shif t  along the supply or cost curve S from T~ to
T~ assumes that the same technology Is used at both production
levels; I . e . ,  the same raw materials  and other inputs are
available as in peacetime . Since the avai labi l i ty of input s
Is the heart of the stockpiling problem , this  assumption bears
close scrutiny . Problems of assuring the supply of t rucks may

8
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I
II
• arise from three sources: ( 1) a cut—off of needed raw materials

such as co balt , beryl ore , rutile , etc.; (2 )  an Inability to
obtain processed or value—added input s such as Iron or steel

cas tings , forgings, electronic components , etc.; or (3) prob-
lems in processing associated with scheduling difficulties

or resulting from improper managerial practices.

The stockpiling issue Is, of course , most immediately

concerned with raw materials and the new requirements for them

as the output of military end—items expands. However , it

must be responsive to the production of value—added items as

well. A truck factory buys very few raw materials. It buys

numerous partially processed Inputs and assembles them , e.g.,

engine blocks (castings), ignitions (assembled electronic

equipment), wheels (forgings), tires (synthetic rubber), some

textiles and plastics and a myriad of other parts. The raw

materials have to be guaranteed not just for the truck Indus-

try~ but for the hundreds of  intermediate production processes

that contribute processed or assembled inputs to the trucking

industry as well. Certainly a narrow focus on military end

items is inadequate , and the consideration of raw material

needs for the entire industrial base—— Including both military

end items and the intermediate production contributing value—

added inputs——is a necessity . An important criterion of a

“good” model Is that it be responsive to the needs of the entire

range of production processes , and that it consider more than

the needs of those industries finally shipping defense—related

goods.

c. Effects of Substitution

The supply or cost curve S assumes a given technology and

that certain materials and processes are available; these

materials and processes are used because they assure minimum

production costs during peacetime . Implicit in the cost

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~
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s t ructure  of curve S may be a copper f I t t i n g  for the t ruck ,
which is used because it is pennies cheaper than a pe r fec t ly
e f fec t ive  plast ic  subs t i t u t e .  The nonavai labi l i ty  of copper
does not Imply that t rucks won ’t be produced or that  the
shortage of copper will  stop product ion.  Instead we f ind pro —
ducticr ~‘n a slightly higher cost curve , such as S~ in Figure

3 (a5-’~ “e~ lecting the new “tec hnology ” of a plastic
fittin, .il producing trucks , although at a slightly

higher .4~~ . . C~ . It is not clear that we should want to

stockpile large amounts of copper to save a few pennies on

e~ich t ruck , so the role of subs t i tu te  materials  and processes
will affect our determination of raw material needs.

Studies of the adaptability of national economies to dis-

locations of basic materials suggest that substitute processes

or materials are almost always available , although not neces-

sarily as cheaply as the example above would imply. A study

of the efforts to blockade British food supplies in three wars

suggests the extent to which substitution may be made to work

when necessity dictates it. By plowing pasture land , rationing ,

changing crop patterns , not feeding meat animals but having

people consume calories directly, and altering many traditional

patterns of agriculture , the British never really suffered

food shortages In these wars .~ A similar examination of the
ef fects of the Combined Bomber Offens ive  over Germany In
Worl d War II I l lustrates the same poss ibilit ies in the In dus-
trial sec tor. Germany subst ituted synthetic gaso line produced
from coal as it was cut—off from oil fields; military equipment

1The Napolenonlc War, World War I, and World War II are considered at
length with exactly the point being made here in mind. Mancur Olson,
The EconomiaB of the Wartime Shortage (Durham, N.C.: Duke University
Press, 1963).

2
~~ icj~’ Olson “The Economic of Thrget Selection for the Combined Bomber
Offensive,” Royal United Service Inatitution Journa l, CVII (Nov. 1962),
308~114.
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NUMBER OF TRUCKS PRODUCED

9—27—76-3

Fi qure 3. TRUCK PRODUCTION AND MATERIAL
SUBSTITUTION

was produced without many important alloys available but with

little technical performance loss; and efforts by the Allies

to bomb key industries such as ball—bearing plants simply

induced the wide— spread design of other kinds of rollers

and anti—friction devices into the German equipment. This

Is not to imply that a stockpile is unnecessary because of

substitutes. Enormous costs were imposed upon Britain and

Germany by the measures taken against them. In Figure 3, if

the alternative technology for truck production is S** due to

a lack of a critical material such as chromium for stainless

steel , it is probably wise to stockpile it; otherwise tremen—

dous costs could be inflicted upon the economy during a mobili—

zatlon , and the cost of carrying on the war would be greatly

increased. But the copper fitting and chromium examples , and

11 
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the differences between them , must be borne in mind in computing

material requirements.

Thus another criterion for judging a stockpiling model is

its ability to Incorporate substitution into the calculations .

In making the decision of whether or not to stockpile a material ,
those cases where an alternative technology is available at a

reasonable cost must be distinguished from those cases where

it is not . A failure to make the distinction would result in

too many goods (and too much of them) being stockpiled. It

should also be recognized that nonavailability of a material

will rarely stop production of vital goods , though substantial

cost increases may be Imposed by the lack of availability.

2. The Long-Run and Capacity Considerations

In the longer—run , capac ity expansion must be considered.
The FPA scenario considers a three—year war and , given the

exigencies of war , few industries could not be expanded in

this time period. Consideration of capacity expansion poses

at least two important problems . What new material requirements

are Imposed by the need for extensive new construction pro-

jects? If we impose a desired set of military production , is

there capacity available in defense—oriented and intermediate

Industries to handle the expanded output requirements , even
if the materials are available?

(1) Expanding Capacity. A war of three years will undoubt-

edly impos e substant ial requirements for new construct ion. To
some extent civilian construction such as housing can be

post poned but new construct ion to support the war effort is
inevitable and an overall expansion of construction will occur .

Such construction is known to intensively use basic materials

and the model should consider these requirements explicitly.

The problem is considered in more detail In the next chapter .

12
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( 2 )  Av a i lab le  Capac~~ y. It is f r u i t l e s s  to  compute  m a t e r i a l
needs to support  a m o b i l i z a t i o n  at a p a r t i c u l a r  level if there
are bottlenecks in fundamental processing industries. Serious
bottlenecks disrupting deliveries of military hardware may

occur not only  in de fense—or ien ted  indus t r i e s , but  in interme-
dia te  industries as well. No matter how many truck assembly

plan t s  we bui ld , It may not be poss ib le  to expand the  produc-
t ion  of t rucks  u n t i l  there are enough f o u n d r i e s , fo r ges , and
other  In t e rmed ia t e  p roducers  to provide  the par ts  to be assembled .
Ag ain the l ike ly  r e su l t  of a f a i l u r e  to consider  t h i s  problem
would be too many ma te r i a l s  s tockp i l ed  and too much of each
one . The mate r ia l s  supply  could not be used i f  the  capac i ty
were not there .

3. Criteria to J u d g e  the Model

The preceeding ana lys i s  s u g g e st s  several  i m p o r t a n t  criteria

by whi ch a model of the s t o c k p i l i n g  process  shou ld  be j u dged .

• The mode should be respons ive  to a major  expans ion
of defense  needs and to e x t e n s i v e  new p r o d u c t i o n
requ i rements .  It must  consider  not only d i rec t
defen se needs , but the  i n d u s t r i a l  capac i ty  needed
to support the defense effort .

• In computing the requirements for materials , allow-
ance should be made for major  efforts to expand
capacity in defense—oriented industries.

• The model should handle the substitution problem
reasonably well. A material should be stockpiled
only if substantial cost or performance losses
are imposed by inadequate quantities of material .

• Potent ia l  shor t—run constraints on output posed by
capacity shortages in key industi’i.es should be con-
sidered to avoid overstocking. Bottlenecks may limit
production even if materials are made available.

In addition to these broad criteria , other less general

standards should be imposed. How well and how o f t en  is the
model updated? Are the best available data used? Are the

13
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data good enough to assure c redib i l i ty  of the resul ts .  Numer—
our other details relating to the implementation of the model

will  be examined.

C. ASS ES S ING T HE ACCU RACY O F THE MO DEL

Any large—scale computational scheme is an approximation

and as such will be subject to some criticism. An important
test of such a system is its predictive accuracy and its
response to changing conditions. SurprIsingly little effort
has been made to verify or test the predictive ability of
the model.

A major part of our effort was invested in some basic
tests. The accuracy of the projections do little to estab-

lish the intellectual content of the model or its credibility

as a description of the real world ,1 but it is Important in

establishing the usefulness of the model. Certainly assessing

the accuracy of the model is crucial in Interpreting any of

Its resul t s .  We have used three basic means of a t tempt ing
to establish this c red ib i l i ty :  “backcas t ing ” the peacetime
requirements for a series of materials; comparing the material

needs projected by the model for wartime to another large—
scale model operating on somewhat different principles; and
an at tempt to derive some more direc t est imates of mater ial

usage . Together these tests provide a better feel for the

accuracy of the projections than was available before . Chapter

IV will describe these tests in detail.

1Th1s was the purpose of the procedures outlined in the preceedirig section.
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Chapter II

MOBILIZATION AND THE USES OF INCOME

The i n i t i a l  s tep in d e t e r m i nin g  the economic effects of

a large—scale mobilization is to determine its effects on

income flows. The FPA model projects the flows of income

using a macroeconomic model and a series of policy assump-

tions concerning the components of income . The definition

of income used is that  f o r m u l a t e d  from the  “us es side ” of the
income stream: consumption , inves tment , gove rnment  spend ing ,
and net exports. The dollar value of these categories

exhaust gross national product (GNP) which is a measure of

to ta l  income . GNP and i t s  c o n st i t u e n t  par t s  are l i s t ed  in
Table 1, along with the values of these income streams in

1975.

In th i s  chapter , the macro economic  model and the  p o l i c y
assumptions used in making the projections of income flows

will  be examined in detail. This review provides a good

opportunity to critically survey the set of assumptions that

guide the mobilization , and it is this basic set of assump-

tions or scenar ios  that  the compu ta t i ona l  model mus t  r e f l e c t .
This chapter is a necessary preface to a survey and summary

of these computa t ional  methods .

A. THE USE OF THE MACROECONOMIC MODEL

The effects of the mobilization——expanded government

spending, changing employment patterns , etc .—--~ re used as data

15
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Ta bl e 1 . COMPONENTS OF GNP IN 1975
(BILLIONS OF 1972 DOLLARS)

1975 Values

GROSS NATIONA L PRODUCT 1 ,186.4

PERSONAL CONSUMPTION 766 .6
Durable Goods 109.3

Nondurables 306.9

Services 350.4

GROSS PRIVATE DOMESTI C INVESTMENT 149.0

Equipment 75.3

Residential Structu res 36.6

Nonresidential Structures 37.1
Change in Business Invento ries -10.1

GOVERNMENT PURCHASES OF GOODS AND SERVICES 257.4

Federal 94.2

Defense 72.1

Nondefense 22.1

State and Local 163.2

NET EXPORTS 16.6 )

Exports 97.6

Imports 81.0

Source: Economic Repor t  of the President , 1976

in a large macroeconomic policy model of the U.S.’ Known
as the MCL—Thurow Model , it provides a set of projections of

consumption, inves tment , government spending, and export
needs. Table 2 shows the Thurow peacetime projections for

1977 and 1978 in the first two columns , respectively. The

Patricia R. Devine, The MCL Thurow Mode l, TR—93, Office of Preparedness
(Feb. 197L1); Lester Thurow, “ A Fiscal Policy ~‘bdel of the United States,”
Survey of Current Buainesa , )49 (June 1969), 45~614.

16
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Ta ble 2. P R O J E C T I O N S  OF INCOME UNDER A M O B I L I Z A T I O N  BY THE
MCL - THUROW MODEL BEFORE POL ICY  ADJUSTMENTS

( B i l l i o n  $ 1 97 2)

1977 1978 1978
USES OF INCOME P E A C E T I M E  P E A C E T I M E  M O B I L I Z A T I O N

G RO SS NATIONAL PRODUCT 1 3 0 5 . 1  1 3 3 8 . 3  1 5 6 4 . 3

P E R S O N A L  C O N S U M P T I O N  8 2 4 . 2  8 4 5 . 6  8 7 9 . 6
Durables 1 3 7 . 5  1 4 1 . 7  163.4
Nondurab l es 327.6 334.0 358.7
Services 359.4 370.7 357.7

GROSS PRIVATE DOMESTIC INVESTMENT 196.3 203.3 207.1
Fixed Investment 178.0 194.2 146.7

Structures 33.9 35.7 42.0
Producer s s Durab le Equipment 78.6 87.2 104.7
Residential 30.8 31.4 30.8

Change in Business Inventory 16.3 9.1 30.6

GOVERNMENT PUR CH A SES a

Federal 59. 2 5~ .7 90.5
State and Local 91.9 94.6 92.6

NET EXPORTS 7.9 6.7 13.1

a GOOdS only, compensation is not shown.

wartime projections for 1978 , assuming 1978 is the first year

of a mobilization with a build—up in forces to five millico

men , are shown in the third column . These basi~’ data will

te a l te red  later  by a s e r i e s  of  p o l i c y  i juctmects that aff.~ct

the .~ .~~ cos~~t i on and sometimes the actual sl.i:e of some ma~ or

flows. The composition of investment spendinc , for example ,

may be altered between producers durable equimment and resi-

dential structures , but the total investment flow remains

fixed.

The MCL— Thurow Model is a technically competent policy

model of the United States. To assess its predictive value ,

the prediction errors were compared to two naive p r e d i c t i v e

17
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models. Model H1 assumed that the best estimate of next

year ’s income (or consumption , investment , etc.) would be

this year ’s value; i.e., that the value would not change .

R1: XAC T ( t ) = XEST(t+l)

Model R2 assumed that the change in this year ’s value was the

same as the change in last year ’s va lue.

H 2 .  X E S T ( t + l )  = X A C T ( t )  + [XACT(t)—XACT (t+l)]

To test whether the macroeconomic model predicted better than

the two naive models , errors in the three models were computed

for the period 1950—72. Table 3 shows the ratio of the errors
in Thurow to those of H1 an d H2. Where these ratios are less

than one , the macroeconomic model does better than the naive

forecasts. The Thurow Model was superior in every major cate-

gory except nondurable consumption; it fell down on nondurables

and some smaller subcategories thereof.

The model performs reasonably well on historical data.

Any misgivings about the value of the income projections are

probably better directed at the policy assumptions concerning

the changes in income flows . This concern should be expressed

in two ways: (1) How should income streams be altered? (2) Is

there any feedback fnocn these changes to the initial macro-

economic projections? The first of these questions will be

examined at some length In this chapter; the answer to the

second has been assumed to be a simple “no” by FPA . It is

easy to have misgivings concerning these rather sweeping

changes——a shift from durable goods to nondurable goods by

25 to 75 percent , or from resident ial investment to producers
durable equipment by 25 to 75 percent——and with a conclusion

that they do not feedback on the initial estimates of income .

F On the other hand , the broad , sweeping nature of these

18
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Table 3. COMPARISON OF THUROW MODEL TO TWO N A I V E  ESTIMATES

A v e r a g e  % Rat i o  Ra t io
A b s o l u t e  of of
Error-- Thurow Error Thurow Error
Thurow to R 1 to R2

GROSS NATIONAL PRODUCT 2 .04 0.535 0.659

PERSONAL CONSUMPTION EXPENDITURES 2 .53 0.687 1 .222

Durables 4 .61 0.619 0.500

No n d u r a b l e s  3.61 1.22 1 2.473

Food 3.1 6 1 .371 2.356

Clo th i ng  9 .4 1 2 .902 2 .87 1
Gas & Oil 2 .09 0.386 0.784

Other N o n d u r a b l e s  4 .45 1.212 2.720

GROSS PRIVATE DOMESTIC INVESTMENT 2 .73 0.348 0.237

TOTAL GOVERNMENT SPENDING 0 .00 0.108 0 .136

Note: Based on data from 1 950-72 . Errors are computed from
ru n C-I u s i n g  actual lagged endogenous v a r i a b l e  values
from Pat r i c i a  R . Devine , The M CL-Thurow M odel-— Supp ZeP ~er.t,GSA /OP /MCL , TR—96 (Februar y 1975). R 1 

assumes XEST (t + 1 ) =

XACT(t); R 2 assumes XEST(t +l ) = XACT(t) + XACT(t) - XA CT (t -1 )

U
assumpt icn~ ——almost certainly an order of magnitude at best——

may make the question of such precision a moot point .

The next section will review the policy assumptions that

must be made to implement the model. It becomes clear that

the contingency for which FPA is planning is only vaguely

u n d e r s t o o d .  This u n c e r t a i n t y  cannot  be remedied to any great

extent , and it is necessarily an integral part of the problem

we are faced with here. The range and magnitude of alterna-

tives considered by FPA make it clear that there are a broad

range of’ acceptable planning data which fit the uncertainties

P 
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involved in planning for a future mobilization. The scenario

employed by FPA guidance is continually reviewed and updated

and , although these data have a firm administrative basis by

virtue of being handed down from the National Security Council ,
the data always bear an uncertain relationship to any future

emergency. The final section of this chapter looks at the

sensitivity of the material needs projected by the model , and

the effect of these assumptions on the accuracy of the projec-

tions.

B. POLICY ASSUMPTIONS AND THEIR EFFECT ON INCOME

In reviewing the proposed FPA guidance for a mobilization ,
it becomes clear that these scenarios have drawn from histori-
cal precedent in World War II and the Korean conflict , and
these analogies have (in most cases) served as patterns for

the assumptions made . We found it useful——and it will serve

as the pattern for much of this section——to place the assump-

tions made by the scenarios explicitly against the patterns

of earlier wars .  This provides a useful  gauge of the magni tude
and direction of some of the parameters used. It is not

necessarily to be inferred tha t  World War II or the Korean
conflict are actual patterns for the scenarios in any way ,

but the comparison does serve as a beginning point for asking

how modern war has been assumed to be different .

The guidance assumes the war to be s t r i c t ly  conventional ,

lasting three years, and fought in Wes tern Europe and/or land

Asia. Access to the Persian Gulf and Mediterranean ports is

assumed to be denied . Two alternative levels of effort are

envisioned: (1) a full mobilization with manpower expanding

from 2 to 15 million men over the course of the war ; and (2)

a limited mobilization effort as the Reserves and Nationa l

Guard have 5 million men on active duty, but Selective Service

is not used.

20
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World War II began as a limited mobilization with the

outbreak of war in Europe. Readiness was increased by ex-

panding the Armed Services from 500 ,000 men to nearly two

million in 19110; the number of civilians employed for defense

purposes doubled that same year. Through the Lend—Lease

Pr ogram , the industrial base-—which had a great deal of slack

in it when the war broke out in Europe——was redirecting its

production efforts toward war materiel. With the American

entry  into the war in late 19141, the Armed Services began an
expansion that peaked with 12 million men in uniform by l9~45.
The number of c iv i l ians  employed for defense purposes rose
f rom 500 ,000 to 2 mi l l ion  during the same period . The Defense
Budget shot up from $1.5 b i l l ion  in 1914 0 to $711.6 billion in

19 1411, a c c o u n t i n g  for  near ly  ha l f  of the  Gross Na t iona l  Pro-
duct. The mobilization effort had probably not reached

either a military or industrial peak by the end of the war .

Limited or par t ia l  m o b i l i z a t i o n  assume s sus ta ined e f f o r t
at levels well below the  maximum rate  poss ib le .  Both the
limited mobilization before World War II and the Korean con-

flict represented a two—fold decision: (1) to substantially

rearm the military forces and expand combat capability on

a limited basis; and (2) to provide an industrial mobiliza-

t ion base capable  of be ing  acce le ra ted  to higher levels in
the event of an escalated war . The first of these requires

an expansion of munitions and equipment production; the second

requires systematic expansion of production lines needed to

produce m a t e r i e l .  The 19c,1) mobilization in Korea saw the s ize
of the Armed Forces more than double from 1.5 mi l l ion  to 3 .6

million men on active duty; the number of Defense Department

civilians rise from 750 ,000 to 1.3 million; and the DoD budget

rise from $12.1 billion to $38.9 billion.

There are great uncertainties in any effort to foresee

s tockp i l e  re qu i rements .  A c c o r d i n g l y ,  a range of assumptions

21
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have been made by the scunarios to reflect the possibility of

greater or lesser reliance on the stockpile (see Table 14).

Case 1 has been designated as a set of assumptions which place

substantial demands on the stockpile; Case 2 places lesser de-

mands for materials on the stockpile. Case 1 is termed “less

risky ” and Case 2 “riskier.” Assumptions throughout Case 1

are biased toward creating heavier material requirements and

a larger stockpile ; Case 2 is just as deliberately biased

toward assumptions requiring a smaller stockpile.

A third class is also assumed which is supposed to lead

to a “balanced” stockpile. Requirements are broken down into

those necessary to support the military effort (DoD), essential

civilian consumption (EC), and other forms of consumpt ion (OC ).
Stockpiling occurs so that DoD needs are quite safe, the essen-

tial civilian needs are safer, and other consumption is generally

at risk. The descriptions of the various assumptions made

in the scenario will generally involve two—way tables , such
as Table 14, so the assumption for each risk/mobilization level

can be clarified. This balanced case has not yet been imple-

mented by FPA , but efforts are being made to implement this

Table 4. RAN GE OF ASSUMP TIONS CONCERNING RISK

M o b i l i z a t i o n  Size of
Risk Li mited F ull Stockpile

1 Safer Safer Larger

2 Less Safe Less Safe Smaller

DoD Quite Safe Quite Safe

3 EC Less Safe Less Safe Balanced

OC At R isk At R isk

22 
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scenario computationally in the near future . The range of

assumptions presented has been drawn up by FPA ; the final

choice of a scenario is made by the National Security Council.

1 . Consumpt ion

Two decisions are made concerning levels of consumption:

(I) whether any limitations are to be imposed on consumption ,
i.e., some form of austerity; and (2) whether any change is to

be assumed in the composition of consumption , particularly the

division between durable and nondurable goods. Tables 5 and

6 summarize the assumptions made ; Table 7 provides some his—

torical data for comparison.

(1) Austeri~~~. Table 5 summarizes the assumptions made

concerning austerity. In effect they assume that no substan-

tial reductions in consumption levels will occur , but hold

consumption levels at or near the pre—war levels. For the

limited mobilization case with higher dependence on the stock-

pile , consumption is allowed to increase freely.

Between 1929 and 19714 the average rate of growth of con-

sumption has been at an annual rate of 2.98 percent . The rate

of growth of consumpt ion  dur ing  the 1939~ 14 5 period of l imi ted
and full—scale mobilization was above this historical norm

wi th  a 3 .57  percent  growth ra te ;  and for  the f u l l— s c a l e
m o b i l i z a t i o n  per iod , consumpt ion  grew at 2 4 . 2 7  percent per
year . (This seems paradoxical in the face of rationing, but
rationing during the war was often geared to the conservation

of specific critical and strategic materials. Gasoline was

ra t ioned  p r imar i ly  to conserve r u b b e r . )  The growth of consump-
tion during the Korean conflict was at a rate of 2.85 percent .

Historically austerity has not been part of the American war-

time experience except from the elimination of some nonessential

consumption through controls and rationing geared to free

specific strategic materials.

23
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Table 5. AUSTERIT Y: WARTIM E CONSUMPTION AS A
PERCENTAGE O F P E A C E T I M E

M o b i l i z a t i o n

Limi ted Full
Year Year

Risk 1 2 3 1 2 3

1 none a none none 100 100 100

2 100 100 100 100 95 90

Do D

3 EC 100 100 100 100 100 100

OC 
_____ ____ ______ ____ ____ _____a .No ai.~ster i ty imposed .

Table 6. PERCENT SHIFT IN PCE FROM DUR ABLES
TO NONDUR ABLES

M o b i l i z a t i o n

Limi ted Full
Year Year

Risk 1 2 3 1 2 3

1 25 25 25 25 50 75

2 50 50 50 50 75 75

DoD

3 EC 25 25 25 25 50 75

OC

2k
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Table 7. HISTORICAL DATA ON CONSUMPTION

(B i l l i ons  of 1958 Do l l a r s )

Non- Dura bles
Year Consumption Dura bles Durables Services Sh~ ft a

1939 148 .2 14.5 81.2 52.5

1940 155 .7 16 .7  84 .6 54 .4
1941 165 .7 19 .1 89 .9 56 .3

1 942 161.4 11.7 91.3 58.5 30.4

1943 165 .8 10 .2 93 .7 61 .8 46 .6
1944 171 .4 9 .4 97 .3 64 .7 50 .8
1945 183 .0 10 .6 104 .7 67 .7  44 .5

1946 203 .5 20 .5 110.8 72 .1
1947 206 .3 2 4 . 7  108 .3 73 .4
1948 210 .8 2 6 . 3  108 .7 75 .8
1949 216 .5 28 .4 110 .5 7 7 . 6

1950 230.5 34 .7 114.0 81.8 -29.0

1951 232. 8 31.5 116.5 84.8 -17.1

1952 239 .4 30.8 120.8 87.8 -14.5

1953 250 .8 35 .3 124 .4 91 .1 -31 .2
a lhe sh i f t  parameter  is k t , def ined  by Dt 

= ( 1_ k t )
~~~~~’~

D t is the production of dura b l e s  in year t , and D0 is a
base p~ r iod.  For the Wor l d  War II data D0 16.8 , the
average for 1 939-4 1 ; for Korea D 0 

= 26 .9 , the average
for 1946-50.
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(2) Durable Goods. Consumption is normally divided into

durable and nondurable expenditures. Durable consumption

expenditures are items such as cars and home appliances , items

for which purchases often can be postponed by repair and a
willingness to live with older models. Purchases of non—

durables such as food and clothing are less likely to be

postponed. The interest in how consumption is divided between

durables and nondurables stems from the fact that fewer basic ,
critical materials go into nondurables than durables. If

consumers postpone their purchases of durable goods , they free

more critical materials for other applications and place less

burden on stockpile requirements.

The assumption employed by the proposed FPA guidance is

that there is a shift away from durable goods toward non—

durables. The purchases of durable goods during each year

of the war , Dt, is defined as

Dt 
= (l_ <t )D0 , t = 1,2 ,3

where D0 is the consumption of durable goods at the time the
war commences. Table 6 shows these assumed values for kt for
the various scenarios; kt ranges from a 25 to a 75 percent

reduction in durables over the course of the war . The right-

most column of Table 7 shows the actual shifts during World

War II and the Korean conflict. During World War II, up to

50 percent of the pre—war annual durable consumption was post-

poned . In Korea , howev er, purchases of durables grew rapidly
throughout the war and there was no evidence of any shift away

from them.

Next to the h is tor ica l  record , the shif t  values assumed
appear to be large . There is little evidence that a limited

mobilization induces much change in the consumption of durables.

Comparatively strong measures (in World War II such strong

measures were exercised through the allocation of basic

26
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mater ia l s  to more e s sen t i a l  war t ime  produc t ion , but  th rough
some r a t ion ing  as w e l l)  saw durable  purchases  f a l l  by h a l f .
If shifts away from durables of the magn~.tude forecast do

not materialize , the stockpile levels might be insufficient .

2. Investment

Fixed investment has characteristics similar to consump-

t ion  to the ex ten t  tha t  (1) some of it can be postponed under
emergency condi t ions , and ( 2 )  its  composi t ion  may change between
wartime and peacetime conditions . Table 7 summarizes histori-

cal data on private fixed investment , categorized as investment

in residential structures and producers durable equipment.

a . Size and Composition of Investment

The only assumption made by the FPA guidance concerning

inves tment  is that  i ts  composi t ion  wil l  change.  It is assumed
that  the sh i f t  from peacet ime to war t ime p roduc t ion  pa t t e rns
wil l  result  in a reduct ion  in the cons t ruc t ion  of s t ruc tu res
(especially private residences) and a sh i f t  to producers
durable equipment. The shift is defined ±n a completely

analogous manner to that  used for  the sh i f t  from nondurab le
to durable consumption in the preceding section. The resi-

dential investment during year t of the war (rt) is

rt 
= (1_h

t)r0,

where r0 is a pre—war level of investment . Similarly, nonresi-
dential investment is defined as

nt 
= (l._ jt )n o,

where n0 is base—year investment . Two values are assumed for
the “shift” parameters ht and i~ depending on the  stage to
which the mobilization has advanced , described as “transitional”
and “wartime ” levels.
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Transitional : ht 
= 0.50

= 0.25

Wartime : ht = 0 .75

it 
= 0.25

The assumptions for the mobilization and risk levels are shown

in Table 8. P is peacetime , T is transition periods , and W is

wartime . Some shift occurs in every case , but the wartime

pattern occurs only under full mobilization.

Table 8 . GUIDANCE A SSUMPTIONS CONCERNING THE
COMPOSITION OF FIX ED INVESTMENT

Mobil  i za t ion
Limi ted Full
Year Year  

—

Risk 1 2 3 1 2 3

1 T T T T W W

2 P T  T P T W
T + W3 T T T T —a— W

Table 9 shows the h is tor ica l  sh i f t s  during World War II
and the Korean conflict. The high risk/small stockpile

assumpt ions under the limited mobili zat ion correspond closely
to the pattern assumed; the “low risk” as sumpt ions assume
that the shift in composition occurs more slowly than the

historical record. In Korea there is no evidence of a shift

occurring at all, as both total fixed investment and each

share remained fairly constant . This is in contrast to the

slow but de f in i te  sh if t s  assumed in the scenario for the
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Tab le  9 . HISTORICAL  DATA ON F IXED INVESTMENT
( B i l l i o n s  of 1958 D o l l a r s )

P 1 S h i f t  from
Non- Producers Sh i f t  from Non-

Fixed R e s i d e n t i a l  R e s i d e n t i a l ~ Dur a b l e  R e s i d e n t i a l  R e s i d e n t i a l

~~~~~~~Inv e s t m e n t  S t r u c t u r e s  S t r u c t u r e ~~4 E~ u i Pmen t ~~ S t r u c t u r e s a Structures a

1939 23.5 8.2 2.9 9.4

1940 28.1 9.2 6.8 12.1

194 1 32.0 9.8 8.1 14.2

I 

.

1942 17.3 4.9 4 . 6  7 . 9  0 .46  0 .33
1943 12.5 2.9 2.9 7 .2 0.68 0.57

1944 15.9 2.5 3 .8 9.6 0.73 0.45

1945 2 2 . 6  2 . 8  5 .7  14 .1  0 .69 0 . 1 7

1946 42.3 12.1 12.5 17.7

1947 51.7 15.4 . 1 1 . 6  2 4 . 6

1948 55.9 17.9 12.3 25.7

1949 5 1 .9  1 7 . 4  11 .9  2 2 . 6

1950 6 1 . 0  2 3 . 5  1 2 . 7  2 4 . 8
1951 59 .0  1 9 . 5  1 4 . 1  2 5 . 5  - 0 . 1 2  -0 . 1 5

1952 57.2 18.9 13.7 24.6 -0 .09 -0.12

1953 60.2 19.6 14.9 25.8 j - 0.12 - 0.22
a The base values were the an n u a l  averaqe from 1939-41 for World
War 11 (r~ = $ 9 .lb; n o 

= ~6.9b); from 1946-49 for Korea

(r 0 $ 1 7 .3b; n 0 
= $ 1 2 .2b).

I -
limited mob~ lization. Curiously , when compared to the

his to rica l  record , the  p o l i c i e s  assumed seem somewhat  opt .i—
mistic for the limited mobilization by assuming investment in
structures will be limited ; and it seems comparatively pessi—
mistic for full mobili zation by taking the World War II

pattern as the riskiest case.

I
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b . Investment Duri ng a M o b i l i z a t i o n

One of the criteria (of Chapter I) for judging a model

which is to reflect the economics of a mobilization was that

it should include a major expansion of capital facilities in

defense—oriented industries. This kind of expansion should

occur during a limited mobilization as well as a maximum

effort , as the limited mobilization is primarily a means of

preparing for a potentially larger conflict. The total/ in-

vestment figure used by FPA is that projected by the MCL—

Thurow Model; it is inadequate in at least two ways even

after policy assumptions are made to shift its composition.

To induce a major expansion of defense—oriented produ-ction ,

tax and other incen t ives  have h i s to r i ca l ly  been offered by
the government for capital construction undertaken to support

the war . This alters the behavioral responses upon which an

historical model such as MCL—Thurow must rely. Also , the

government may build substantial numbers of facilities without

relying on the private sector at all. The line between private

and public expenditures is thin enough to become ~rneaningless .

The problem is that the “uses of income ” conventions

used by the MCL-Thurow Model become blurred in wartime . The

peacetime government policy is that , whenever feasible , all

contractors for government procurements should provide their

own plant and equipment . This is counted as private fixed

investment , even though sales are to the government . But

during World War II and the Korean conflict , procedures were

adopted to greatly expand the military production base. Some

$16 billion of production facilities , for example , were built

by the Defense Plant Corporation and then leased to industry .

These expenditures are counted as public rather than private

investment expenditures. Other schemes, such as guaranteed

‘Harry B. Yoshpe, et al., Production for Defense (Washington, D.C.:
Industrial College of the P~rrned Fbrces , 1968), p. 145.
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financing or rapid depreciation , i riducea pr ivate exoend .itur es

for defense and some private investment. It becomes rather

a r b i t r a r y  whe the r  the  e x p e n d i t u r e s  for  many d e f e n s e  p l an t s
are counted  as government  or p r iva t e  spend ing .  A consoI~~d~ ted
in ves tment  f igu r e  j o i n t l y  cons ide r ing  p r i v a t e  i n v e st m e n t  icr
p r iva t e  p roduc t  ion , p r iva te  inves tmen t  for  pub l i c  p r o d u c t .~ n ,
and pub l i c  inves tmen t  in suppor t  of’ the mob i l i za t i on  would
seem more a unr o p r i a t e  for  m o b i l i z a t i o n  p e r i o d s .

Table 10 shows the type  of combined s t a t emen t  tha t  might
be t t e r  r e f l e c t  inves tment  r e q u i r e m e n t s , us ing  World  War II as
an example .  Total Pr iva te  Fixed Inves tmen t  is taken from

Table 9. $12 .0  b i l l ion  of t h i s  p r iv a t e  i n v e s tm e n t  was ~cr

military production capacity, with a c c ele r a t*i  ~m~rti zat i-~n

and guaranteed government financing used as incent ives to the

private sector to undertake the inve~ tme~~ . Militory facili-

ties involved $20 billion in investment , and ~~2 billion was

spent to provide production capacity which w~ s then leased

to private contractors. On balance , the military investment

requirements were $7.1 billion higher than rrivate inves~.ment

during World War II.

The Korean conflict re—emnhasized this mattern as the

Services furnished $3 billion ~n facilities to contractors . 1

Accelerated amortization in Korea was allowi~d on ~25 to $30

billion of investment for defense purposes , and was worth

r o u g h t l y  $17 billion to contractors. 2 Perhaps as much as $20

b i l l i on of inves tmen t  was induced d i r e c t l y  by r n o b i l i z a~~i o n
du r ing  the  Korean c o n f l i c t .

The U . S .  has oper ated at compara t ive ly  high levels of
mi l ita ry  preparedness  sin~ e W o r l i  War IT , bu~ a ma .io r  war

1Harry B. Yoshpe , et al . ,  Production for Defense (Washinrton , D.C.:
Industrial College of the Armed Forces, 1968), o. /45.

2 George A. Lincoln , The Econorni’!s of National C~~~ ri~~~, 2nd e~l . (Fngle—
wood Cliff s, N.J . :  Prentice Hall , l958~ , n.  3 145.
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The U.S. has operated at comparatively high levels of

military preparedness since World War II, but a major war

effort would undoubtedly require very substantial expendi-

tures to expand current production lines. Material require-

ment s for such an expansion have to be considered explicitly

in calculating stockpile requirements. A joint balance sheet

such as Table 10 would seem a necessity if investment flows

and the materials to assure these flows are to be available

under emergency conditions. FPA should be urged to remedy

the neglect of this problem in current computations of stock-

pile objec t ives .

Table 10 . TOTAL FIXED INVESTMENT--PUBLIC AND PRIVATE-- $
DURING WORLD WAR II
( B i l l i o n s  of 1958 Dollars)

Pr i va te  Pu b l ic

Res iden t i a l  $ 17 .0 M i l i t a ry  F a c i l i t i e s  $20.0

Non - R e s i d e n t i a l  13 .1 M i l i t a r y  Production Capa city 32.0

Producers Equipment 38 .8 Total M i l i t a r y  Financed $52 .0

Total $68.9 Private for M i l i t a r y  Use 12.0

For M i l i t a r y  Use -12.0 Total M i l i t a r y  $64.0

For N o n - M i l i t a r y  $56.9

Sources :  Economic Report of the President , 1975 , op. cit.;
George A.  L inco ln , The Economics of National
S e c u r i t y ,  2d ed . (En glewood Cliffs , N.J.:
Prentice-Hall , 1958), p . 345.
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3 . Government Spendi n g

In this section we will review the assumptions made ccr~-

Jerning defense and other federal spending, and spending by

s t a t e  and local governments .  Al l  federa l  spend ing  is st r i c t l y
e xogenous to  t e e  model , bu t  s t a t e  and local spending  is fore—
cast by the  MCL—Thurow Mode l .  Governmen t  s p e n d i n g  is obv ious ly
a c r u c i a l  par t  of p r e d i c t in g  the  economic  e f f e c t s  of a mobil i -
za t ion  as def ~ nse s p e n di n ~ e f f e c t i v e l y  dr ives  the new o u t p u t
r e q u i r eme nt s upwerd.

a. Department of D e f e n s e  Ex_ p en d i t u r e s

DoD ex p ai~~~t u r e s  i u r r m  a ~
‘. b i l i :~ t i rn  have been e s t i m a t e d

by progr am , L i  l~.a 1 -n , or b:; - s o u ps  of l i n e  i t ems  corre-
sponding to the Budget - : ‘ t h- ’ “r. ted ttates Government . 1

Estimates of t he  C t  t s r  ci c - x r  su tures for 1976 and for each

year of a t h r e e — y e a r  I m ~~ted  Cilization are shown in Table

11; t h e  same da ta  f o r  a full m~ b i l i z a t  ion are shown in  Table
12. These data er ~ r1co: re~ ogriis ed as old end da ted , and F t A
is working with t h e  D e p a r t m e n t  of Defense  to der ive  new expen-
diture patterns.

One relatively minor change is suggested for collecting

and displaying these data. The first. line item in Tables 11

and 12 is the cost of uniformed military personnel. Civilian

personnel  are not budgeted  on any one line , but their salaries

are some f r a c t i o n  ( v a r y i n g  from l ine to l i n e)  of e a c h  individual

category . Civi.iU~n sa1ai’:i~ -o can be removed from each l i ne
i tem ( us i n g  the  DoD “ b r i dge ” tables descr ibed  in the next
c h a p t e r ) ,  and we would l ike  to sugges t  tha t  da ta  c o l l e c t i o n
spec i fy  b o t h  c i v i l i a n  employment  and the  pu rchase  m f  goods

1Depa.rtment of Defense , The Budget of the Cu~ted Stases Government: DoD
Extract for FY77 (Washington, D.C.: GPO, 1976).
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Table 1 1 . PATTE RN OF D EFENSE EXPENDITURE UNDER
A L IMITED MOBIL IZATION

($ 1958)

____  

It ~ms 
- * - - - 

J ~~~~~~~~~~~~~~~Mi l i t a ry  Personne l  ( 9 7 2 2 ) )  8966.8 17123 . 6  20488.9 20903 .~~1
O p e r a t i o n s  & M a i n t e n a n c e  ( 9 7 2 2 2 )  1 0 9 9 8 . 9  1 8 1 9 3 . 8  2 1 4 6 4 . 5  22893 .8
Research & Develop ment (97223) 7788.9 6 2 1 . 3  5951.5 6171 .4
Family Housing (97224) 355.3 647.5 1180.5 1505.0

‘M i l i t a r y  C onstruction (97225) 422.7 1 391.3 2536 .7 3236.0

Ci v i l  Defense (97226) 30.7 101.7 185.4 235 .9
Aircraft (97331) 4353.2 8775.8 9854.2 1692 1 .5
Army M i s s i l e s  (97341) 710.7 531.9 679.1 775.4
Navy M i s s i l e s  (97342) 600.8 642.1 820.5 936.7
Air Force M i s s i l e s  (97343) 1161.1 2000.2 ~ 2551.4 2912.5
Marine M i s s i l e s  (97344) 22.8 36.4 46.8 53.8
Sh i p b u i l d i n g  & Conversion (97351) 1423.4 2425. 1 3146.5 5813.0
Ship Support (97352) 227.7 357.5 463.4 856.0
Army E & C (97361) 343.5 896.8 1601.1 I 2572.1
Navy E & C (97362) 266.3 668.9 1194.2 1917.1
Air Force E & C (97363) 254.4 795.2 1419.6 2281.4

Marines E & C (97364) 74.2 207.6 370.8 595.2
Army Ammunition (97371) 1094.7 3357.3 5469.6 7023 .4
Navy Ammunition (97372) 291.0 1701.7 2773.8 3562.5
Air Force Ammunition (97373) 529.6 2828.6 4609.0 5919.5
Marine Ammunition (97374) 139.6 674.2 1099.6 1411.5
Army Weapons & Ve h i c l e s  (97381) 245.5 1238.2 1752.3 2621.8
Army Tactical Vehicles (97382) 239.5 1176.2 1664.5 2489.5
Army Support (97383) 308.8 1381.7 1953.3 2923.4
Navy C i v i l  E n g ineering (97384) 102.9 382.1 540.5 808.3

Navy Supply Support (97385) , 50.5 16 1 .6 228.3 341.4
Marine Support Vehicles (97386) 54.4 176.6 249.8 374.3
Marine Engineering (97387) 36.6 114.5 162.0 242.9

Air Force Veh i c l e s  (97388) 100.0 313.6 442.9 663.9

Air Force Sup port ~9739 1) 275.2 1262.9 1787.4 2673.6

TOTAL D E F E N S E  EX F E N D I T U R E S  4 1 ,469.7 75 ,958.9 96,688.1 12 1 ,635.8
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Table 12 . PATTERN OF DEFENSE EXPENDITURES
UNDER FULL MOBILIZATION

( $  1958)

Budget Line Items 
- 

J C urrent 
- 

Year _ i j  Year 
2J 

Year 3

M i l i t a r y  Personnel (97221 ) 8966.8 17123.6 30521.6 36692 .0
Operations & Maint e n a n c e  (97222) ~ 10998.9 18193.8 31975.0 40186 .4
Research & Development (97223) 7788 .9 6421.3 8865.8 10832.9
Family Housing (97224) 355.3 647.5 1758 .6 2641.8
M i l i t a r y  Construction (97225) 422 .7 1 3 g 1. 3 3778.9 5680.3
Civi l  Defense (97226) 30 .7 10 1 .7 276. 1 41 4. 1
Aircraft (97331) 4353.2 8775.8 14679.4 29703.0
Army Mi s s i l e s  (97341) 71 0 . 7 531.9 1011.6 ‘ 1 361. 1
Navy M i s s i l e s  (97342) , 600.8 642.1 1222.3 1644.1
Air Force M i s s i l e s  (97343) 1 1 6 1 . 1  2000.2 3800.7 5112.4
Marine M i s s i l e s  (97344) 22.8 36.4 69.8 94. 4
S h i p b u i l d i n g  & Conversion (97351) 1423.4 2425. 1 4687.2 10203.9
Ship Support (97352) 227 .7 357.5 690.4 1502.6
A rmy E & C (97361) 343.5 896.8 2385.0 4514.9
Navy E & C (97362) 266.3 668.9 1779.0 3365.2
Air Force E & C (97363) 254.4 795.2 2114.7 ‘ 4004 .7
Marines E & C (97364) 74.2 207.6 552.3 - 1044.8
Army Ammunition (97371) 1094.7 3357.3 8147 .8 12328 .5
Navy Ammunition (97372) 291.0 1701.7 4132.0 6253. 4

Air Force Ammunition (97373) 529.6 2828.6 6865.9 10390.8
Marine Ammunition (97374) 139.6 674 .2 1638.0 2477.6
Army Weapons & Veh i c l e s  (97381) 245.5 1238.2 2610.3 4602.2
Army Tactical V e h i c l e s  (97382) 239.5 1 1 76.2 2479.5 4369.8
Army Support (97383) 308.8 1 38 1 .7 2909.7 5131.6
Navy C i v i l  E ngineering (97384) 102.9 382. 1 805.2 I 1418.8
Navy Supply Support (97385) 50.5 161.6 340. 1 599 .3
Marine Support V e h i c l e s  (97386) 54.4 176.6 372.1 657.0
Marine Eng ineering (97387) 36.6 114.5 241.3 426.3
Air Force Vehicles (97388) 100.0 3 13.6 659.8 1165. 4
Air Force Support (97391) 275.2 1262.9 2662.6 4693 .1

TOTAL DEFENSE EXPEN D ITURES 41 ,469.7 j 75 ,958.~ 143, 632.7 j 2 1 3 ,51 2 .4~j
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for each line Item . The MCL—Thurow Model ilready makes this
same distinction between goods , purc hases, and government
employment , and it would seem desirable to carry this distinc-

tion over to the expenditure patterns. 1

/ Failure to break out the data as suggested has led to

some confusion and Inconsistencies in the past. Earlier

estimates using the FPA system have assumed no expansion of

DoD civilian personnel in the data input to the MCL-Macro

Model ,2 but an expansion was c learly Implicit in the defense

expenditure pattern . Total DoD civilian salaries will be

roughly proportional (13 to 15 percent ) to DoD expenditures

and they expand rapidly with the build—ups outlined in Tables

11 and 12.

Table 13 shows that civilian DoD employment has grown

rapidly in wartime , and both the macroeconomic model and the

defense expenditure patterns should reflect this. Defense

civilian employment climbed rapidly both during World War II

and the Korean conflict. Between l9~2 and 191414 it slightly

less than doubled; as total DoD expenditure more than tripled ,

these civilian expenditures fell as a proportion of the total

budget. Much the same pattern occurred in the Korean emer-

gency, as employment and total defense expenditures followed

the Wor ld War II cas e rat her c lose ly .

1The original data were derived in the 1963—66 perIod and have been used
since. It would be difficult to assess their adequacy without deriving
a new set of data. They are based strictly on military considerations
and are not forecast by the model .

2E.P . Rosenburg, “Projected Gross National Product MCL-Thurow Model
Output,” FPA memorandum dated 20 June 1975. It should also be noted
that the expenditure pattern and the assumption of 5, 10, and 15 million
men in the Armed Services were also inconsistent with the pay scales
assumed. The assumption of 5, 10 and the 15 millIon men In unifor~n was
a recent assumption not reconciled with the expenditure patterns. Mr.
Ron Hurdelbrink of FPA assures us that they have brought the various
parts of the model into line and that it Is now consistent on all of
these points .
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Table 13. GOVERNMENT EMPLOYMENT , 1939-1953

Federa l  Em p loyment 
_____

Non - Defense State and Local
Year Defense C i v i l i a n  M i l i t a r y  Total Em ployment

1939 313 196 3 35 844 2 ,890
1940 323 256 458 1 ,037 3 ,226
1941 335 5 56 1 ,801 2 ,6 92 3 ,320
1942 338 1 ,291 3 ,859 5 ,488 3 ,270
1943 339 2 ,200 9 ,045 11 ,584 3 ,174
1944 374 2 ,247 11 ,452 14 ,073 3 ,116

1945 4 1 6 2 ,644 12 ,124 1 5 ,1 84 3 ,137

1946 453 1 ,416 3 ,030 4 ,899 3 ,341
194 7 445 859 1 ,583 2 ,887 3 ,582
1948 475  87 1 1 ,446 2 ,79 2 3 ,787
1949 501 880 1 ,615 2 ,9 96 3 ,948

1950 484 75 3 1 ,460 2 ,6 97 4 ,098
1951 482 1 , 236 3 ,250 4 ,968 4 ,087
1952  508 1 ,33 7 3 ,6 3 6 5 ,481 4 ,188

1953 507 1 ,332 3 ,555 5 ,394 4 ,340

A second consideration that m ight improve the input to

the model would be to break down the salary schedules more

finely than they have been in the past. The MCL—Thurow

Model pays federal salaries (both military and civilian) of
$14760.9 per worker. ’ These might be compared to a finer

breakdown of salaries 2 oi $14873.0 for defense civilian em-

ployees , $5953.1 for other federal employees , $3685 .9 for the

“MCT~Thurow ~~del,” op. cit.
2Provided by ~brgaret Buckler nf the INPOBUM Project at the University
of Maryland .
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mIl i ta ry , $145714.1 for  s ta te  and local educatIon , and $ 143 0 9 .0
for other local employees.  The f iner  breakdown would seem
desirable here since there wIll be a major change In the mix
or composition of government employees; the mix will shift

sharply in favor of the mi l i ta ry  who are by far  the lowest
paid workers .  Paying the average salary to all federal
government workers in the FPA model resul ts  in a clear over-
estimation of military manpower cost during the mobilization.

b. Other Federal S p endin g

It is assumed that the number of federal employees other
than those employed by the Defense Department remain unchanged

throughout the war, as do purchases of other goods and services.

The historical employment pattern is shown in Table 13.

c.  Sta te  and Local  Governments

State and local employment and purchases of goods and
services are predicted using regression equations from the
Thurow econometric model. Goods and services per capita
(G/P )  and employment per capita CE/F) are predicted In 1958
dcllars using the Gross National Product lagged one year (GNP—l),

school expenditures per capita (S/P), and feder al grants—In—

aid per capita (GA/P). The estimated relations are :

E/F = — 0 . 0 0 3 6 5  + 0.00387 GNP(—l) + 0.15813 GA/P + 0.11638 S/F;

G/P = ~ 0.1 14202 + 0.014276 GNP(—l) + 0.82 16)4 9 S/P + O. 859 9 l4  GA/P

Both mobilization levels lead to small or negative growth rates

for state and local expenditures. This generally conforms

with histor ical experience , as Table 13 IndIcates very slow

expans ion of stat e and local employment during bot h the Korean
conflIct and World War II.
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4 . E x p o r t s  and Impor ts

Expor ts  and impor ts  again are t rea ted  in terms of “shifts ”

from some base year to higher or lower levels throughout the

course of the war .  The s h i f t  in exports (Et) and imports (Mt )
is defined in a manner  analogous to the s h i f t s  in c o n s u m pt i o n
patterns.

= (l_k
t )E o . 

- 

-

Mt = (l_j
t )M o

Table3 114 and 15 show the assumed values o~ the sh~ rt r~ r~ r.-

e te rs ;  Table 16 shows the  h i st o r i c a’  oa t t e r r m in W o r l d  War I T
and Korea , and the shifts in exports from base—year ia~ a.

A cursory comparison of the assumptions with the hlstor i—

cal data reveals that the:~ run exactly counter to each other.

Historically, exports (due to controls and lost markets) have

fallen and imports (due to expanded wartime demands) have risen

rapidly . The suggested scenario assumes ju s t  the o p p o s i t e .
The scenario is drawn up with apparently only the “risk”

concept under consideration ; that is , if sufficiently cor ser-

~ative assumptions are made——regardless of fact——the mat4 er Is

proper ly  se t t l ed . Import  r e d u c t i o n s  and export  e x p a n s ion  -ir-
increased or decreased in accordance  w i t h  the  e x t e n t  of r~.l i .an ce
on the s tockpi le  (or “ r i s k” ) ,  and w i t h  l i t t l e  e 1s€ ~ in rT* d
cep t some ( u n s p e c i f i e d )  a d j u s t m e n t  for  s h i p p in c ~ losses .  H-i re

costs in impor t s  of e ssen t ia l  consumer  i t ems  assumed here
imply ( a )  more r e i i a n c e  must  be p lace  on t h e  i — e ~~c Y c  f - ~~~

and (b) more r e l i ance  must  he p laced on the  s t o c k p i l e  t -  snp ~ -~ r ’
dome s t ic  p r o d u c t i o n .  A s tudy  of the l i ke ly  i m p a c t  o~’ e x m - o r
controls and lost wartime markets , as well as exp an~i~~i w e t  ~-e

foreign (though not necessarily strategic or criti cal) needs ,
might reveal a very different set of assumptions. (‘onserva—

tive assumptions for their own sake are not in the best m t  eest

of the stockpile policy and only harm its credibility.
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Table 14. SHIFT IN EXPORTS UNDER MOBILIZATION

M o b i l i z a t i o n  
—

— 
Limited Full

Year  Year
Risk 1 2 3 1 2 3

1 -20 —15 -5 -20 -10 -5

2 10 15 20 10 15 20
DoD a -- - - - - - -~~~ --

3 EC -20 -20 -10 -20 -15 -10 $
OC 20 10 0 25 70 65

a DOD suppli e d  only from assured sources.

Table 15. SHIFT IN IMPORTS UNDER MO B IL i ZATION

Mo b i l i z a t i o n

Limited Full
_______________________ ________________________ S

Year  Year
Risk 1 2 3 1 2 3

1 40 35 30 40 40 40
2 20 10 10 20 20 20

aDoD - - - - - - - - - - - -

3 EC 50 40 35 60 50 40

OC 10 0 0 10 10 0
a
DOD s u p p l i e d  only from assured sources.

—4
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Tab le  16. H ISTORICAL  DATA ON I MPORTS AND EXPORTS
____ - -  

Export a I Impor t ~~~
Year Exports Im ports Shift

4 
Shift

19 3 9 10 .0 8 .7
1940 1 1 .0 8. 9

• 1941 11 .2 10.8

1942 7 .8 9.9 0.27 -0 .04

1943 6 .8 12 .6 0.36 -0.33

• 1944 7 .6 13.4 0.29 -0.41

194 5 10.2 13.9 0 .14 -0.46

1946 1 9.6 11.2

• 1947 22 .6 10.3

1 948 18 .1 1 2 .0
1949 18 .1 1 1 .7

• 1950 16 .3 13.6 0 .17 -0 .20

1951 1 9 . 3  1 4 . 1  0 .02  -0 . 2 4

19 52 18.2 15.2 0 . 0 7  -0 .34
1953 1 7 . 8  j 16 . 7  0.09 J -0.4l

~ The sh i f t  is k t where E t 
= ( 1 _ k t )E o i where

E t are expor ts  dur in g t he war  and E 0 a base
per iod . E 0 10.7 is the 1939 -41 avera ce

before World Wa r II , and E 0 = 19 .6 is the
1946-49 avera ge for Korea.

= (1_ j
t )M o where M0 = 9.5 is the 1939-

41 avera g e; 10 = 11.3 is the 1946-49
average .
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C . S E N S I T I V I T Y  OF THE MODEL TO THE SCENARIO ASSUMED

Given the basic charge of planning for a mobilization of
uncertain duration and magnitude , the National Security Coun-

cil and FFA necessarily face a dilemma in choosing any one

plan upon which to base the stockpile. How do such uncer—

tainties affect the requirements for materials? In this

sectIon we have used a hypothetical baseline mobilization as

a starting point , and then made six policy changes In the

basic assumptions to gauge their effect on material needs.

The basic mobilization was described by use of income in

Table 2, and it Is similar In composition and magnitude to

the guidance used by FPA in past years . The policies were
simulated on the University of M~ryland ’s INFORUM model.

Chapter IV will demonstrate the close similarlly between the

projections of this model and those of FPA . The results found

here almost certainly are equally applicable to FPA ’s model.

Table 17 shows the baseline requirements for fourteen
materials in the left—most columns. The percentage change In

these material requirements resulting from six policy changes

are shown on the right.

Pol i c y  Chan g e A: Reduce Persona l  Consumpt ion  Expend i tu re  by
Six Percent

This is a reduction of about $50 billion in spending .
The assumption of some austerity reduces material require—
ments for all materials except titanium , and reduces the
need for platinum by nearly seven percent . The reduc-
tion exceeds three percent for only four materials.

Pol ic y  Chan g e B: Sh i f t  30 Percent of Durable Goods Consump-
t ion to Nondurab les  and Se rv i ces .

This reduces durable good spending about $80 b i l lion but
leaves the total spending unchanged.  This has a substan-
tially greater effect in reducing material needs than
Policy Change A , as over half of the mater ial needs
shi f t  by f ive percent or more . Feathers , opium , and
quinine increase as they are used in nondurables (bedding,
food , and medicin e s) ,  while the rest of the mate~ Ialrequirements fall.
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Policy Change C: Halt All Consumer Purchases of Autos

Auto , truck , and trailer production for war and invest-
ment continue , but consumer sales are stopped. This
represents a drop of $35 billion in durable goods con-
sumption . Because autos use materials so intensively,
the downward shift in material requirements is lar-~e ,and it exceeds the changes in Cases A and B where the
dollar magnitudes involved in the changes were much
bigger.

Policy Chan ge D: Increase Investment in Producers D u r a b l e
Equi p ment and Nonres iden t ia l  S t ruc tu res
by 50 Percent Each.

This is a combined increase in spending of nearly $80
bi l l ion. The size of the new ma te r i a l  requirements
reflect both the large dollar increase and the material—
intensive nature of capital produc tion.

Policy Chan ge E: Repeat Policy Change D , but Set Res iden t i a l
Cons t ruc t i on  to Zero .

This is another form of civilian austerity, and it re-
duces residential spending by $30 billion from Policy
Change D. Some materials  requi rements  fa l l  s u b s t a n t i a l l y
when compared to D (cadium , lead , rutile) and other
(bismuth , nickel , silver) do not . The differences seem
entirely consistent with the use of the materials in
various types of construction.

Policy Chan ge F: Increase Defense Spending by $24 B i l l i o n
for Goods an d Serv i ces

This is a 13 percent  change in defense spending, but with
30 percent  or more of this going for salaries and pay-
ments for services which do not consume materials.
Materials extensively used in defense applications——
beryl , ca dmium , tantalium , and titanium——responded very
significantly to DoD purchases.

Given the uncertainties involved in scenario building for a

future war , It Is unlikely that any of the policy changes

outlined could be easily dismissed. Yet very substantial

changes in s tockpi le  requirements do result from shifting
policies. Any assessment of the adequacy and accuracy of the

model must take this tremendous uncertainty as a starting

1414

.:- -“ -- -- ~~i:-. : .
---~ — — ---- .--- -- -.- - - —  ~~~~

— - _____



____ - - - - - - - - - - -- -—------ ----— -—-- — -- --- -- - ---~~~~~—

P point . The remainder of this report is couch~~1 in term s of

accu racy  ~r iven  the  b u s i c  c c e n o r i o .  No model  c-h r. c om p e n s ot e
for in-iccurate assumptions made at the scenario level , and

unce r t a i n t i e s  here w i l l  r ema in  w i t h  us in every  nrojection

P made no matter how good the model may be ; however , a c r o l

model must be consistent with these assumptions and mu s ’.
r e f l ec t them a c c u r a t e l y .

t D . CONCLUSIONS

This chapter has reviewed t he  basic ns~- -~ro~ - ~~nS on

~h any projection of mater i:~1 requirementjs must be h~ sed .

The bas ic  c on c l u s i o n  is tha t t h e  h i~~h i y  s p e c i f i c  a ss um rct i -~ns
required by the m odel are d ffi~~olt to f~~-mul ~~~e because  of
u n c e r ’t a i n t i ° s  inv o lved  in th ~- l a n n i n p -  re cess. The choice

of  any One s c e : ta r i o  is a s u bj o :  i-io an d sn e c u l a t  ive  p r o c o s s
g iven  Lhe v c i e .~i t u d e s  of i n t er n a t i o n a l  r o l a t i o n s .  No m a t t e r
how the  sce nciric is chosen , gr eat  u n c ° r t a i e ty  mus t  p e r s i s t
c o n c e r r i n —  ~t s  a b i l i t y  to finally reflect. the future. This

basic ur -e r ~.~Jn t y  ca r r i e s  th r oc~Th to the  e s t i r o t e s  of m a t e r i a l
rea u ir ’emen s and cannot  be reJ~ ced by any model i ng p r o c es s .
A good rr Hel w i l l  s i mp l y  do a rood j o b  of r e f l e c t i no  p o s s ib l y
dubious assamor I

~iOr e sn :ci h o  conclusions can he drawn as follows c°n—

cern1n~ ‘he sc reiH°.

• There seem to be problem s in FPA’ s investment planning.
Ex ans ion  of c a p i t a l  facilit ies to expand wartime
p r o d u - t i o n  appears  to hove been to t a l ly  n e g l ec t e d .
This  r e su l t s  f rom bas ic  ~l e f in i t i o n al problems in u s i ng
the “uses of income ” definitions , but it can he easily
remedied within the context of the current model.

• The b read th  of cho ices  of scen arios offered by FPA is
qu ite wide. They have made little headway in providing
a meaningful rationale to choose among them , and the
uncer t a i n t i e s  s u r r o u n d i n g  the  p o t e n t i a l  use of the
stockp i l e  a d m i t t e d l y  make t h i s  d i f f i c u l t .  The o f f i c i a l
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sanction given the scenario chosen by the National
Security Council and FPA does not go far In reducing
this uncertainty, and the scope of this uncertainty
must  be r e c o g n i z ed .

• Lacking good rattonales for describing possible shifts
in the uses of income for some flows , it appears that
FPA has made a decision to “play safe ” by making conser-
vative assurcrctior~s. There are other means of describing
possible changes in income flows in some of these cases.
Conservat ive assumptions for their own sake may simply
hurt the credibility of the entire planning process.

• The scenario does affect material needs in a signi-
ficant way . A series of policy changes made in a one—
a t — a — t i m e  manner produced broad s h i f t s  In ma te r i a l
needs . Worki ng together  as a series of a s sumpt ions
in a scenario , extensive changes in material needs
could be p roduced by these po l i cy  changes .  The scenario
must be counted as a major source of uncertainty when
judging material requirement estimates.
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Cha pter III

IMPLEMENTING THE INPUT - OU TPUT A N A L Y S E S

This chapter will review the implementation of’ input—

output analysis in the FPA computations. Input-output Is

an ex t r eme ly  s imple  concep t  t h a t  appears  complex  o n ly  when

• implemen ted  on a larger  sca le .  A c c o r d i n g ly ,  t h e  f i r st  part
of t h i s  chapter  is a small  example  w h i c h  makes e x p l i c i t  the
a s s u m p t i o n s  and the  da ta  r e q u i r e m e n t s  for  a bigger  n o d e l .
We can sol ve the  e x a m p l e  w i t h  elem en t a ry  ari~~h m n e t i c ;  the only

d i f f e rence be tween  the  example  and FPA p rocedu re s  is the
difficulty of mathematicall y solvino a bigger problem . All

the concepts  remain the  same be tween  the  example  and F P A ’ s
mod el ;  the problem s and quest ions  unearthed will apply to  the
larger scheme as well.

A . A SMALL EXAMPLE

1 . The Da ta

Let ’ s assume a smal l  economy w h i c h  n r odu ces  on ly  two
goods——steel and aircraft . Only two sources of final demand

or requirements exist for these goo~~s . those of households

for consumption and those for defense (we are ignoring foreign

t rade , inves tmen t , o ther  government  r e . lu i r emen t s , etc.).

Labor is the  only  i n c o m e — e a r n i n g  input  and  is provided by

households. Table 18 summarizes the data required to construct

an input—output model of this hypothetical economy .

Entries in the first row show that steel used $10 of
P

i t s  own ou tpu t  ( sc rap , steel  m a c h i n e r y ) ,  $50 was  sold to the

aircraft Industry , $20 was purchased by households for
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Table 18 . TRANSACTIONS FOR AN INPUT-OUTPUT MODEL OF A
HYPOTHETICAL ECONOMY (DOLLARS)

Steel Aircra ft’ Households Defense TOTAL
From 

~~~~~~~~~~ 
( $ )  (5) (5) Cs ) ($)

Steel 10. 50. 20. 20. 100.

Aircraft 40 . 40. 50. 100. 230.

Households 50. 140 . 5. 10. 205.

TOTAL 100. 230 . 75. 130.

consumption , and $20 was purchased by the Defense Department .

Aircraft sold $140 of its output to the steel Industry , pur-

chased $140 of its own output , and sold $50 to households and

$100 to the Defense Department.

The last row shows that households sold $50 of labor to

steel , $1140 to aircraft , $5 to itself (gardeners , baby-

sitters), and $10 to DoD. Labor is the only productive input

in our model , and the sum of this row is equal to total

value—added or (for this simple case) Gross National Pro-

duct of $20 5 .

If’ this table Is read by column rather than by row , it

can be interpreted slightly differently , showing the inputs

(rather than the sales) of each sector and the composition of

final demand . Steel acquired $10 of input from itself, $140
of aircraft , and $50 of labor to produce $100 of output .

Similarly , to produce $230 of aircraft the industry used

the following inputs: $50 of steel , $140 from itself , and

$1140 of labor . The last two columns show the composition

of final demand . (The “uses of income ” In this model are
equal to the total value—added——the only “source of income .”)
Each of the two columns show not only the total f inal  demands
by consumers and defense , but they also show this  to ta l
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1
I

broken down by i n d u s t r y .  Total  consumpt ion  by households
($75) cons i s t s  of $20 of steel , $50 of aircraft , and $5 of
its own labor; Defense c o ns i s t s  of $130 of output  purchased
as $20 from steel , $100 from aircraft , and $10 of labor.

I Let’ s maintain the dist inction made by reading Table 18

by i ts  columns and regard the input—output model as consistino
of two parts: the first two columns are transactions among

industries and the last two are final demand columns . The
P f i r s t  two columns are used to derive the table of i-ru t-ou tpu~

c o e f f i c i e n t s .  If we take the value of output  for each industry

and divide through the f i r s t  two co lumns , we ob ta in  Table 19.
The in te rp re ta t ion  is the same as before but placed on a

P “ per dollar ” bas is ;  a do l la rs  wor th  of inputs  ( f r o m  steel ,
a i r c ra f t , and households)  is necessary to produce a dollars
worth of ou tpu t . These c o e f f i c i e n t s  are the basis of most

• i n p u t — o u t p u t  f o r e c a s t i n g .  If we assume these c o e f f i c i e n t s
t remain unchanged (no s u b s t i t u t i o n  is allowed , technology

remains the s a m e) ,  we can forecas t  o u t p u t  requi rements  for
any set of f i na l  demanCs.

Table 19. TABLE OF INPUT -OUTPUT COEFFICIENTS
( DOLLARS PER DOLLAR)

Stee l  A i r c r a f t

S tee l  0 .10  0 .22
Aircraft 0 .40 0.17

I Households 0.50 0.61

~~~T A L S ~~~~~~~~ 1 . O o 
-
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2. Fo recas t i ng  w i t h  Inpu t -Ou tpu t

Table 20 summarizes the data requirements for a forecast.

Table  20. DATA REQUIRED FOR A FORECAST USING
INPUT-OUTPUT ANALYSIS

From ~~~
- -.-~~~~~~~ Steel  A i r c ra f t  Households  Defense

Steel 0.10 0.22 DHS DdS

Aircraft 0.40 0.17 DHA DdA

Households 0.50 0 .61 DHH DHd

The input—output table on the left is for steel (5) and air-

craft (A), and on the right is a set of final demands on these

industries and on households (HDS is demand by households

for steel , DdS Is the demand by Defense for steel , etc.).

Total demand for steel is

S = 0.10S + 0.22A + DHS + DdS;

total demand for aircraft is

A = 0.1403 + 0.l’7A + DHA + DdA

The f inal  demands must be set exogenously .  Assuming that a

war occurs in our hypothe t ica l  economy , consumpt ion remains
the same as in Table 18, but Defense spending doubles. This

expansion of Defense requirements  sets off  a complicated chain
of events .  The expanded needs for  a i rc raf t  impose new needs
for steel (and aircraft) , and hence for more aircraf t and steel
as inputs  to the steel and a i rc ra f t  Industr ies , and on and
on. New f ina l  demands impose direct  and indirect  requirements
for these  goods as in termedia te  output .

To compute total requirements for our example is a trivial

matter. Using the assumptions and the data In Table 20 we have :

50
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DHS = 20 DdS = 140
DHA = ~0 DdA = 200

S = 0.J OS + 0.22A + 60 ,

A = o.14os + 0.l7A + 250

If we solve these two equat ions  t r ea t ing  S and A as two un-

knowns , we f ind  S = 159.5 and A = 377.6 are the total output

requirements .  Table 21 compares these total outputs to the
P direct and indirect requirements for both industries.

Tab le  21 . DIRECT , INDIRECT , AND TOTAL REQUIREMENTS
IN A MOBIL IZATION EXAMPLE

_____________- ____________________

Requirement Direct Indirect TOTAL

Steel 60 99.5 159.5

A i r c r a f t  2 50 122 .6  377 . 6

3 . Some Quest ions Raised by the Example

The example above was simple and required only rudimen-

tary techniques. In all essentials , it is no different from

the larger problem solved by FPA . The most important thing

that  comes out of the solution to the problem Is t h e  dis t inc-
tion between total output and direct and indirect outputs.

One of the criteria established in Chapter I to judge the

FPA model was its a b i l i t y  to  a c c o u n t  for  a l l  i n t e rmed ia t e
o u t p u t s .  The model does t h i s  and does it very well , but  It
becomes clear that there is a price attached . The model is

easi ly  computable only If there is no s u b s t i t u t i o n  or change
In technology . Such chan~tes are seen to be a possibility in

emergency conditions and are suggested as important criteria

for judging the model. Some adjustments for substitution are

made by FPA , but (as we will see) the procedures are neither

complete nor necessarily consistent .
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In the rest of this report we will take up the following

questions , all of which are raised by our example.

• The data requirements are clearly quite extensive for
both the table and for the final demand columns . The
Bureau of the Census and the Bureau of Economic Analysis
provide much of th is  data and some are derived by FPA .
Do the age and quality of the data affect the results?

• Capacity is not mentioned in the example , and ~t Is not
part of FPA ’s current model. Does it matter signIfi-
cantly? Can it be Included?

• How Is substitution handled? Among industries? Among
materials?

•How do we get to the materials level? The industries
in the i n p u t — o u t p u t  table  are broad indus t r i a l  sectors——
steel , nonferrous metals , aircraft , electronics——
which are very large compared to the markets for exo-
tic materials such as beryllium , titanium , etc.

B. THE DATA RE Q UIREMENTS

The data requirement s were made clear from our example:

a set of input—output coefficient s showing the technology of

American Industries and a set of final demands by Input—output

sector . Each of these will be considered in turn In this

section . The FPA model uses an 86 sector Input—output table

of the United States for 1958. The 86 sectors col lect ively
exhaust all output and are necessarily broad groupings in many
cases——chemicals , paper , autos , etc. Final demand is divided

on the basis o f the “uses of In come ” definition of GNP as des-

cribed in the previous chapter.

1 . The In put-Output Table

The input—output table describes the input requirements

(in dollars) from each of the 86 sectors needed to produce

one dollar of output by each sector. This Is a description of

the technology——the production or input/output relationships——

among broad sectors of the entire economy . Over time we may
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find that as the relative prices of materials change , the

product mix , the production techniques , and the product de—

• signs may change .’ Each of these can and w i l l  change the

coefficients of an input—output table , and the description

of the  economy embodied in the table ought to change to re-

flect these new conditions. It is a watchword among input—

output forecasters that change occurs slowly (which is well ,

as the 1972 t ab le  wi l l  not be available for a year or more).

• L a r - in data availability of five or more years probably leave

ample oppor tun i ty  for t echnologi y to o u t s t r i p  the  mode l .  Table
22 shows coefficient changes between 1967 and 1972 among

i ndus t r i a l  c o e f f i c i e n t s  where sales to each buyer  exceeded  $1
bi l l ion . A number of c o e f f i c i e n t s  w i th  smaller  f lows  showed
much more dramatic change , demonstrating that even over a five-

year period , major sectors are subject to change . Figure ~
shows changes between 19147 and 1958 in the use of aluminum by

user firms in the left panel. If these coefficients had not

changed , they would lie on the heavy diagonal line ; change

seems to be the rule rather than the exception. The FPA model

Ta b le  2 . C O E F F I C I E N T  CHANGE BETWEEN 1967 AND 1972
* 

( $  M i l l i o n  1972 )

Ra t io
1 967 C o e f f i c i e n t s

Seller B uyer Purchases 1967/1972
Iron Ores S teel 1 ,77 0.3 1 . 1 1 7
Cru de Petroleum Petroleum R e f i n i n g  13 ,954.5 0.905
Steel Motor V e h i c l e s  3 ,577.5 0. 919
S t eel Other  S t r u c t u r a l  M e t a l s  1 ,977 .4 0 .949
Steel  Meta l  Cans 1 ,521 .9 0.837
Steel Construction , Oi l  F ie l d 1 ,082 .0 0 .85 0
Cop p er Non -Fer rous  W i r e  1 ,228 .7  0 .892
Source: Inter -Industry Forecasting Model at the U n i v e r s i t y

of Ma ry 1 and 
- --_____ ___________________________ J

p ‘For a discussion of why these coefficients change see Per Sevaldson,
“Changes in Input—Output Coefficients ,” Ch. 16 in Tibor Barna (ed.),
Structural Interdependence and Economic Development (New York: St.

~1artin’s Press, 1963).
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now uses 1958 coefficients , and the right panel shows the pro-

jected changes in aluminum usage between 1958 and the early

l970s. Figure 5 shows all of these same results for the use
of copper .

There are means of updating tables even If lags occur in

data availability.1 As we noted above , the right—hand panels

of Figures 14 and 5 were projected into the 1970s; this was
done essentially by expert review.

Most major changes in technology of production
of product design can be anticipated by industry
specialists five or more years before they are put
into u s e . . .  .Given th i s  key product  in fo rma t ion  and
general familiarity with price levels and trends in
material markets , experts are in a position to
predict material coefficients provided they work at
a very fine level of detail .2

A strong rationale for expert review seems to exist. Trends

in materials and Industrial markets are reviewed regularly by - •

the Commerce and the Interior Departments , and they could be

called upon to assist  in keeping the model abreast of material
marke ts .  Other means of upda t ing  the model by more mechanical

1We disagree with EPA argLmlents against this, e.g. A.A. Schulman, DITT
Data Estimates and Input- Output Review, 1ST 103, Off~~e of Preparedness
(February 1972), pp. 32—33. Several reasons against such updating
are offered: (1) “...studies may provide reasonably good information
on the direction of change but are less dependable in terms of the
actual an~ unt of change... “ ; (2) “ . . .increased purchases of a given
material is riot sufficient information for an accurate coefficient
change without comparable 1-a-iowledge regarding.. . other materials classi—
fled in that sector...”; (3) “ . . .agency interest is with final demand
and total output, rather than interm ediate relationships...” ; (14) “...it
is necessary to have many more personnel resources... . “ The first two
reasons may be true for some cases but hardly provide a basis for
blanket condemnation; the third is wrong as total output is the center
of interest and is the sum of final demands and intermedIate r ~uirements.

2Anne P. Carter, Structura l Change in the American Economy (Cambridge,
Mass.: Harvard Univ. Press , 1970). The projections were done by
Arthur D. Little, Inc., for Scientific American, Inc., in a study of
technological change as indicated by basic shifts in 1—0 coeffIcIents.
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0. 1 0.06 0.04 0.02 0.01 0.006 0.004 0.002 0.001 0.001 0.002 0.004 0.006 ~

1947 COEFFIC IENT EARLY 19?~

(1) Live stock (14) Food (29 ) Drugs , soaps , etc .  (43 ) Eng ines & turbines (55 ) U
(2) Crops (15)  Tobacco (30) Paint (44) Farm equi pment (56 )
(3 ) Forestr y & fishing ( 1 6 )  Textiles ( 3 1 )  Petro leum refining (45 ) Constr. & mining eq. (57 )
( 4 )  Agr ic . services ( 1 8 )  Appare l (32 ) Rubber prod . * 

etc . ( 46) Materials hand. eq. (58 ) I
(5)  Iron mining (20 ) Wood & products (33 ) Leather tanning (47 ) Metalworking eq - (59 ) I

(6)  Nonferrous mining (21 ) Wooden containers (34 ) Shoes (48 ) Special i .  eq - (60 )
(7) Coa l minin g (22 ) Household furniture (35) Glass & products (49 ) General m d .  eq. (61 ) 1
(8 )  Petroleum mining (23 ) Office fu rn iture (36 ) Stone & clay prod . (50 ) Machine shop prod . (62 ) I
(9 )  Stone & clo y mining (24) Paper & pro ducts (37) Iron & steel (5 1 ) Office & comp. mach. (63 ) P

(10 )  Chemical mining (26 ) Printing & publishing (38) Nonferrous meta ls (52 ) Service m d .  mach . (64 ) I
( 1 1 )  New construction (27) Basic chemicals (39) Metal containers (53 ) Electr ical  apparatus (65 ) 1
( 1 2 )  Maintenance constr . (28 ) Synthet ic materials (40 ) Heating, etc.  ( 54 )  Househa ld app liances (66 ) T

( 4 1 )  Stamp ings , etc.  ( 67) I
(42 ) Hardware , etc.

1Eac h point indicates t he value of the coeffic ient for a sing le 76—order consuming sector in each of two years.

Sou rce : Anne P. Carter , Structural Change in the American Econom y (Cambridge , Mass.: Harvard Univ.
Press , 1970) . The projections were done by Arthur 0. Little , Inc. ,  for Scientific American , Inc.

F igure  4 . DIRECT ALUMINUM COEFFIC IENTS FOR 1947 , 1958 , and
EARLY 1970s (Dollars per D o l l a r  in 1958 Prices)’
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EARLY 1970s COEFFICIENT

rugs , soaps , etc.  (43 ) Eng ines & turbines 155 ) Li g ht. & wiring eq. (68 ) Uti l i t ies
lint ( 44 )  Form equip ment (56 ) Communication eq. (69 ) Trade
,tro leum refining (45 ) Constr . & mining eq. (57 ) Electronic compon. (70 ) Finance & insurance
,bber prod., etc . (46 ) Mat eria ls hand. eq. (58 ) Batteries , e tc .  (71 ) Real estate & rental
ot her tanning (47) Metalworking eq. (59 ) Motor vehicles & eq. (72 ) Hotels & pers . serv .
roes ( 48) Special in 

~~. (60 ) Aircraft (73 ) Business services
loss & products (49 ) General m d .  eq. (61 ) Trains , shi ps , etc.  ( 74) Research & dcv .
one & clay prod. (50 ) Machine shop prod . (62 ) Instruments , etc . (75 ) Auta. repa ir

~n & steel (51 ) Office & camp. mach . (63 ) Photo , apparatus (76 ) Amusements , etc.
onferro s .j s metals (52 ) Service m d .  mach . (64) Misc , manufactures (77 )  Institutions
eta l containe rs (53 ) Electrical app aratus (65 ) Transportation (80 ) Nonc o mp. imports
eat ing, etc . (54 ) Household app liances (66 ) Tele phone (81 ) Bus, travel , etc.
anipings , etc . ~7) Radio & tv broad. (83 ) Scrap

~ dwa re , etc.

ler consuming sector in each of two years .

(Cambr idge , Moss.: Harvard Univ.
•, Inc. , for Scientif ic American , I nc.
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0 . 1  0.06 0.04 0.02 0.01 0.006 0.004 0.002 0.001 0.00 1 0.00 2 0.004 0.006 0.01 0
1947 COEFFICIENT EARLY 1 970s COEFFICI I

( 1 )  Livestock ( 1 4 )  Food (29 ) Drugs , soaps , e tc .  (43 ) Eng ines & turbines (55 ) Li ght. & wiring
( 2 )  Craps ( 1 5 )  Tobacco (30 ) Paint (44 ) Farm equi pment 156 1 Com munication
( 3 )  Forestr y & fishing ( 1 6 )  Text i les ( 3 1 )  Petroleum refining (45 ) Constr . & mining eq. 157 ) Electroni c c amp
( 4 )  Agric. services ( 1 8 )  A pparel ( 3 2 )  Rubber prod., etc . (46 ) Materials hand. eq. (58 ) Batteries , etc.
(5) Iron minin g (20 ) Wood & products (33 ) Leather tanning (47 ) Metalworking eq. (59 ) Motor vehicles
(6 )  Nonferrous minin g (21 ) Wood en containers (34 )  Shoes (48 ) Specia l m d .  eq. (60 ) Aircra Ft
( 7 )  . Coal mining (22 ) Household furniture (35 ) Glass & products ( 49) General m d .  eq. (61 ) Trains , shi ps , i
( 8)  Petroleum mining (23 ) Office furniture (36)  Stone & cioy prod . (50 ) Machine shop prod . (62 ) Instruments , etc
( 9 )  Stone & clay mining (24 ) Paper & products (37) Iron & steel (51 ) Office & camp. mach. (63 ) Photo. opporo $s

( 1 0 )  Chemical mining (26 ) Printing & publishing (38 ) Nonferrous metals (52 ) Service m d .  mach . (64 ) Misc.  manufa ct
( 1 1 )  New construction (27 ) Basic chemicals (39) Metal containers (53 ) Electr ical  app~* otu s (65 ) Transportation
( 1 2 )  Maintenance constr . (28 ) Synthetic materials (40 ) Heating, e tc .  ( 54)  Household app liances (66 ) Telep hone

( 4 1 )  St amp ings , etc. 16 7 1 Rodio & ty brol
( 42) Hardware , e tc .

1 Each po int indicates t he value of the coefficient for a sing le 76—order consuming sector in each of two years .

Sour e : Anne P. Carter , Structural Change in the American Econo my ( Cambridge , Mass.: Harvard Univ.
Press , 1970). The pro ject ions were dane by Art hur 0. Litt le , Inc. ,  far Scientif ic American , Inc.

Figure 5 . DIRECT COPPER COEFF ICIENTS FOR 1947 , 1958 , AND
EARLY l97 0s (Dollars per Dollar in 1958 Prices ) ’
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EARLY 1970s COEFFICIENT

(4 3 1  Eng ines & turbines ( 55) Li g ht. & wiring eq. (68 ) Ut i l i t ies
(44 Farm equi pment (56 ) Communic ation eq. (69 ) Tr ade
( 4 3  Co ns t r . A mining eq. (57 ) Electronic c onlpon. (70 ) Finance & insurance
(46 ) Materials hand . eq. (58 ) Batteries , e tc .  (71 ) Real estate & rental

4 7 )  Meta lworking eq. (59 ) Motor vehicles & eq. (72 ) Hotels & pers. serv.
48) Specia l m d .  eq. (60 ) Aircraft (73 ) Business services
49)  General ir rd . eq. (61 ) Trains , shi ps , e tc .  (74 )  Research & dcv .
150) Machine shop prod . (62 ) Instruments , etc .  (75 ) Auto , repair

51 ) Office & camp. mach. (63 ) Photo. apparatus (76 ) Amusements , etc.
( 52) Service m d ,  mach . (64 ) Misc . manufactures (77 ) Institutions
( 53) Electr ica l  apparatus (65 ) Trans portation (80 ) No ncomp. im ports
( 5 4 ) Household app liances (66 ) Telep hone (81 ) Bus, travel , etc.

(67) Radio & tv broad. (83 ) Scrap

ctor in each of two years.

~ioss. : Harvard Univ.
lentifi c Amer kan , Inc.
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p or h u e r i s t i c  me anC ir~ av a i l ab l e , b ased on t echno log ica l
t r ends  or by u s i n g  new cont ro l  t o ta l s  from the National In—

come A c c o u n t s . 1 These might  be cons idered  as well as expert,
re view , or in tandem w i t h  i t . 2

The del ay in dropping  the  1958 t a b l e  ( w h i c h  FPA is now

doing) and moving to the 1963 or 1967 tables strikes us as

ha ving  taken longer than necessary . 3 Al t hough t here ar e

problems in us ing  these new tables (deflators and “bridge

t ab les ” are not c o n s i s t e n t ly  a v a i l a b l e )  it seems f e a s i b l e
th at these  data  could have been used years ago as an -a i d  in
improving  the 1—0 e s t i m a t e s .  The data are a v ai l a b l e  a n i
should be applicable to the  FPA sys tem wi th  l i t t l e  m o d i f ’ i c ’ a —
tion. We would hope that in Lhe  fu t u r e  srreater  e f f c r ’t  v i J . l be
made to keep the rndel as cur ren t  as p o s s ib l e . k

2. F i n a l  D e m a n d s by I n p u t— O u t p u t  Sec to r

The purpose of ~ri~~it - — output analysis is to arrive at

total output requirements by in d u s t r y  sec tor  g ivea  final

1See for example Clipper Almon, Jr., et al. , 7985: cr-Ind~s~ r:~ yere--‘cCts of the Unilid States (Lexington, Mass.: Lexington Books , 1975) ,
p. 135; K.J. Arrow and ~~~ . Hoffenber-g, A - -‘

~“e Series Analysis of
iu ’- z~4s t r? 7~ Demands, R3l8 ( Santa Monica, CA : RAND Corp., 1958).

2Tests indicate that (a) a model updated mechanically does slifbtly
better than one not updated in this way, and (b) judicious expert
review Pari~r’nves the model substantially . See the sources cited in
United litic’ns li ~ ti~;tisOi Office , T~irat—Ou tput Tables and Anal ysis ,
Series F, No. l’1, Rev. 1 (1973), ~~3Both were published in the Survey o - li’rent Business; the 1963 table
was published in 1969 and the 1967 table in l97~) .

~The only substantial study of change in the coefficients on an crinua l
basis was undertaken for the Netherlands. The prediction error in-
creased with t ime if’ older tables were used ; if the table was one
year old (t 1) the error was about seven percent, and then increased
proportionately with the s~uare root of the age of the table ( t> l ) .
It Lo not clear how this limited evidence carries over to the U.S.,

) bu t it is suggestive of the advantages of updating the model. Guido
Rey and C .B. Tilanus , “Input—Output Forecasts for the Netherlands,
19)4 9— 1958 , ” Econometri ca , 31 (July 1963), 14 514_53.
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demands. These final demands must be stated by industry

sector imposing substantial data requirements. Throughout

Chapter II, the total levels of various income components

(personal consumption , investment , etc.) were at issue .

Input—output requires that we know not only the total , but

how this total is divided among industrial sectors. Table

23 presents the form of the data for selected final demand

categories and selected industries in 1958.

Table 23 . SOME FINAL DEMANDS BY I/O SECTOR FOR SELECTED
I N iJU S T R I E S  ( MILLIONS OF $ 1958)

Federal Total
I/O Industry Personal Invest- G overn m ent Final

Sector Name Co n s u m p t i o n  ment _ —  P u r c h a s e s  De m a~~~J
7 Coal M i n i n g  334 26 3 ,944

18 A p p a r e l  17 ,000 -— 4 5 5  22 ,468

22 Ho u seho l d 3 ,558 232 33 4 ,950
F urn j ture

37 Primary Iron ! 28 -- 93 29 ,16 1
S teel

49 General m d  -- 1 ,787 163 2 ,455
Machi ner y

65 Transportation ! 11 ,010 989 971 17 ,329
Wa r e h o u s i n g

74 Resea rch  & - -  - -  856 1 ,106
Deve l  o p men t

76 Amusements 3 ,708 —- 13 4 ,337
84 H o u s e h o l d s  -— - - 24 ,793 53 ,235

a . FPA P r o c e d u r e s

Published data corresponding to th is  format are available
from essen t ia l ly  two sources .  First , the publ i shed  inpu t—
outpu t  tables  give these data for  personal  consumpt ion ,
investment , inventory changes , federal defense and nondefense

purchases , several categories of state and local purchases , and

net exports . 1 Secondly, these tables have been supplemented

‘See, for example, Bureau of Economic Analyses, Input-Output Structure
of the U.S. Economy : 2967, Vol. I—Ill (Washington, D.C. :  GPO , 19 ) .

60

- - .
-- -~~~~—~~~~~~~~~

------ - ,
~~~
-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~- .-—---- -



- -
~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~ 

- - ~~~~~~~~~~ C1*T

~~~~~

‘

by periodic pubi i -at n of u o T O  d e t a i l e d  th e.; (called “bridge ”

tables) breaking down Ln-omr ~- categories into N rk- r - I -oupl ru-s

and ex un inin the  change in  these  groupinon over t l i-~~ 1 These
s t u d i e s  tend to f o l l o w  p u b l i c a t i o n  of t he  i n p u t — o u t p u t  t a b l e s

i r r e g ula r l y  and at ln n o  i n t e r v a l s ;2 t h e y  e x p a n d  on a l l  u se s  of
p 

income for  any p u bl i s l cd m o d e l .

The F P A — c h o s e n  model  work s  at  a soa.ewhat more d e t ai l e d

level  than  the  level  at w h i - h  da t a  are u b l i s h e d  by ~he B u r e a u
of’ E c o n o m i c  A n a l y s i s .  Table  2~4 shows the number  of c a t e g o r i e s

in to  w h i c h  v a r io u s  i i i c o r n o c a t e g o r i e s  can be b roke r  d v w n  w i t h

each c o n s t i t u e n t  par t  b e in g  t r an s l a t e d  in t o  i n d u s t r y  r e c u i r e —

m e n t s .  The r~urnher of th~~se c a t ego r i e s  f r c m  r-eo’ilar p u b l i s h e d

sources  are sh own , alono w i t h  he n u m b e r  - :hich has  been
p i e c e d  t o g e t h e r  f rom mn’s-c dive r se  sources  by F P A .  The p rocess
of p i ec i n g  thise o at e g or i e s  tooe~ her  o f t e n  inv n lv ed mars: small
(and some less than small) inconsistencies ; all of these os-n’—

ced ures have been documented  at lenoth by FPA .3

The data  are used Lv a s s u m i n g  t h a t  t h~ p o r n en t a o e  o~’ ea d .
income c a t e g o r y  a l l o c a t e d  t o  pu r ch a s~~s f’s-cm each in ~u :~
sec tor  remains  the  same over tlin ’. S ur p r i s i nc J y,  s tu d i e s  bp
the  Bureau of Economic  A n a l y s i s  ( B E A )  supsort  t h i s  a s s u s p t i - u n
for  most  of the  c at e g o r i -~s t h e y  havc e x a m i n e d , and the  d i s t ri -
b u t i o n  of c o n s u m p t i o n , i n v e s tm e n t , and g o v e r n m e n t  s pen d i n g  over

1—0 s e c t o r s  has , in many cases , r e m a i n e d  f a L r l y  s t a b l e . 4 The

‘Published in the Survey of Current Business, estimates for PCE for 1967
uop :-ared in February 1975; PCE for 1963 appeared in the January 1971
i s n ~ c; and for 1958 , PCE data were published in October 1957. ~~ta on
producer durable equipment for 196 1 and 1967 appeared in February 1975.

2 For example , the tables for government expenditures for the 1963 input—
output tables were published in the Survey of C’urreei Rusinc’ss in May,
1975.

A.A. Schulman, Demand Impact Transportation 7il:7 ’c, RE’I 106, Cffic ’ of
sines-gencv Preparedness (February 1970).

~See , for example , Nancy fimni , “Personal Consumption Exoenditures in the
• 1978 Tn ut —Out it ft ’1nIy ,” Sut ;’o~ of Current Business (October 1965),

pp. ‘— 27 , 28.
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Table 24 . NUM BER OF CATEGO RIES INTO WHICH INCOME
M E A S U R E S  ARE B R O K E N  BY EPA

P o s s i b l e  From P u b l i s h e d  Derived
Income Measure Cate gories S o u r c e s  BY EPA

Gross National Product 246 64 182

Personal Consu mption 62 28 34

Gross Private Fixed 45 36 9
D o m e s t i c  I n v e s t m e n t
Change in B usiness 47 1 46
Inventories

Gross Ex ports 15 0 15

Gross Im ports 17 0 17

Federal Govern ment 45 0 45

State /Local Go vernment 15 0 15

Source: A .A . S c hulman , DITT Data Estimates and Input-Output
Review , IST- 103 , Office of Emergency Preparedness
(February 1972).

fact that a few significant changes do occur and that the data

are often a decade or more old must qualify any interpretation

of these data, but there seems to be little trouble in accept-

ing the data published by BEA as an approximation.

The data derived by FPA must be regarded as weaker on at

least two counts: (1) the data base and assumption used are

not as strong as those used in studies published by BEA ;~
(2) its derivation is generally unique and its stability over

time is unknown . The tables have employed numerous controls

to keep the totals In line with both logical constrains and

tm lnventory changes are, for example, almost strictly jud~nental. “Because
the lack of solid data requires the application of considerable jud~~ent,there is little point in describing the specific steps taken in esti—
mating the 1966 levels of inventory change activities.” Schulman, DITT,
op. cit., p. 36.
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control totals that vex-c available. Because the data are de-

rived at levels more detal led than that nurrnully published ,

there is little means to test its accuracy dIrectly; however ,

we have conducted a detailed examination of’ one sector in the

ne xt  s ec t ion .

b. De fe n s e  E x p e n dit u r e s

Defense needs ~n a m obilizatio n are significantly cuite
p s u b s t a n t i a l ;  t he  way t hese  needs  are nro~~ec t ed  is i m p o r t a n t

to the value of the mode l .  We a t t e m p t e d  to make a d e t a i l e d

assessment of the way these estimates were derived for the

defense sector and found it a difficult task. In fact , after

a substantial amount of work all we can say is that neither we

nor  FPA really understand how well their projections of final

demand by the Defense Deparoment really wm rk. This is no sn ail

criticism in itself. Because of the extremely detailed level

at which FPA works in deriving the i r’ f i n al  demand e s t im at e s

for Defense , they have exhausted all ava i lab le .c r r i or ~ data

and inserted their own judgment in )mr cases. Consecuently,

there ~ ts little to t~ st the results against. Given the are of

the data and the leve l of understanding of t-he effects of the

procedures used , the estimates are of questionable value .

(1) Defense Final  Deman d by Sector

The FPA Input—output model needs defense requirements

s t a t ed  in te rm of do l l a r s  segregated  by I n p u t — o u t p u t  s ec to r .

U n f o r t u n a t e l y , D e f e n s e  Depa r tmen t  p l a n n e r s  who c a l c u l a t e  de fense

r e q u i r e m e n t s  do not  plan in te rms  of i n p u t — o u t p u t  s e c t o r s , nor

should  t h e y .  Their  concerns  are w i t h  p l a n n i n g ,  p r o g r a m m i n g ,

and budgeting expenditures or with the actual procurement and

allocation of men and equipment. In the first concern , they
think in terms of budget categories; in the second , they deal
with numbers of men and different equipment types. Neither
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set of categories match up with the FPA input—output sectors ,

although all cover the same thing——defense requirements for

goods and services. The problem is to transform requirements

from categories meaningful to the defense planners into the

FPA input—output sectors so that the computer model can do Its

job.

The first part of the problem is to figure out what these

categories should be. There appear to be four main objectives

which often conflict:

(1) The categories should be familiar to defense planners.

( 2 )  The categories should be detailed enoug h so that the

purchase  p a t t e r n  o f  a d o l l a r  expende d in any one o f  these  cate-
gories does not change significantly in a rap id shift fro m
peace to war. In general, the total defense purchase pattern

will shift as the military ’s mission shifts from training to

combat and the nature of the conflict becomes known . A nuclear

war would have different requirements than a conventional war ,

as would a strategic and a tactical war . The mix of land , sea ,

and air conflict would also affect the pattern of equipment

requirements. Technological change is another factor affecting

the purchase pattern , but in the short—run ; this would be a

secondary effect compared to changes in the nature of defense

demand .

( 3 )  The categories should be as broad as possible to ease H

the job of the defense p l a n n e r .  The defense planner is given

a very general scenario and is asked to come up with defense

requirements In terms of dollar expenditures In each category .

The more detailed these categories are , the more work he must
do.

(Li ) The categories should be such that the coefficients

which d i s t r i b u t e  d o l l a r s  over the i n p u t - o u t p u t  sec tors  can be
est imated f rom ava i l ab l e  data .

6~
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The current FPA projcctions a--c based on defense expendi-

tures split over 30 categories , called “activities. ” These

categories are listed in Table 25. They correspond to budget

t i t l e s, wi th  Procurement  sp l i t  In to  26 groups co r re spond ing  to
the  type  of equipment  p r o c u r e d . 1 Viewed aga ins t  the  o b j e c t i v e
s t a t ed  above , t h e y  are r : x - ’i ab ly  a good cn ’npr~ mi se- . Some ad ’- a n—
tage might  be gained by mak ing  the  ca tegor ies  correspond to
bud get programs ( l i s ted in Table 2 6 )  r a ther  than budget  t i t l e s .
Budget  programs group de fense  goods and services by function/
miss ion  and , co n c e p t u a l l y ,  should be eas ier  to re la te  to a
scen ario de f ined  in terms of a m i s s i o n .  Viewin g  de fense  r equ ire -
ments  by was of the current FPA activities might present problems
as “Opera t ions  and Maintenance ” dollars do not distinguish

be tween S t ra tegic  and General  Purpose  Forces , nor does “Pu ss-lies”

dis t i n g u i s h  between those tha t  can be used in a convent iona l
war and those  that  cannot. If the scenario called for fightin~r

a conn~en t i n ’n a 1  war w i t h  general ourpose  f o r c e s , t h e n  the oor—

ch ase p a t t e r n s  assoc ia ted  wi th  the FPA a c t i v i t i e s  might lead
to concep tua l  d i s t o r t i o n s .

Once the  defense  ca tegor ies  have been determined , the
second part  of the problem is to estimate the coefficients that
represent  the  purchase  pa t t e rn  for  each ca t ego ry .  As an example ,

suppose there  are two defense categories——combat unit require-

ments  and support unit requirements——and the three input—output

sectors thc example used in the beginning of this chapter.
The defense  planners  es t imate  dol lar  r e qu i r emen t s :

S1 = dol lars  required by combat u n i t s .

S2 = dol la rs  requ i red  by support u n i t s .

1fhapter II also discusses these sectors and the sums of money for each
sector .
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Table 25. FPA DEFENSE ACTIVITIES

1 . M i l i t a r y  P e r s o n n e l
2. O perations and M a i n t e n a n c e

3 . Research and Development

4 . F a m i l y  H o u s i n g
5 . Mi l i t a r y  Construction

6 . Civi l  Defense

7. A i r c r a f t
8. Army M i s s i l e s

9 . Navy M i s s i l e s

10. Air Force M i s s i l e s

11 . M a r i n e  Corps  M i s s i l e s
12 . Ships — B u i l d i n g  and Conversion

13 . Ship Support

14. Army Electronic & Communications

15. Navy Electronics & Communications

16. Air Force Electronic Communications

18 . Army Ammunition

19. Navy Ammunition

20. Air Force Ammunition

21. Marine Corps Ammunition

22. Army Weapons and Combat Vehicles

23. Army Tactical Support Vehicles

~4. Army Support Equipment & Production Base

25. Navy Ci v i l  Engineer Support Equipment

27. Marine Su pport Vehicles

28. Marine Engineer & Other Equipment

29. Air Force Ve h i c u l a r  Equipment

~30. Air Force , Other Base Ma i n t e n a n c e  & Support Equipment
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Table 26. DEFENSE BUDGET PROGRAMS

C o m b a t  U n i t s

B P 1 .  S t r a t e g i c  Forces
BP2 . G e n e r a l  P u r p ose Forces

S u p p or t  U n i t s

BP3 .  I n t e l l i g e n c e  a n d  C o m m u n i c a t i o n s
BP4 . A i r l i f t  and Sealift

BP7. Central Su pply and M a i n t e n a n c e

BP8. Tra i n i n g ,  M e d i c a l , O t h e r  P e r s o n n e l  A c t i v i t i e s  1.
BP9 . Ad m i n i s t r a t i o n  and Associated Activi ties

O t h e r

BP5 .  G u a r d  a n d  R e s e r v e  F o r c e s
BP6 . Research and Development

BP 1O . Support of Other Nations

The c o e f f i c i e n t s  represen t ing  the purchase  pa t te rns  are of
the following form :

a11 = proportion sc -nt on aircraft by combat units.

a12 = propor t ion  spent on steel by combat u n i t s .

a13 = proport ion spent on labor by combat un i t s .

a21 = proport ion spent on a i r c r a ft  by support u n i t s .

a22 = propor t ion spent on steel by support units.

a23 = propor t ion  spent on labor by support  u n i t s .

Total de fense  f ina l  demand is computed as follows :

s1a1~ + s2a21 = f 1 = f ina l  demand for a i r c r a f t .
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+ s2a 22 = f 2 = final demand for steel.

s1a 13 + s2 a 23 
= 1

3 
= final demand for  labor .

The most direct method for estimating the purchase pattern

coefficients (aij) is to examine how defense dollars , grouped

by category , were spent  in recent  years  buying goods and
services grouped by i n p u t — o u t p u t  s ec to r .  U n f o r t u n a t e l y ,  the
last time such data were collected was for an unpublished study

done by the Research Analysis Corporation based on an analysis

of 1963 defense expenditures. 1 Besides being old , the data had

the added disadvantage of not being entirely consistent with

either the defense categories or the input—output sectors and ,

t hus , forced FPA into some guesswork of unknown value .

(2 )  Upda t i ng  the C o e f f i c i e n t s

There are two sources of published data that FPA used as

a guide in updating their coefficients. Both yield estimates

of the historical defense final demand vector (f
’

) .  One is a
reliable estimate , yet relatively out—of—date ; the other is

subject to greater error , yet relatively current .

The reliable estimate is the defense purchases vector pub-

lished by the Bureau of Economic Analysis in their input—output

studies. 2 Un for tuna tely ,  the most recent study is based on

data that are nine years old , yet it is more current than the

1963 RAC report . In order to use the data , one must first

estimate the defense expenditures in that year (S
i

) .  At this

point (f~ ) and (s j) are known and the defense final demand
equations

~~~
siaij 

=

1We have not seen this study, as neither FPA nor RAC can find it; It is
cited by Schulman, DITT, op. cit.
2The most recent study is Input-Output Structure of the U.S. Economy: 1967,
Bureau of Economic Analysis (197!!).
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constrain the purchase pattern coefficients (a1~~) .  Un for tun-
ately , there are more unknowns , (a jj)~ than equations , and one

needs additional inforsiation in order to solve for (a
id

) .  In
the example above there were six purchase pattern coefficients

and five constraining equations——three final demand equations

plus the two equations constraining the coofficients to be

proportions .

a11 + a12 + a13 = 1

a21 + a 22 + a 2 1

The equations could be solved if additional information were

available——e.g., the value of one of the coefficients or the

relationship between two or more of the coefficients. For

the  f u l l — s i z e d  problem , the  d i f f e r e n c e  between the number of
unknowns and equations is much greater  and , thus , the need
for additional information and/or educated guesses is much

greater. 1

Appendix A presents the current set of defense purchase

pattern coefficients , also called defense factor files. FPA

is in the process of adjusting them in the manner described

above so they will be consistent with the 1967 defense pur—

chase vector published by BEA. The coefficients are displayed

here since they are not published elsewhere. Defense planners

may find it useful to see how their dollars are assumed to be
r spent .

The other source of published data used by FPA is the

Bureau of the Census MA—175 survey on defense shipments. It

is a survey of certain four—digit SIC code industries and

‘FPA presumably uses a balancing procedure such as the well—known rAs
method used to update input—output coefficients, and which empirical
evidence indicates works well for input—output tables. Its value for
this application is entirely speculative.
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reports shipments to the Department of Defense. Its good

feature is that it is a yearly survey and is relatively cur-

rent ; survey results through 1973 have been published. However ,

MA—l75 survey data are limited: (1) The survey covers all the

four—digit SIC code industries that define the FPA input—output

sectors for only five sectors. (2) The survey totals are in

purchaser ’s prices , whereas the totals needed by FPA are defined

in producer ’s prices. Consequently transportation , warehousing,

and retail trade costs must be subtracted from survey totals

before they can be used. ( 3 )  The survey does not explicitl y

cover small firms , but uses an estimate of their contribution

to the totals. FPA uses the MA— 175 survey data only as a gross

check. Due to the uncertainties associated with the data , we

feel that this limited usage is appropriate.

We feel that FPA has used existing data in a reasonable way

to estimate the defense purchase pattern coefficients. On

the other hand , confidence in the coefficients is greatly

weakened by the age of the data used In estimating the coef—

ficients and by the amount of guesswork involved in the estima-

tion process itself. Even with the obvious weaknesses of the

MA—175 survey data , we felt that a comparison with FPA baseline

projections might show trends over time and provide some test

of confidence in the data. Table 27 represents defense require—

ments based on the MA— lYS survey data for the five input—output

sectors which were fully covered. The survey data were pub—

lished in current dollars , then deflated to 1958 constant

dollars , using INFORUM sector deflators , so that the totals

could be compared with FPA projections. To convert the survey

data to producer ’s prices , the average proportion spent by

defense on transportation , warehousing , and re tail trade was
calculated based on the BEA 1967 defense purchases vector.

This proportion was then subtacted from each MA—1 75 survey

total. Table 28 lists defense requirements projected by the
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Table 27 . DEFENSE REQUIREMEN TS BASED ON MA- 1 75 SURVEY DATA

(MILLIONS OF 1 958 DOLLARS)

1/0 F ~~ r
Numbe r Sec tor Name 19 65 1966 1967  1968 19 69 I 1970 1971  1 972

• 13 O rdnance / 2132.7 3 1 05. 0 4978 .2 6471.9 6612.5 4720.3 3179.3 3297 .8
Ac c e s s o r i e s

43 E ngines ! 245.0 345. 9 412.9 325.6 336.5 276J 252 .9 150.8:
T u r b i n e s

Elec tronic
57 Com ponents! 194. 4 240.8 326.2 358.3 3~ 5. 4 259.9 232.8 332. 7

t A c c e s s o r i e s

60 A i r c r a f t !  8018.6 9342.8 1 1 1 3 2 . 5  1 0710.1 9930.1 8780.5 7134.9 5869.6
Par t s

O p t i c a l !
6 3 P h o t o g r a p h i c  222.3 348. 7 361 .2 427.0 j 208 .7 1 1 4 . 7  1 2 1 . 0  I 1 7 6 . 3 1

E q u i p m e n t  
-

~~~~~~~ -
Ta ble 28. DEFENSE R E Q U I R E M E N T S  PROJECTED BY FPA

(MILLIONS OF 1958 DOLLARS) 

- - -

~

-

~~ 
~~~~~~~~~~~~e c to r Name ‘ 1965 1966

4 
1967 . 1 9 68  1969

4 
O_4~~~ fl 1 9~~~~

1 3 O rdnance! 3256 .0 4150. 7 5 9 1 1 . 4 6894 .3 68 38.1 5498. 4 4199 .9 4362.3
A c c e s s o r i e s  i

43 En g i n e s /  229 .5 218.3 246 .6 261.2 I 270.3 2 45 .1 204. 1 248.4
T u r b i n e s  

IElec t r o n i c
57 Co mponents! 343.0 378 .2 433.2 449.2 420.5 377.3 320.3 372.5 :

Accesso ri e s

60 Ai r c r a f t !  6287 .2 77 1 0 9 9253 .7 9627.6 8246 .8 6990 .5 5684 .1 5667 .5
Pa r ts

O p t i c a l !
63 Pho t o g r a p h i c  1 93. 2 2 1 6 .3 360.5 388.3 337 .8 j 277. 1 207.6 222.1

Equ im men t  
_ _ _—  -~~~~~~ 

j j

FPA model. They were generated by passiar FPA estimates of

defense expenditures through the current purchase pattern

coefficients (defense factor files). Table 29 is the percent

difference between the survey totals and the  FPA p r o j e c t i o n s ,
and Table 30 compares the survey totals and FPA projections

71
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Table 29. PERCENT DIFFERENCE = 100 x ((MA _ 1 7 5 ) _ ( FP A ) / ( M A _ l 7 5 ) )

Numbe r Sec tor Name 1965 1 966 1967 ~~~~~~~~~~~~~~ 197 0 T 

~ 

——113 Ordnance! — 5 2 .7 -33.7 — 1 8 . 7  - 6.5 - 3.4 -16.5 —32 .] -32.3
A c c e s s o r i e s

43 Engines! 6.3 36.9 40.3 19.8 19 .7 11.2 19 .3 -64 .7
Turbines

Elect ronic
57 Components ! —76 .4 -57.1 -32.8 -25.4 -25.4 -45.2 -37. 6 -12.0

Accessories

60 Aircraft ! 21.6 17 .5 16 .9 10 .2 17.0 20.4 20.3 3.4
Parts

Optical!
63 P h o t o g r a p h i c  13.1 38.0 0.2 9.1 — 6 1 . 9  - 1 4 1 .6  -71.6 -26.0

Equi pment

with the BEA defense purchases vector for 1967. The most

notable feature of both Table 27 and 28 is the increase in

requirements generated by the Vietnam War .

The most surprising result was the comparison presented

by Table 29. Of the three estimates of defense demand in

1967, the BEA data appear the most credible as they are based

on a more complete census of manufacturers. Using the BEA

data as a base , the MA—175 survey totals shows greater varia—

tion than the FPA projections. At least for 1967, the FPA

projections appear more accurate for these five sectors. It

should also be noted that there are significant differences

between the FP.~ projections and the BEA data.

Viewing Table 29 in the light of the comparison of Table

30, it is ~appr~ prIate to look only for large shifts over time

in the percent differences. From this viewpoint , sectors

!!3 and 60 might  bear wa tch ing  as , over time , FPA went from
underestimating relative to the MA—l75 data to overestimating .

Yet it should be noted that for both these sectors , defense
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contributed a relatively small portion of to ta l  demand , and
errors here will affect the total by a smaller amount . Two

lessons that can be drawn from these tables are that the MA—

175 survey data should be used only with great care , and that

the FPA data cannot be shown to be in error in a comparison

with MA—l7~ survey totals. We feel that , based on the fact

that the quality of the data is unknown and probably untest-

able against published data , there is a need for tracing

current defense expenditures and using this data to directly

re—es t i m a t e  the  de fense  purchase  pa t t e rn  c o e f f i c i e n t s .

T a b l e  30. A C O M P A R I S O N  OF T H E  MA - l 7 5  DATA A N D  THE FPA
PROJECTIONS AGAINST THE BEA FINAL DEMAND VE CTOR

(MILLIONS OF 19 58 DOLLARS )

BEA 1967 Defense 1967 Defense
I /O  1 9 6 7  Defense Final Requiremen t s B a s e d  Re quirements B a s e d

Num ber Sector Name Demand Vec tor on the MA -1 75 Survey on FPA Projections

13 Ordnance! 5608. 1 4978 .2 ( 11 .2 )~ 5911.4 (- 5.4)
A c c e s s o r i e s

43 Engines! I 345.6 412 .9 (-19.5) 246.6 ( 2 8 . 6 )
Turb i nes

E l e c t r o n i c
57 Components! 638.7 326.2 ( 48.9) 433.2 ( 32.2)

A c c e s s o r i e s

60 Aircraft! 7008.8 11132.5 (-58.8) 9253. 7 (-32.0)
Parts I

Optical!
63 Photograph I 314.7 361 .2 (-14 8) 360.5 (-14.6)

Equipment

alhe numbers in parentheses represent percent differences relative to the BEA data.
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C . TOTAL O U T P U T  P R O J L C ~~i UN S

Given final demands by sector , it Is possible to solve

(as in the example above ) for thE: total output requIred to

suppor 4 these final demands. The computational procedure

determines the intermediate requirements for each industry

once final demands are specified . One way to judge the accu-

racy of the input—output analysis is to gauge the accuracy of

the overall results. Because of the possibility of unfounded

assumptions cancelling each other in such a test (but later

failing to cancel in actual application) , it is not a fool-

proof guide to the  methodology ’ s ac c u r a c y .  Table 31 compares
the projections of shipments by industry sector in 1970 using

the FPA model 1 to the estimates of shipments from the Survey

of Manufacturers for the same year.2 The ratio of the FPA

estimate to the survey data is also shown , indicating a per-

centage error in the FPA projectiun with a median value of

just over four percent across the 52 sectors. The Census

data is itself an estimate and each sector probably has an

error of three (in a few cases maybe four) percent resulting

from the survey methods used . A small but significant error

exceeding these survey errors  is introduced into more than

half  the sectors  involved by u sir i r FPA p ro jec t ions . 3

Al though consola t ion  can be t aken  from the small size of
these errors , their frequency implies some caution must be

1Schu.lman, DITT Data Estimates , op. ci~ ., pp. 56—57. This source also
shows 1968 data which compares slightly more favorably to published
data.
2Shipment data are from U.S. Bureau of the Census , Annual Survey of
Manufactures: 1970, Industry Profiles, N 70(AS)—l0 (Washington, D.C.:
GPO, 1973).
3The error fi~~re for the Census data is taken from a casual examination
of the errors claimed in General Statistics for Industry Groups and
Industries , M71 (AS)—1 (Washington, D.C.: GPO, 1973). Errors at the
four digit level rarely exceed two percent for large sectors, but may
be much higher for small sectors. The average error (assuming no co-
variance) is probably well below four percent in most sectors.
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Table 31 . THE 1970 VALUE OF SHIPMENTS FOR M A N U F A C T U R E S  BY
FPA PROJECTION AND BY CENSUS BUREA U  ESTIMATES

( $  m i l l i o n )

I S PA 1 1 9 5 2 ’ . bA1~ SPA
1’ .) 51 C T: P TITLE E S T I M A T E  

- 
I’ ‘ i M O T I  9 ’  US

TOTAL M A N U F O C T U R I S S  642 ,526 i t O . 33?  10 1 . 3

1 3 J r d n a n s e  & a c c e s s o r i e s  9 ,129 8. 1 4 ,  1 1 2 . 1
Food & k i n d r e d  p r O d u c t s  99 .909 98 .533 1 01.4

IS ‘.
~~b o~ 

i a c t . r e s  5 . 795 5 .350 108 .3
16 B road & ‘ o c r . , , f a b r i c s , yarn & Thread m i l l s  1 2 ,14 12 .240 106.0
Ii M ’ s c e i l a n e o u s  c ,t ~ le goods il o o r c o c e r i n g s  4 ,718 4 , 7 92 98.s
8 A ppare l  27 .583 25 .049 110.1
9 ~~~~~~~~ l afl eo u s v t r i c a t e d  te d , le pr o4~~ ! 4 . 129 4 .2 1 1  , t ,  1

20 L .’~c r r  .‘.,od p r o d .~ct c , e a c e p t  ca nt i’ne r s 1 .131 12 ,s96 88.4
21 ,~ cd e n c o n t a , -  .. i-s  486 449 108.2
22 H ouseh o l d  t .~r n , t u r e 5 ,861 5 ,997 97 .7
23 ‘t Ie r f o r n , t u , e  6 6 t ~ r’ .- s 2 , ’ . ’g I  3 ,0 78 9 3 . 9

~4 Paper & a l l i e d  r r o d u ~ ts , ev ~ s—r ’. C Ont. ,E ne r 9  ‘3 ,0 1 1 . 20 ,941 66 .0
25 P a p e r b o a r d  c o n t a s c e e s  & b ow es 7 .032 6 ,938 10 1 . 4

P r i n t s9 & p u b l i s h i n g  26 , 365 55 ,75 7 102 . 4

27 Ch en ic a ls 6 se l ecte d  c h e n i c a l  pr od,,.ts 2 2 ,40, 22. 446 100 .0
28 P l a s t ’ s s y n t h 6 t i c  a T e c ’ .~ Is . 8 ,6 83 8 .601 101.0
29 Drugs , c l e a c ’ . s ’ g  & t o i l e t  e r e p a r s t ’ ,,ns 14 ,262 14 ,92 c 90 .5
30 Pa i n t s  & a l l i e d  p r o d u c t s  3 .222 3 .383 . 99 .2
31 t e ’ l e u n  ref I n ing & r el a t e d  l nd ..s t n ies 25 .243 24 ,883 101 . 4

32 Rubber 8 n s~ e l l ~ n no,s p 1as t ~~ p,6d, ’ . l~ 15, 4o1 5 ,471 100 ,0

33 . Leather t a n n i n g  9 ind ,, s~~r ,a1 7ea ’.s’r pr o d u c t s 9 4 4  844 11 1 .2
34 Footwear o the ,- e a t c e ,  pr od u ct s 4 .960 4 .444 1 1 1 .5

35 ul as s & g l a s s  ,‘03.. .ts 4 ,526 I 4 . 5 3 3  100 ,0

36 Stone & cla y  c r o d u c t s  12 , 317 12 , 228 100.7
A T Pris ’ac, - ‘.rc,, & steel — a ’ ,~ T , ’inq 33 ,750 ,i , s o o  ‘ 2 6 .6
38 P~’’~~~”y no nferro u s c e t a l s  an u f a s t u ’ .’ ’cg 21 .960 21 PBS 100. 4

39 Metal c o n t a i n e r s  . 4 , 128 4 ,3 0 3  1 0 0 . 6
40 O r a t I n g ,  p lur.bImg & s t r u c t u r a l  r ec tal p r oducts 13 , 32 1 14 ,063 94 .1
41 S Im p r e S s  . Sc reu m a t h  cc p r o d u c t s  & b e l t - , 9 ,898 9 , 797 1 0 1 .0
42 I Ot h er f a b r i c a t e d  n et a l pr o ducts 1 2, 55 4 11 .589 108.7
43 I E n g i n e s  & Iu ncc , ”fs 3 .87 8 4 .491 86.5
44  Fa r ’ .’. ma ch i n e r y  & e q~~~ ’r ’ r’ .- 7 4 .328 4 , 332 108.0
45 C o n s t r u c t i o n , w i n i n g & oil f r e l d ’ . r ’ a o h r n e r y  6 .528 6 .533 108 .0
46 M a t e r i a l s  h a n d l i n g  m a c h i n e r y  & e 4 u i p n e n t  2 ,699 2 ,75 7 9 7 .5
47 M e t a l w o r k i n g  m a c h i n e r y  I eq u ’ .s’ernt 1 .5 6 7  1 ,913 . 102 .0
48 S p e c I a l  ‘.‘d~ stry esa ch l nery B e q u i p e r e n t  6 .286 5 , 39 2 11 6. 6
49 General ‘ r . d .~s t n r o l  n , a c n r n e r y  8 e c , i p r n e r t  7 , 31 7 7 ,620 96 .0

50 °co n ’ . n e  shop products I 3 ,578 3 ,9 7 6  90 .0
51 O~~ lc e , co ’s _ t i n g  6 a cco u c l ’ . n q  m a ch e w s 7 ,432 7 .693 96 . 6

I 52 S e r v i c e  i n d u s t r y  n r a c h i ’ e s  I 5 339 5 .773 92 .5

53 E l e c t r i c  I n d u s t r i a l  e q u I p m e n t  & a p p a c .i t u s  9, 709 9, 47 7 102. 4

54 u o u s e h o l d  a p p l i a n c e s  6 , 265 5 ,03 3 100 4
55 I t l e c t ~ l c  li q ’ t l n g  & e r r i n g e q u r p n e n t  4 , 440 4 ,687 94. 7

56 RadIo , t e l e v i s i o n  & C o m m u n i C a t i o n  e q u i p m e n t  6 ,026 1 7 , 42 7 92.0

57 El e ctr o nIc components I acces sorIes 6 .99 2 7 .283 96.0

58 Misc , e l e c t r i c a l  m a c h i n e r y ,  equipment B s u p p l I e s  3 ,2 0 0  3 , 5 1 3 9 7 . 1

59 M o t o r  u e h l c l e s  6 e o u l p m e n t  48 ,633 42. 943 1 1 3 . 3
I A i r c r a f t  & parts 1 9 .761 20 .52 ’ 96.3

61 Other t n a n s p o r t a t r o n  e quipment 7 .686 , 0 .1 1 6  04 .3

82 S c i e n t I f i c  & c o n t r o l l I n g  i n s tru m en T s 8 .055 6. 41 8 94 3
63 O p t i c a l , o p h t h a l m i c  8 photographic equipment 5 ,129 5 . 364 95.6

L,~j _j ,M i s c e l l a n e o u s m a n o f a C t u r i n g  j,,,, 9.899 9, 74 5 10 1 .5

Sources , OTT? Doe~ 7 a f l i m r~~1aC , op. ‘ S n . , pp. 56 .S7~ rnduaeny 7 r ~,e,’ 1g., “r c i t . .’ T ’ r r c r ’  u b r u t
.J r r u  ‘‘ ure -f t h e  op.
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exercised ~. n a ccep t ing  the  r e su l t s .  The estimates are baoed

on u n t e s t a b l e  a s sumpt ions  in some caoes , and on weak data

which are difficult to test. A small but significant potential

for error is known to exist in the projections. Certainly the

estimates should be regularly and rigorously tested whenever

possible and the transformations regularly updated. As ~ap1e—

acuted by FPA , input—output is far from a perfect tool and it

r equ i re s  a t t e n t i o n  and constant updating to keep it credible.

D . C O N C L U S I O ~ S

The major conclusions to be drawn from this chapter are

that input—output analys~. s is a key segment of FP.A ’s material

projections ; that FPA’ s tDrocedures are broadly correct and

consistently applied; and that their data reruirements ,r~~~ke

their results uncertain. Compared to the potential far error

which might be introduced by the lack of vo lidity of the

assumed scenario or (as we will see in Chapter V) the error
introduced by da ta  on raw materials , the error Introdsced Ly

i n p u t — o u t p u t  seems c o m p a r a t i v e l y  small.

We think more care can and should be used in kecoini” the
model up—to-date and consistent .

• The input—output table needs to be updated regularly and
with greater attention than in the past. A wide range
of studies indicate the need for such updating. ~ech—

F anical methods are simple and inexpensive , and FPA
has access to a wide range of governmental expertise
at the Commerce and the TnterI~ r Departments that cart
assist in this effort .

• The composition of final demand is der!ved Ly assumr’—
tiorus that are untestable and on data that are old or
of dubious value . A detailed analysis of the DoD
requirements assumed by FPA reveal that they are parti-
cularly susceptable to such criticism . The age and
uncertainty associated w i th  these tables , combined
with the importance of DoD renuirements in a r’iobiliza—
tior , make a complete review i’rnrortant. We have no
assurance that small ex’rc~ra appo~’ent in “backcast in 2’- ’
will not be blown up wit h rreetly increased demand for
military equipment .
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• The errors in output projections aver”a5 red four t o  five
percent in absolute terms for 1970. These , encourar—
ingly, are small.

Recognizing that FPA has limited resources , we ru ggest
a closer liaison with groups making similar efforts would be

worthwhile. The INFORUM model at the Uriversity of ~1ary land 1

makes a substantial effort each ‘,‘ear to update its inrut—outr-it

table , to construct final d omand L y  sec tor , a nd to pr ed~ ct
total output . The INFORUP tat :.ll.’7s are updated mechanically and

1
by expert review. A wide r’ar~Te of governmental and industrial

c l ien t s  use the model and often ~‘c r . ’z’PJe detailed sectoral data.

Final demands are projected uring o wide range of e c o n o m e t r i c
t e c h n i q u e s .  FPA ’ s model and procedures  ‘-h t: be p r e f e r r e d  for
actually c om p u tin g  s t o c kp i l e  r e q u i o em e nt s , h i t c o m p a r i n g  the
basic data used by both  models , by c o n t r a s t i nr  the as ccm.aticns

and procedures , and by examinin g  the differences ir~ the esti—

mates of the models , might  f o r c e  a c~~n t In u e d  revi ’~w of both  data
and procedures on FPA . Having the i r  r e su l t s  c o n t i n u a l l y  chal-
lenged and h a v i n g  a s imi lar  basis  for  compar i son  might assure

be t t e r  e f f o r t s  at keep in g  u p — t o — d a t e .

p

1Almon , et al., op. cit.
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Cha p t e r  IV

THE A C C U R A C Y  OF THE M O D E L

The FPA model ic concerned with individual materials—-

cobalt , titanium , boryl ores , etc. The p r ej e c t i o n s  ob ta ined  i n
Ch ap te r  I I I  u s i n g  the  i n p u t — o u t i’ut model are for broad industry

groups which collectively describe the entire economy ; these

sec tors  are much la rger  in terms of sales v o l u m e  t h a n  the  o f t en
small , spec ia l ised  ma r k e t s  for  m a t e r i a l s  to be stockpiled . The

FPA model combines  the  Lnpu t— output projecti onc with ‘1 mat erial

sk i r t”  d a t a .  The r e su l t  is a series of proj ections of require-

ment s for individual materials.

The purpose of this chapter is to assi~ss the accuracy of

t h e  moJ~;l at the m a t e r i a l s  l e v e l .  In a sense these  r r o ..iec t~’ on s
are T ,h ~ bot ’ c m — l i n e  in a long sequence  of f o r e c a s t i n g,  p r o c e —
i’.~L” ’:S, and ~.he er rors  at the  m a t e r i a l s  level  are impor tan t  in
asseoc~~ng hew well  the  e n t i r e  process  works  and how the results
a r c  to be used . To assess  the a c c u r a c y  of the  FPA model , we
havt.,- t r i e d  to  gauge errors in the  model t h r o u g h  the  use of “hack-
c a s t s~ an d fo r e c a s t s .  Backcas t s  by FPA have been compared w i t h
h i s t o r ica l  data  f rom pub l i shed  sources , and w i t h  p r o j e c t i o n s  by
the IN FO RUM model over t h i s  same h i s t o r i c a l  period . Forecas t s
were de veloped for  a h y p o t h e t i c a l  m ob i l i z a t i o n  b e g i n n i n g  in
1978 , w h i c h  confo rms  b road ly  to past  scenar ios  used for  stock-
p i le  p l ann ing .  H i s t o r i c a l  data  are not ava i l ab l e  to t e s t  the
adequacy of f o r e c a s t s ;  but;  we con ~ ci c~~ed these f or e c a s t s  wlu 5~

t hose  of I~L’CRUPi , and then  compared them w i t h  a “di rect ” p ro —
,je c t i o n  of t i t a n i u m  r e q u i r e m e n t s .  (By “di r e c t”  we s l m p J y  moo n
that material use (for t i t a n i u m  spo nge o n l y )  was geared 1ir~ c ’ iv
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to  t h e  expanded p r o d u c t i o n  of m i l i t a r y  m a t e r i e l  (m o s t l y  air-
c r a f t ) ;  the  t n t e r m e d i a t e  c o n v ” sr ’si or j t.o dollars ar1g the input—

output table could be part,l,v skipped.)

IN FORU M ——an i n p u t — o u t p u t  m o d e l — — w a s  chosen  as a c o n t r a s t
bec ause it is wide ly  known and e x t e n s i v e l y  used . 1 I t provides
numerous  p rocedura l  c o n t r a s t s  to t h e  ~ PA model , bu t  it can be
adapted to provide  p r o j e c t i o n s  b ased  on t h e  same da t a .  It i n
prob ab ly  b e t t e r  ma in ta ined  and t h e o r e t i c a l l y  more sound than
FPA ’ s model , but it is a lso more difficult to apply to this
p a r t i c u l a r  p rob l em.

Taken together , the  c o m p a r i s o n s  here provide  a ser ies  of
useful contrasts: ( 1)  the  b a c k c a s t s  a l low us to c ompare two
s t r u c t u r a l l y  similar models  (FPA ’ s and INFORUM——similar given

thei r common basis  in i n p u t — o u t p u t  a n a l y s i s )  w i t h  h i s t o r i c a l
d ata on ma te r i a l s  usage ; ( 2 )  the  fo r ecas t s  comp are  the  r e s u l t s
of s t r u c t u r a l l y  similar models expected to pe r fo rm  in s imi l a r
ways; and (3) the  d i rec t  p r o j e c t i o n  is a compar i son  of dCfferent

models w o r k i n g  on the  same f o r e c a s t s .  The f a c t  t ha t  a l l  three
me thods prov ide  broadly  stm i l a r  responses  is encourag ing  in
asse ssing the  a c c u r a c y  of the  FPA model .

A . USE OF THE M A T E R I A L  S K I R T

The i n p u t — o u t p u t  a n a l yc~~s desc r ibed  in Chap ter  III t akes
accoun t  of d i rec t  and indirect requirements , and provides an

es t imate  of the  to ta l  o u t p u t  (Q. ) of eac h sec tor  required to
suppor t  the  m o b i l i z a t i o n . The “ sk i r t ” for  a p a r t i c u l a r  mate r ia l
describes the use of t h i s  mater ia l  in each indus t ry  sector
de f ined  as

= 
q u a n t i t y  of material

i d o l l a r s  of output

where there are i 1,... ,n sectors or industries. Many of

these will be zero values for a given material ; for example ,

1 Alrrion , ot; al .  , op. cit.
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titanium is used in the production of aircraft and industrial

machinery and it has only two non-zero values. Total use of the

material is projected by combining the “skirt” with the input—

output projections. The use of the material in the (i)th sector

is lvi . = C
~
Qi, and the total use of the material by all

i = ] ,, .  . , ,n sectors or industries is:

M = 

i~~l 
N . = 

1=1 
C iQ.

A f t e r  a d j u s t m e n t  for  s u b s t i t u t i o n  and poss ib le  t e c h n o l o g i c a l
t rends , th i s  f igure  is taken  as the  requ i rement  for  m a t e r i a l s .
It is c ompared to es t imates  of the  a v a i l a b i l i t y  of ma te r i a l s  to
de termine  the s tockp i l e  o b j e c t i v e .

B.  BACKCAST S 1970- 1975

The re are three major  areas in which  errors  can en te r  the
forecasts of’ mater ia l  u t i l i z a t i o n : ( 1)  the  s ta tement  of “ u ses
of income ;” ( 2 )  the  e s t i m a t i o n  of t o t a l  ou tpu t  u s ing  i n p u t —

~u tpu t  ana lys i s ;  and (3) in the materials skirt data. For pur—

poses of back casting, the uses of income are known e x a c t l y  f rom
published sources. ’ Errors uncovered here stem only f rom inpu t—
output results and the skirt data. It is almost certain that

estimates associated with a future mobilization and the associ-

ated uncertainty about future uses of income will produce results

more prone to error . These backcasts are made under very favor-

able circumstances compared to the forecasts , and the errors

found here are best interpreted as a lower bound on the errors

produced by the model.

‘The National Income and Pr~~uct Accounts published by the Department of
Corrn’.erce.
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1. INFORUM and FPA B a c k cast s

Fourteen materials were chosen for t he  b a c k ea s t s  made over
the period lo;7O~ 1975 . Tb ‘ c h o i c e  of m a t e r i a l s  was somewhat
arb it r a ry , but th ey  w r ”re  chosen on such criteria as d i r~ ct

military interest (titanium , be r y l ) ,  spec i a l i zed use ( f e a t h e r s
and down for ( “ 0 ) 13 w e a t h e r  gea r ) , or b a s i c  USC ’ t h r o u g h o u t  the
economy (lead and zinc). Beginning with published data l ’ ri the

uses of income , both the FPA model and INPORUM pr’oduced estimates

of the use of th n ”se ma t e r i a l s .  These models, d e r i v e d  the bill of
goods in d i f f e ren t  ways , used d i f f e r e n t  in p u t - o u t p u t  t ab l e s , ari d
co mputed the s k i r t  data  s l ig h t l y  d i f f e r e n t l y .  FPA used a l i ne ar
t rend or mean va lue  for  t h e  sk ’i i ’t , and somet imes  a d j u s t e d  t h e
sk i r t  based on e x t r a n e o u s  d a t a ;  IU FORU N e s t i mated  a c i rv i l i r i e a r
t rend (a log i st i c  c u r v e)  w i t h  no f u r t h e r  a dj u st m e n t s .

Table 32 shows the  r e s u l t s  of the  b a ck c a s t .  Each y e a r l y
sec t ion  co mpares the  FPA and INFORUM p r o j e c t i o ns  w i t h  da ta  from
pub l i shed  so urces , ’ or wi th data  so l i c i t ed  from c o m m o d i t y  experts

in the In te r ior  and the Commerce Depa r tmen t s .  The average abso-
lute percent error for each year shows the absolute error for each

material averaged across all years. The FPA and INFORUN models

produced very similar results. Of 78 comparisons of errors , the

two models produced errors with the same sign 5Lj t i m e s ;  i . e . ,  the
d i r ec t i on  of the error was t h e  same nea r ly  70 percent  of the
t ime . The average absolut . e errors averaged over a l l  years  show
very s imi lar  magn i tudes  for  a lmos t  all the  m a t e r i a l s .  The FPA
model pe r fo rms  s l i g h t l y  b e t t or  t h a n  INFORU IV I , perh aps r e f l e c t i n g
FPA ’ s use of ex t raneous  data to  adj u s t  the skirt. , w h i c h  was not
osed in WFOR U M. On the whole  it  must  be conc luded  tha t  the
models  produc e very  s imi l a r  p r o j e c t i o n s .  This  s i m i l a r i t y
sugges t s  a c e r t a i n  basic  robustn ess to the  f o r e c a s t i n g  process
which is e n c o u rag i n g  i n  a p p ly i n g  these  k i n d s  of models; desp i t e

1
~ ,ireau of ’ Mthes , Commodity Date Swimnp ?(’s 197f ~ (Washington , D .C . :  GPO , 1976).
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the many fundamental differences between them , the models took
the same data and derived similar results.

2. D i s a g g r e g a t i n g  the Errors

Because uses of income are known in these backcasts , the

only sources of error are the output projections (Q~ ) and the
consumption ratios in the skirt (C i). It is insightful to

partition the error in the forecasts into separate parts attri-

butable to each source; we will see that the skirt data are

responsible for a major part of the overall error in the  pro-
jections. Indeed , improving the skirt data offers far more

promise of upgrading the quality of the forecasts than improving

the input—output tables and projections of final demand .

The skirt projection was expressed above as

M =  ~~~ C 1Q1

Suppose that C~~, Q~ are the values that would make the forecas t
perfect.

C~ = (l_ei )C
~

= (l—E 1)Q~

The errors ei, E1 are percentage errors in the skirt data and

the output projections , respectively . Table 33 shows these
percentage errors for each material in 1970. 1 These are abso-

lute values averaged across all sectors entering the skirt

‘The ratio (l_Ei) 
= was computed in Table 25, Ct~pter III. The ratio

of actual to predicted material use (C1Q1/C~Q~) in 1970 is the product
(l_e~)(l_E~); the skirt error is computed by dividing this product by

The error is decomposed for each sector, aml Table 33 shows the
average absolute value of the error across all non—zero sectors for each
material.
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p Table 33 . DECO MPOSITION OF ERRORS IN
THE 1 970 BACKCAS T a

M a t e r i a l
S t o c k p i l e d  Materi al j_ 9 ,u t p u t  S k i r t____________ — I - ‘ r
A n t i m o n y 14.0 5.2 15.2

B e r y l 16.5 5.0 9.4

B i s m u t h  6.1 3.7 6.8

Cadmi u m  19.4 . 5.1 20.7

Fea thers & Down 1 1 . 0  
‘ 1 .9  9 .3

Lea d 7.1 5.3 , 9 . 7
N i c k e l  4.5 5.6 7.3

p O p i u m  20.9 4.4 17.2

P l a t i n u m  15.5 3.4 29.2

Q u i n i n e  17.3 1.9 18.1

R u t i l e  18.5 3.0 18.4

S i l v e r  17.0 5 .5 26.8

T a n t a l u m  6 . 1 0 
2.4 6.4

~~~~t a ni u m  j 
19.3 3.9 24.0

a lh e s e  a re  t he  a v e r a g e s  a c r o s s  s e c t o r s  fo r
1 97 0. The a v e r a g es no t w e i g h t e d  by s e c t o r
s i z e  an d t hey  a r e  i n  a b s o l u t e  v a l u e .

calculation , and they are unweigh ted  by sector  s i z e .  The f i r st
column shows the error in projected material use , the second

column shows t he  error in the  output  p r o j e c t i o n , colu mn th ree
shows the error in the skirt data. The skirt data exhibit errors

larger in every case than the ou t put  e r ro rs ;  in many cases  th ree
to six times the s ize  of The ou tpu t  would  seem to  o f f e r  a greater
opportunity for improving the forecasting abilities of the model

th an improvement  in the o u t p u t  p r o j e c t ion s .  The out put errors
are l a rge ly  assoc iat ed w i t h  the  i n p u t — o u t p u t  p rocedures , and , as
we saw in Chapter III, these errors remain well behaved. The ‘
ski.rt data exhibits errors which are larger ~n every case than

85
p

-‘

~~~
- 

~~~~~~~~ . - - . . ‘ - . .A ~~ ~ ,, 
—.-



_  — - ---- .
~~~~~~~~~~~~~~~~

. - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —.-~~~~~~~~~~—‘ -.

the output errors, and in many cases the errors are three to

six times the output error . Improvement in the  “ sk i r t ” pro-
jections would seem to offer a greater opportunity for increas-

ing the forecasting potential of the model than improving the

output projections. Continued review of the data input by

experts in each of the materials markets would seem critical

to improving accuracy.

C . FORECASTS 1978- 1980

1 . FPA and INFORUM Projections

To t e s t  whether  both the FPA and INFORU M models responded
similarly to a substantial shock , such as a major mobilization ,

both models were asked to project materiel requirement s based
on the uses of income used to describe a mobilization in Table
3)4.’ The mob i l i za t ion  is hypo the t i ca l , but corresponds in
magnitude and composition to that used by FPA for actual pro-

jections of wartime conditions for past projections.

Table 35 summarizes the results of these wartime forecasts.
The models perform in a very similar manner , and the magnitude

of the differenc e between projections is in line with the size
of the errors observed in backcasting, with  about half  the
difference being less than 10 percent . The INFORUN projections

tended to be consistently larger than those of FPA , with the

difference apparently depending on the differences in the com—

oo~~ 1~~on nf’ final demand in the two models.

The models respond to the mobilization in an encouragingly

similar manner . The reader should be reminded that if the uses

of income in Table 33 do not accurately reflect actual mobiliza-
tion for which the stockpile is to be used , neither of the two

models will be in the right ballpark. Only the output and the

‘See Table 2 for the peacetime comparison.
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Table 34 . USES OF INCOME FOR A HYPOTHETICAL M O B I L I Z A T I O N

Year
Uses  of I n c o m e

1978 197 9 1980

Gross N a t i o n a l  Product 15 64.3 1750.6 1848.8

Personal Consumption 879.6 912.4 925.6

D u r a b l e  Goods  1 63 .4 173 .3 173 .0
N o n — D u r a b l e  Goods 358 .7 365.2 369.3

Services 3 57.7 373.9 , 384.2

Gross Pr ivate Domestic Investment 207.1 219.9 215.3

S t r u c t u r e s  7 2. 9 70 .1 70. 0
Producers Dura ble E q u i p m e n t  104.7 116.4 123.0

Inventory Chan ge 30.6 34.7 23.7

Ex ports 1 17.7 121.6 1 16.4

Im ports —104.7 —1 1 9 . 7  -127.8

Government Purchases of Goods 468.5 625.8 732.9
& Services I

Publ ic C o n s t r u c t i o n  35.7 36.3 36.9

N a t i o n a l  D e f e n s e  172 .8 321 .1 4 2 1 . 2
Non-Defense Federal 54 .2 54.2 54 .2

State & Local Education ll 8. 6j 119.2 120.0

mater ia ls  sk i r t  d i f f e r e n c e s  are opera t ing  to d i s t i n g u i s h  the
models.

2.  D i r e c t Pro je c t i o n  of T i t a n i u m  U s a g e

For a mobilization corresponding to tha t  used for  the  FPA/
INFORUM comparison , we were able to obtain a list of associated
material that might be produced to support the mobilization .

(These da ta  were t aken  f rom workshee t s  provided by the  m i l i t a r y
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departments showing their production requirements in wartime.)

For titanium , we were also fortunate in having a detailed break-
down of titanium usage In military ships and aircraft .’ Combin-

ing the two sources , we were able to obtain projections of the

direct military requirements for titanium . From the input—

output model , the new indirect requirements for titanium associ-

ated with military needs were estimated to be about 6,500 short
tons. Summing these , the military and mobilization—generated

requirements for titanium are shown in Table 35.

The FPA model was used to generate a comparable set of

military/mobilization—oriented estimates of titanium usage .

Using only military needs as a final demand vector , the direct

and indirect requirements for titanium were computed using the

input—output table. The results are shown in Table 36 , and

compared to the direct projections.

Table 36. DIRECT AND FPA PROJECTIONS OF MILITARY-ORIENTED
TITANIUM REQUIREMENTS (SHORT-TONS)

Year  1 Year  2 Year  3
Di rect  Es t imate  ll~~1ll.1 28 ,056.6  36 ,406.2
FPA 17,927.3 24,044.2  28 ,982 .4

Given the many problems associated with making these

scenarios comparable——one starts with dollars and the other with

materiel , the different timing of’ materiel purchases , spares

and inventory problems , etc.——the results turn out to be quite

comparable. FPA appears to be low for the first year (the one

for which we are planning) and high for the last two . The direct

est imates grow more slowly, however , and the total titanium
requirements over the three year period differ by only 6.2 per-

cent between the two methods. The FPA projection again appears

‘Battelle Columbus Laboratories, Current Statue of the U.S. Titanium
Induetry, M~IC—7~4—0l (March l97~4), esp Sec XI.
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percent between the two methods . The PTA projection again

appears to be providing estimates within the right ballpark ,

and that are as good as those provided by ot her models and
methods .

D. CONCLUSIONS

It is encouraging that the requirements for mat erials turn
out to be broadly similar when they are computed in several

different ways. Nonetheless , substant ial dIf ferences in quan-
t it ies do persist among models , and backcasting provides evidence
of significant errors existing In the projections .

Three sources of error have been Identified in the ~~t~ rial

projections : (1) wartime uses of income ; (2) the output projec-

tions using Input—output analysis; and ( 3 )  the skirt data.

Among these , the greatest potent ial for error is probably due to

our inability to closely tie the uses of income to the use of

the stockpile; the material usage projections contribute sub—

stantially to error as well; the input—output projections prob-

ably contribute the least . Continued studies , research , and

expert Input on materials markets probably would reduc e all

these errors significantly.
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Cha pter V

FINAL CONSIDERATIONS AND A SUMMARY
OF CONCL USIONS

p Chapter I suggested several broad criteria against which

we should judge the methodology used by FPA to project stock—

pile requirements: (1) the ability to account for a major

increase In military spending and changes In other income flows;

(2) the ability to account for direct and Indirect requirements;

(3) consIderation of substitution possibilities; and (L i ) con-

sideration of long— and short—run capacity problems . This

chapter will discuss the treatment of substitution and short—

p run capacity problems by FPA , and then provide an overall

assessment of the model against the criteria proposed . All of

the conclusions and recommendations of the report are summarized

in a final section.

p
A. SUBSTITUTION

Substitution should be considered In two places in the

FPA model: (1) in the input—output table among broad industry

groups; and (2) among individual materials. The effects of

substitution were considered in Chapter I: it is almost always

technically feasible, but high production costs may be entailed

by having to use alternative production processes.
p

1. Among Materials

This is the only place FPA explicitly considers substitution.

Experts at the Department of Commerce and at the Department of
the Interior are asked to review all uses of strategic critical
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materials. If it is possible to substitute a non—critical

material for a cr itical mater ial, e.g., glass bottles for alumi-
num cans , the total requirements for the material are reduced.
The guidelines for determining when and how substitution is

allowed for purposes of reducing requirements generally conform

to the criteria we have established ; that is, substitution Is

assumed to be imposed if the cost of the alternative production

technique is not “significantly ” higher than the original.

This adjustment is not completely consistent . Although

critical materials are not substituted directly for other

critical materials , some indIrect or intermediate effects of

these substitutions will affect the pattern of usage of other

critical materials.

2. Amon g Industries

The need to update the input—output table and keep it in

conformity with modern technology has been stressed earlier in

this report . We must also ask whether major shifts , among

these industries , of technology or requirement s may be Induced

by a mobilization. For example , shortages of casting capacity

might result in the use of more forgings or stamping of metal;

petroleum shortages might result in more industrial use of coal

or natural gas. Among the economists with whom the use of this

model has been discussed , the possibility of radical changes in

the input—output table and the bill of goods has been a major

concern. One authority on the economic s of shortages has con-

cluded that “ .. .input—output. . .is not very well suited to the
study of a wartime economy.. .rigid coefficients may be appropriate

to peacetime conditions , but not in a nation ready to bear any

cos t to wage war .”1 The affec t of suc h substitut ion is to affec t

both the bill of goods and the total output requirements. The

mater ial requirement s are strongly dependent upon the output

1Olson, Economica of the Wartime Shortage, op. cit, p. 1241.
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project ion, of course , and are affecte d very directly by suc h
changes.

Unfortunately, the adjustment for such changes is not

Independent of the events leading to the war itself. Will

petroleum supplies be cut off? Or will the loss of foreign

steel or electronics markets lead to extensive substitution of

these processed goods? The difficulty of narrowing the sce-

nario to useful limits has already been discussed , and the

adjustment of coefficient s or the bill of goods under a mobiliza-

tion is essentially the same problem compounded several times

over. The capacity shortages discussed below might provide some

guide to aspects of this problem , and foreign dependence in key

industrial sectors also might be a useful guide. And the very

presence of an adequate stockpile of critical and strategic

materials may prevent major industrial displacement , but great

uncertainty will remain no matter how much study is made . Per-
haps the best way to view this problem is as a substantial

qualification of the results; just as there are tremendous uncer-

tainties in choosing the right scenario to guide the mobilization ,

there are tremendous uncertainties associated with changes In the

economic system induced by the scenario. Given our state of

ignorance about such effects, the best assumption may be that

no significant change is induced , but the uncertainty introduced

through the use of this assumption must be explicitly recognized .

B. SHORT-RUN RESOURCE AVAILABILITY

If we divide the resources required by the economy into

two types——labor and capital——it is possible that output might

be constrained by shortages in either category. FPA has assumed

that for any mobilization envisioned , sufficient labor and

capital will be available to produc e the required output . The

input—output procedures themselves do not constrain the solution

of required output so as to guarant ee that adequate labor or
capital are in fact available , and the solution may not be
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feas ible in the sense that there are not enough resources to
produce the output levels projected .

Most of the results of t his sect ion are drawn from the
Inter industr y Forecast ing Model of the Univers ity of Maryland
(INFORUM), which, as we have seen , bears a broad resemb lance
to the FPA model; we have also seen that both models provide

very similar forecasts. Since INFORUM contains both labor supply

and capital stock data, it provides a source which can be used

to check the assumption of no resource constraints.

1. The Labor Supply

Based upon trends in population and other relevant aspects

of the workforce (such as retirement age and the number of

working women), the 1978 labor force is projected to be 98.6
million. Using the INFORUM model , employment for each industry

was forecast for each of 166 industries for a mobilization

beginning in 1978. The projection was based on weekly hours

of product ion, number of production and non—production workers,
and on productivity estimates. The result was that output to

sustain the mobilization would require 101.1 million workers;

a shortfall of 2.5 mIllion workers exists in the aggregate.

Unemployment probably could not be reduced to zero——three

percent or so is probably the lower bound——due to such frictional

problems as job turnover , worker skills and job openings not

coinciding, or workers not being located geographically with

job openings. The result is 5.5 million jobs not filled at any

given time. The projected shortfall could be made up by a

change in the compos ition of the wor kforce (more young workers ,
more women, raising the ret irement age) or by increasing the
number of work hours. The historical experience of’ women join-
ing the workforce in World War II suggests that substantial

shortfalls In manpower can be made up . An increase of two hours
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f of work per week from each member of the workforce could make
up this deficit.

The labor shortage est imated here does not seem ser ious ,
but two qualifications are in order . First , specific skills

might be in short supply and could hold down output; the aggre-

gate figures quoted here could not take that into account .

Second, later year s of the mobilizat ion (not currently direc tly

relevant to FPA plans) result in labor shortages which are

double those of the first year; for later years the problem

could become much more severe.

2. Capacity Constraints

The immediate shift upward in output requirements imposed
by a mobilization may exceed the available capacity. Over the

course of the war , capacity can be expanded , but , for the first

few mont hs to a year , capacity is fixed at pre—war levels. The

Bureau of the Census defines “practical capacity ” as the greatest

level of output which can be attained with current facilities

and within a realistic work patt ern. More work hour s, more
employees , and more shifts are allowed , but no expans ion of
plant and equipment is included in the definition. The Census

Bureau annually measures actual utilization of plant and equip-

ment as a perc entage of pract ical ca pac ity.

Because of varying economic condit ions over the course of
the business cycle , the possible capacity expansion will vary .

The fourth quarters of 1973 and 19724 provide a good example of

how the business cycle affects excess capacity. In 1973 the

economy was at its peak and producing at rates estimated to be

824 percent of the practical capacity; by 19724 the situation was
reversed with the economy operating at low rates near the trough

of the recession and the utilization of practical capacity fall—

ing to 75 percent . We have chosen these two years to display
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the range of excess capacity which might be available at the

onset of an emergenc y .

The first two columns of Table 37 show the likely range
of short—run excess capacity for a series of durable and non-

durable producers; the “low” figure is for 1973 and the “high”

prevailed in 19724. Both columns are excess capacity as a per-

centage of practical capacity. Column three of the table dis-

plays the expansion in output projected by the INFORUM model;

it shows how much more capacity is required from each industry

once the mobilization begins . The required capacity exceeds

the “low ” estimate in eight industries , and exceeds the “high”

estimate in four . Large shortages occur in machinery (especially

communications equipment ) and in transportation equipment

(especially aircraft). Shortages of capacity are generally

associated with defense—intensive industries and the results

seem intuitively reasonable.

These results indicate that output may indeed exceed capa—

city in some cases. In the short—run , policies may have to be

imposed--civilian austerity, reduced government spending——which

cut back on projected output levels beyond what had been pre-

viously considered . Experiment s with alternative policies might

be undertaken to shift the solution back to feasible levels , or

mathematical programming techniques can be used to a~ 3ure

feasible results. ’ Certainly more effort should be devoted to

determining the extent of the problem posed by the capacity

constraints and whether it seriously affects the material

requirement projections.

‘The pro~ ’aniriing format might maximize civilian consumption, for example,
subject to constraints on military requirements, the labor supply, and
capacity. For an example of this kind of rmodel in a different context
see M. I3runo, “A Programning Model for Israel,” Ch. 12 in I. AdeJ.i~ ri and
E. Thorbecke (eds.), The Theory and Deeign of Economic Development
(Baltinore, MD: Johns Hopkins Press, 1966).
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Table 37. COMPARISON OF PRACTICAL SHORT-RUN OUTPUT
EXPANSION TO THAT REQUIRED BY A M OBILIZATION

requ i red
Poss ible Percent Mobiliza tion

Indus t r y Percent Output ship m en t s
Grou p Outcome Expansion (~1 il $72)

H ig h Low

Food and Ki ndred Products 24 17 3.2 l’~O ,l56

t~ea t 17 (NA)

To bacco M anufactures 21 20 10.7 11 ,174
Textile Mil l  Products 26 13 13.4 41 ,390

Apparel and Other Textiles 23 (NA ) 11.0 35 ,291
Pa per and All ied Droducts 21 12 11.9 3 ,l36
Printina and Publishing 19 (NA) 9.9 3e ,l04
Chemical 23 20 17.0 49 ,363
Coal and Oil 18 7 10 .2 59 ,773
Petr~ ’~ rn R efining 14 (NA) 11.6 40,549

d Plastics 25 14 10.3 30 ,499

is tics 30 (NA ) 12.3 18 ,597

~~r a n d  Le ather Products 23 (Nn ) 20.0 7 ,3~~
Lumber and ~Jood 2’l 16 8.2 22 ,797

Sawm i l l s , P lan in c ’ M i l l s  26 (Nn ) — 9.3 6 ,932

Furniture and Fixtures 25 14 18.4 15 ,~’72

Household Furniture 25 (NA) 29.4 10 ,828

Stone , Cla y , Glass 20 12 0.0 24 ,102

Prinary Metal 12 1G.? 79 ,395
Fabr icated ‘~~ta1 s 29 13 7.5 59 ,~~33
‘lachinery, Exce pt Electrical 21 16 21.1 l00,7~ 9
Elec tri cal  ~1ach inery 30 13 35.2 92, 732

In dustrial Apparatus 24 (NA) 17.1 4 ,313
Commun ication [quiprnent 31 (NA) 60.1 23 ,242

Transportation Equipment 29 19 24.3 139 ,990

Motor Ve hicles 25 (N~~) 11.2 83 ,369

A ircraft & Parts 37 (NA) 66.3 35,774

Instruments 25 ‘1 23.8 20 ,686

Source : U.S . Department of Commerce, Bureau of the Census , Survey of
Plant Capacity, 1974 , Current Industr ial Reports MQC I (74)—l
(Wash ingto n , D.C .: GPO , 1 976).
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C. SUMMARY OF CONCLUSIONS

1 . Sources of Error in the Model

a. The Scenario

The war for which FPA is planning is vaguely understood

and ill—defined , but is to bear a general resemblance to World

War II. There is great difficulty in limiting the broad range

of possible scenarios to any single scenario to be used for

planning purposes. This difficulty has two effects: (1) great

uncertainty must similarly be associated with any calculations

derived from the initial set of assumptions drawn from an

uncertain scenario; and (2) the state of ignorance about the

future imparts a strongly conservative bias toward the planning

assumptions as an effort is made to “play safe.” The require-

ment s for materials do seem to respond strongly to these basic

assumptions in the scenario. The uncertainty in this initial

part of the planning process probably leads to the greatest

source of pot ;iitial error in the calculation of requirements.

b. Materials Usage

An examination of the backcasts suggest that errors in

projecting the use of individual materials by sector (the

materials skirt ) is the second largest source of error in the

model. Improvements in this area might be best obtained by

continued expert review of trend s in the use of these materials.

This would be especially useful for materials with small , highly

specialized markets. The Department of Defense is often a

large consumer of’ these specialized materials , and changes in

weapon system technology and the use of specialized materials

should be monitored closely.

c. The Input -Output Table

Backcasting revealed comparatively small errors in the pro-

jection of total output , averaging only 24 to 5 percent across
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various industrial sectors . The FPA procedures are broadly

correct and consistently applied. We do feel that the projec-

tions could be Improved by keeping the thta used by these proce-

dures up—to—date.

• The input—output table needs to be updated regularly.
A wide range of studies have indicated the need for
such updating by either mechanical processes or by
expert review. Expansion of the table to include non-
ferrous metals (copper , zinc , etc.) is possible and
should be done ; the addition of other key sectors
ought to be considered as well.

• The composition of final demand is der~~ ed from assump-
tions that are often untestable and by using compara-
tively old data. A detailed examination of the DOD
requirements assumed by FPA reveal that they are parti-
cularly susceptible to such criticism. The age and
unc ertainty associated with these data , combined with
the importance of DoD requirements in a mobilization ,
make a complete review important .

• Numerous comparisons were drawn throughout this study
between FPA procedures and those of the INFORUY pro-
ject at the University of Maryland . Both models draw
on a common data base , and a closer liaison with INFORUM
could provide FPA with continued data updates at a
nominal cost. Both models use an input—output table
and derive a bill of goods; continued comparisons of
the data and forecasts could challenge bcth groups to
improve their respective models.

2. The Adequacy of the Model

Four criteria were suggested in Chapter I to judge the

adequacy of the model ; the adequacy of the model is briefly

measured against these criteria :

(1) Changes in Income Flows——These are related to the
scenario; the changes themselves are not known with
any certainty. The computational procedures employed
do seem to reflect the assumptions made with some con-
sistency and material requirement s react strongly to
changes in these initial income flows.

(2) Computation of Intermediate Requirements——Any problems
here were discussed in the preceeding section. The
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~i~rors associa ted  w i t h  the  i n p u t — ~ u t p u t  a n a l y s i s  w~ .re
e ncourag ing ly  s m a l l .

(3) Substitution——Substitution at the ma~~~rials level i s
handled with reasonable consistency. Material requlr~-
ments are reduced so no “substantial” cost penalities
are induced by not having the material available . Sub-
stitution among indus t r i es is not really considered at
all. The mobilization may induce changes in the bill
of goods as shortages in raw materials not stockpiled
(petroleum perhaps) or capacity shortages change tech-
nologies or purchasing patterns. Like the uncerta inty
tied to the scenario itself , these changes which might
be induced by the scenario are not fo’-eseeable in many
cases. As another major source of ~~ ~rtainty in the
model , the potential effects of such changes must be
recognized .

(24 ) Capacity——Maj or construction e f f o r t s  to support the
war e f fo r t  have not been adequa te ly  i nco rpo ra ted  in 1

~othe FPA model .  Drawing  on h i s t o r i c a l  p a t t e r n s  ~~
civilian i nves tmen t , FPA neglected the extens iv
exper ienc e of the U . S .  Government  in u n d e r t a k i n g  qt~~s i —
private investment during wartime . Adjustment for such
a building program should be undertaken.

Short—run capacity (before major expansion efforts
become effective) may be an effective constraint on
production in the initial stages of the mobilization.
Our scenario revealed constraints on several key
industries——communications equipment , aircraft , and
perhaps some primary metals.

The FPA model is adequate given the qualifications expressed

above and if the user recognizes the remaining weaknesses of the

methodology . But supposing these qualifications are put aside

for the moment and the best methods and data are brought to

bear , the user must recognize that substantial uncertainty is

still associated with the scenario and with any technological

changes directly or indirectly induced by the scenario. And

even if these uncertainties are eliminated (a~ they were in

our backcasts), errors of a significant magnitude may still

persist. The model is short of perfect , and it will require

close and continued monitoring of the data and assumptions to

keep it reasonable. Continued review of both the data and

100

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ ~i -
- 

~~ JI.~~~ P’ ~~~ ~~~~~~~~~~~~ ~~ ~~
. . 

* ~~~~~~~~~~~~~~~— .- - —--S---- — — ~~~~~~~~~~~ - - — ..



i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~iLiJfl 1L...

results by FPA , the Department of Defense , the Department of

Commerce , the Department of the Interior , and other interested
agencies is critical to obtaining the best possible estimates.

p
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A PP ENDIX A

This appendix is the table described in Chapter II which

transforms Defense expenditures into a bill of goods for the

Department of Defense. The top of the table shows the Defense

Budget broken in 25 categories; eaoh column allocates a pro-

portion of this part of the budget to each input—output

sector. Each column sums to one; the product of expenditure

levels in each part of the budget and the row coefficients

sum to expenditure by sector .
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