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Suunary

In this study Chase Econonetr ic Associates, Inc' ,  has undertaken an

evaluation of the econonic inpact of R & D spending, particularly NASA R & D

spending, on the U. S. econony. The crux of the methodology and hence the

results revolve around the fact that we need to consider both the demand

effects of increased spending and the supply effects of a higher rate of

technological growth and a larger total Productive capacity' The denand

effects are prinarily short-run in nature, while the supp ly effects do not

begin to have a significant effect on aggregate econonic activity tmtil the

fifth year after increased expenditures have taken place.

T h i s r e p o r t i s d i v i d e d i n t o t w o p r i n c i p a l s e c t i o n s . I n t h e f i r s t P a r t

re exanine the short-tern economic inpact of alternative levels of NASA

emenditures for 1975. The nethodology used in this sect ion is as fol lows:

l) he prepared macroecononic forecasts

iry- In these runs the level of total

th€ sane. Thus the inprovenents result

lpes of expenditures.

:) He used INF0RLM, an i"nter-industry forecasting nodel which utilizes an

pdated input/output table, to deternine the effects of enploynent and output

a: the industrY level.

!r The shifts in industfy output caused by an lncrease in the level of NASA

:gcading redistribute demand fron low productivity industries to higher pro-

btivity industries, thereby increasing total productivity in the economy '

T h e p r i n c i p a l c o n c l u s i o n s r e a c h e d i n t h i s P a r t o f t h e s t u d y s h o w t h a t a

t l  Sl l ion increase in NASA spending in 1975, coupled with a $l  bi l l ion reduc-

=a of other Federal  expenditures, would have the fol lowing effects:

for alternative levels of NASA spend-

Federal governnent expenditures remained

solely f ron a shi f t  anong di f ferent
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f) A higher level of NASA expenditures would not have an

on the U. S. econony during 1975 and would probably reduce

pressures in the economy.

inflationary irnpact

the inf lat ionary

2 )  A  sh i f t  o f  $1 .0  b i l l i on  i n  1971  do l l a rs ,  o r  $1 .4  b i l l i on  i n  1975  es t i na ted '

prices, fron other Federal non-defense expenditures to NASA expenditures will

reduce the inf lat ionary pressures in several  key basic nater ials industr ies.

3) A shift to increase NASA expenditures will inctease enploynent by 25,000

ir the nissile and ordnance and aircraft industries. While it will reduce

r4loynent in ten other industries, the net increase in the nanufacturing

scctor wi l l  be 20,000 jobs.

4) Output wi l l  be st inulated in twenty-one industr ies.  The pr incipal  indus-

tr ies which wi l l  be af fected current ly have considerable excess capaci ty and

r.rc producing at levels well below their peak years and in rnost cases below

--l€ average of the past five years.

5) A shift toward higher NASA spending within the franework of a constant

lclvel of total Federal expenditures c"eates jobs without rai.sing the rate of

::-t1ation, and hence is rnore stabilizing in a recovery period than general

torernnent spending.

f lhe second rnajor section of the report deals with the long-tem econonic

-act of increased leveLs of NASA R 6 D spending over a sustained period,

L - thodology used in  th is  sect ion is  as fo l lows:

: rc first developed estinates of historical seri.es for the rate of aggregate

:rralogical progress for the postwar period.



3) l{e calculated the increase in GNP per unit increase in NASA R $ D spending

r h i c h w o u l d o c c u r t a k i n g i n t o c o n s i d e r a t i o n o n l y t h e . ' p u r e ' ' p r o d u c t i v i t y

effects. These increnents represent the expansion of the aggregate production

rossibility function due to a nore rapid rate of technological advancenent '

:13ocia les,  Inc.

Z) We next estimated

a nunber of variables,

gross national Product,

rariable, and an index

.l) Xe sinulated

increases in NASA

effect aggregate

:l Th" rate of increase in the

:rtert that bY 1984 it would be

:: ! j  ect ion.

the rnacro rnodel to deternine how the rnultiplier effects of

spendi.ng and in the rate of technological progress would

denand and the overall econony'

-3 -

mult ip le regression equat ions relat ing this ser ies to

including NASA R & D spending, other R Q D spending'

the index of capaci ty ut i l izat ion, an industry nix

of labor qua I i tY.

this part of the study show that

bi l l ion in 1958 dol lars for the

e f fec ts :

The Principal conclusions reached in

srstained increase in NASA spending of $l

: l -5-1984 decade would have the fol lowing

-- Constant-dol lar GNP would be $23 bi l l ion higher by 1984'  a 2% inctease

orer the , ,basel inerr ,  or no- addi  t ional  -expenditure project ions'

Const ner Price

a full 2eo lower

Index would be reduced to the

than indicated i-n the baseline

The unenP loYnent rate

labor force would be

total nulber of j obs

would be reduced

increased through

would increase bY

b y  0 . 4 e ,  b y  1 9 8 4 ,  a n d  t h e  s i z e  o f

greater job oPportunities so that

an addi t ional  0 .8 n i  1 l  ion '

By f984 Productivi.ty in the

indicated in  the basel ine

private non-farrn sector would be 2' 0* higher

pro j  ect ion.
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5) other

xould be
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simulations which were calculated

proportional for increases of $500

indicated that  these resul ts

n i l l ion or  $100 n i l l ion in  NASA

R 6 D spending.

The reason for the unique conbination -- for a governnent spending

to be found

neans that

of  labor

by the

program --  of  increased real  GNP and a lower inf lat ion rate is

in the growth of labor productivity. A growth in productivity

less labor is needed per unit of output. The key to the growth

productivity is the higher rate of technological growth spurred

increase in research and development expenditures.

Thus in this ltudy we have found that an increase in NASA R Q D spend-

ing increases the rate of technological change and reduces the rate of

inflation for two reasons. First, in the short run it redistributes denand

in the direction of the high-technology industries, thus inproving aggregate

productivity in the econony. As a result, NASA R 6 D spending tends to be

rcre stabilizing than general governnent spending during a period of ?ecovery'

Second, in the long tun, increased NASA R & D spending expands the production

possibi l i ty f ront ier of  the economy by increasing the rate of  technological

progress. This improves labor product iv i ty at  a faster rate,  which resul ts

in lower uni t  labor costs and hence lower pr lces. A slower rate of  inf lat ion

leads in turn to a nore rapid rise in real disposable incorne, which provides

cqrsrrners with the additional purchasing power to buy the additional goods

and services which are being produced.
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I. INTRODUCTION

The question of whether the u. s. econony can expetience full enPloyment

and price stabili"ty at the sane tine has been one of the nost thoroughly debated

issues i.n the postwar period. Yet in spite of the great anount of resources

and expertise devoted to this question, the rmeducated citizen could be pardoned

for observing that we seen to have acconplished just the opposite -- rapidly

r is ing pr ices with unacceptably high unemplopnent.  Repeated doses of f iscal

and rnonetary policy have apparently resulted in long-term secular increases

in both the rate of unenp l oyrnent and the rate of inflation.

A conplete discourse on the recent i l lness of  the econony would have to

include at a nininun chaptels on the Arab oil enbargo and caltel, the unexpected

doubli.ng of nany food prices, worldwide shortages of nany basic industrial raw

trater ials,  and the distort ions caused by wage and pr ice controls.  Yet we would

not do violence to the facts of the past decade if we wele to sunnari 2e the

causes of the current disequilibriun in the econorny by stating that government

policy has worked to increase aggregate denand without increasing aggregate

supply. The vast rnajority of fiscal stinulus in the past decade has been

directed toward increasing consunption, while the burden of restrictive none-

tary policy has fallen on reducing investnent. Thus the economy has gradually

been edged into a situation where shortages have developed, productivity has

declined, and inflation has nushrooned. The economic "disconfort indexrr, cal-

culated as the sun of the rate of unentploynent and the rate of inflation'

reached an al l - t ine high in Lg74 and wi l l  renain at  near-record levels in 1975.

l{e offer no sinPle cures for the present condition of the economy, and

Dte that even if the optirnal fiscal and nonetary policies were to be followed

in the future, it would take three to five years to return the econorny to an
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equilibriun situation. Yet this relatively long adjustrnent time neans it is

even more inperative to nove quickly, rather than wait until the next econonic

cr is is is upon us. I t  is necessary to inple ent pol ic ies which increase pro-

duct iv i ty and lower the rate of  inf lat ion as wel l  as st imulate the overal l

level of demand. Fiscal policy which increases aggregate denand without

raising aggregate supply will not cause noticeably higher inflation this

year or next, but wil.l eventual ly lead to suPply shortages when the econony

does regain full nomenturn

In general, any increase in investnent spending will generate a higher

lcvel  of  product iv i ty,  s ince new capital  goods wi l l  replace older ones. How-

ever, the inprovenent in productivity will be confined to those industries in

rhich the additional investnent is taking place. The goals of the econony

rculd be better net if increased spending leads not only to a decline in the

.yerage age of capital but also produces increases in the level of technology

uhich are then appl icable to other industr ies.  These spi l lover ef fects then

raise the overall level of productivity even further.

It is often clained that spending for research and developnent accoD-

plishes these airns. A nunber of studies have shown that the late of return

m research and developnent is greater than is the case for other tyPes of

ilyestnent, both because technology is advanced nore rapidly in the originat-

:.ng industry and because of the spillover effects. Not all R 6 D spending

nrld be expected to have the sane effect on the rate of technological growth;

ir particular we night expect that general-purpose R & D spending in high-

tcchnology areas would have greater spillover effects than that ained at the

a.:'ye I opnent and narketing of a specific product.
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The vast tnaj ority of econonists who have worked in the area of pmduc-

tivity growth agree that R S D spending is a najor contributory factor to

technological progress. In the pioneeling work of Abranovitz ( I ),

Fabricant ( 25 ), Kendrick ( 32 ), and Denison ( 14 ), advances in

knowledge has always been proninently identified as one of the najor factors,

if not the rnajor factor, contributing to the growth in output per unit of

input. Denison, for exanple, found that of the 1.8% growth in output per

mlmit of input for the period 1948-1969, 1.2% was due to advances in knowledge

above and beyond those increases in labor input due to inProved education

G'. r27).

Sinildrly, inportant work done at the nicro level by Mansfield (+t, 4Z),

finasian ( 48 ), Schnookler ( 60 ), and Nelson, Peck and Kalachek ( 54 ),

has indicated high returns to R & D spending on an individual finn or industry

basis. In addition, Griliches ( 28 ) has shown that the rnarginal social

product of R 6 D e:cpenditures is nole than twice its private narginal return'

A nunber of other studies have addressed themselves directly to the ques-

tion of the specific effect of R E D spending on the growth in ploductivity.

In one such paper, Raines ( 59 ) estirnated production functions for 24 two-

and three-digit industries; the fr.rnctions include applied R Q D spending as

:ne of the independent variables in addition to labor and capital' He found

'-hat of the average annual gain in labor productivity of 4.5e" per year for

tbose industries studied, 29% was due to R 6 D spending by the originating

i.Ddrstry and another 24eo vras due to R & D spending by other industries (p' 40)'

lbrever, the Raines work, whiJ.e highly instructive, contains only a rudinentary

l.g structure and does not allow for tine lags of greater than four years,

6ich is alnost certainly an underesti'mate.
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In a nore recent study done by Midwest Research Institute ( 47 ),

an attenpt was rnade to introduce Longer lags into the relationshiP between

R 6 D spending and gains in productivity. Lags of up to l8 years were used

but the lag distribution was not deternined enpirically. Furthermore, the

report states that 60% of the advance in technological progress was due to

R Q D spending. Honever, this finding was detemtined through a residual

rethod and hence no direct esti.nation of this paraneter estimate was attenPted.

In a very recent study, Mathernatica, Ini' estinated the benefits to the national

econony from applications of NASA technology ( 43 ). Here again, howeve!,

a stat ist ical  appioach is not used.

Thus the nethodology in this study tepresents a najor departure fron

previous work designed to neasure the effects and benefits of R 6 D spending'

In generating the results in this study, we have relied heavily on the econo-

xtric and statistical approach. First, we have estinated an annual series

for changes in productivity; previous work has dealt with these changes only

on a decade-by-decade basis, Second, we have used a variant of Lagrangian

interpolation Polynonials to estimate the lag between R 6 D spending and

changes in productivity. Third, we have used nultiple regtession techniques

to deternine the pararneter estinates of the various factors influencing the

rate of technological progress. Fourth, we have used large-scale nacroecononic

and input-outPut nodels to determine the effects of R & D spending on the

overall econony and individual industries after the interactive and dynanic

rrltiplier effects have been taken into account.

In breaking as nuch new ground as is the case in this study, we adnit

-.hat soDe of the results nay be controversial . However, we have attenPted

to docrrment all of the data and nethodology carefully so that sinilar lesults
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Ey be obtained by other researchers. We believe that the overall tesults

given in this study are consistent in broad forn with earlier results, while

introducing further elenents of precision and dynarnic interpretation.
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A . Introduction

The question which we explore in this part of the study is concerned

r{ith whether a higher level of NASA exPenditures is more beneficial to the

U. S. econony than a lower level of NASA expenditures during the year that

the expenditures are nade, holding the level of total Federal governnent

budget constant in each case. This analysis is useful in examining the

effects of altering the level of NASA expenditures as part of an overall

econonic s tabi l izat ion pol icy.  Thus we address the ef fects  on severa l  poten-

tial targets, including those of higher enp loyment and reduced inflationary

pressu res .

In this regard the tern "beneficia|t used above is defined as having

seve ra l  cha rac te r i s t i cs .

f) A reduction in the direct denand pressures on industries which night be

operat ing at  high levels of  capaci ty ut i l izat ion or wi th t ight labor narkets,

thereby reducing the inflationary pressures on that i.ndustry. This problen

is sornewhat less germane in 1975 than would ordinarily be the case, but can-

not be ignored conrp lete ly.

2) An increase in the denand for those industries nhich are currently opela-

ting with idle capacity, thereby increasing enployment and output.

3) A reduction in the derived denand pressures on basic material producing

industries which currently have shortages in supply, rely on imported raw

later ials,  and are operat ing at  high capaci ty ut i l izat ion rates. This would

- 10-

2, SHORT-TERM ECONOMIC IMPACT OF

ALTERNATIVE LEVELS OF NASA EXPENDITURES FOR 1975
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then reduce the inflationary pressuTes in these basic industries and the

industries which theY suPPlY'

4) An increase in

operating at levels

- 11-

the demand for labor in those industries which are Presently

below those of recent years.

5) The direction of expenditure away from those industries which have full

utilization toward underutilized industries. This will increase eryloyrnent '

whereas the converse will tend to increase Prices but not enployment '

B. NASA Expenditure Assumptions

Two forecasts of the u. s. econorny for 1975 were developed using alterna-

tive levels of NASA expenditures. These forecasts were termed NASAHI and

\ASALO, No assumption of the model used other than the level of NASA expendi-

ture was alteted between the NASAHI and the NASALO forecasts'

The NASALo forecast assumes an expenditure by NASA of $1.35 billion for

goods and services (excluding NASA enployee wages) during calendar 1975. These

expenditures and all other data in this section of the study are expressed in

terns of  constant 1971 pr ices, except as speci f ical ly noted, because ou! in i t ia l

focus is to exanine the ef fect  on real  economic act iv i ty '  i .e. ,  adjusted to

elininate the effects of price changes, We then exanine the effects on prices

separately.

The NASAHI foIecast assunes an e:<penditure by NASA of $2.55 billion during

calendar 1975. fhe $f .0 bi l l ion addit ion to NASAHI is obtained by reducing

general  Federal  non-defense expenditures by $f '0 bi l l ion, leaving the level

of total Federal governnent expenditures unaltered. NASAHI rnay be described

as involving a redist" ibut ion of  $1.0 bi l l ion of  goveTnrnent expenditures to

\\5A frorn other Federal governnent prograns.



- t z -

I
i

Asrociates, Inc.

The $r.0 billion shift in Federal governnent expenditures is equivalent

approximately to a $t.4 billion shift in Federal goverru[ent expenditures in

est imated 1975 pr ices. The exact pr ice index to be used depends'  of  course'

on whether the funds are spent in NASA prograns Or other Federal prograns '

Because the level of total Federal government expenditure was not altered

between NASAHI and NASALO, the anount of the shift in expenditure was only

$1.4 bi l l ion in est inated 1975 pr ices, and only the f i rst-year inpacts ate

being neasured, the aggregate econonic irnpact shown for this shift will

necessar i ly be snal l .  I t  is  desirable,  howevet,  to analyze the nicroeconomic

irpact across a broad range of industries to determine whether this shift

affects the differential perfornance and ernploynent in particular industries'

Of greatest concern is whether the inter-industry effects are beneficial as

descr ibed above.

In order to measure the differential indust"ial effect of the NASAHI and

NASALo expenditure levels, we utilized the INFoRIJM Inter- Industry Forecasting

Model. This rnodel, which was developed by the Interindustry Forecasting

Project of the University of Maryland has been expanded and rnodified by Chase

Econonetrics and has been linked to the chase Econonetrics Macroecononic Fore-

casting Model to provide consistent econornic forecasts for the industries

included in the nodel. This nethod links the techniques of input-output

analysis with the regression techniques utilized in constructing a nacro-

econornic rnodel. While regression techniques provide the behavioristic equa-

tions required for macroeconornic forecasting, inter-industry shifts are best

exanined in a rnore deterninistic franework, such as an input-output nodel'

providing that the inPut-outPut nodel includes a degree of flexibility in

i . ts structure.
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C. Input-output Econonics

Basic Elenents

Aggregate econornetTic nodels seldon account for production in any way

other than as aggregates of fi.nal output. All of the consulPtion goods sold

to consuners are added up under the heading of consuner durables, nondurables

and services; all of the products sold to conpanies for plant and equiPrnent

are added up and classified accordingly. Most of these nodels tend to obscure

the existence of a very large number of transactions between conpanies through-

out the econony. The production of products which are to be used in the

naking of other prbducts is a rnaj or part of econonic activity. When we are

considering the production of such large conplex pieces of nachinery as a

launch vehicle, or a space shuttle, we nust explicitly recognize that there

are a large nunber of products that are inputs to these Products, and moreover,

these inputs originate in a very large nunber of industries. One najor aspect

of all of this is the nethods of production that are to be used; in other words,

how various inputs are conbined to produce outPuts.

Input-output analysis is a method of accounting for these industrT-to-

industry transactions. The salient feature of input-output analysis is the

i ndustry-by- industry specification of the dollarts worth of specific inputs

that are required to produce a dollar's worth of different outputs. In sorne

respects, an input-output table is an existing technology nap. It provides

a starting point for diagnosis and for exanination.

Another najor feature of input-output analysis is that the table of

transactions arnong industries -- usuall.y terned internediate tTansactions

to distinguish then fron final transactions that cover the sales to final

users -- is integrated with the National Incone Accounts. Consequently,

se
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one can still rnaintain consistency with the data for consunption, investment,

govefnrnent expenditufe, etc.

For purposes of i l lustrat ion, Table 2, lcontains a highly condensed

exanple of an input-output flow table. In this illustration, there are four

producing sectors (whereas in the nodel that we have used for analysis pur-

poses in this report ,  there are 185 industr ies).  The uni ts in Table 2.1 \Ey

be read as rni l l ions of  constant dol lars --  f lows of dol lars in the per iod of

a year. The rnagnitudes used here are purely illustrative.

Reading across the first row of Table 2.1 we find that Agriculture se1ls

15 rmits to itself. This can be sinrply enough explained by noting that it is

necessafy to plant wheat to grow wheat. consequently, in any one year' a ce!-

tain anount of the output of Agriculture nust be retained by Agriculture for

the purpose of generating next yearrs crop.

The second colunn of the first row shows the sale of 100 units by Agri-

eulture to Manufacturing I. Sinilarly, sales by Agriculture to Manufacturing

of 75 rmits and sales of 40 units to Services are shown, There is no entry in

the Inports colutnn, This is because a sale of agricultural products 'to other

cotntries would result in an expoft, and expolts are included in Final Denand.

T'he Total Intennediate colum is sinply the sun of the sales by Agricultural

to itsei.f, both Manufacturing sectors and Services.

The next coluur is Final Denand. This columt contains sales to consumers,

sales of plant and equipnent products to investors, sales to governrnent, and

sales to exports.

The Total Output colurEr is again sinply the sum of the Total Interrnediate

plus Total Final Demand. Consequently, although Agricultural is shown to pro-

iuce a total output of 450 uits, only 220 are sold into final dernand and the

lalance is sold into other industries to becorne a Part of the products that

they nanufacture.
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Each of the three following rows in Table 2.1 -- llanufacturing I,

Manufacturing II, and Services -- nay be interpreted in the sane fashion.

The i[port row requires a slightly different interPretation. Sales of

inports into agricultural, nanufacturing and services x0ay be interpreted

in the sarne fashion as the earlier rows. On the other hand, inports are

treated as a negative in final denand. Consequently, the srrm of the total

i.nterrnediate plus the total final demand results in a zero total outPut.

The next row is termed Value Added. This is a catchall tern for the

paFnents by each colunn industry for non-naterial inputs. In other words,

lalue Added includes the payments by each industry to labor, capital

(depreciation), profits, rents, net intelest, etc. Another way of expressing

value added is in tenns of incorne; value added Payoents are those Paynents

generally treated as income in the National Incone Accounts: wages, salaries,

profits, rents, net interest, etc. A sinilar interpretation of value added

is valid for each of the colunm industries.

The last row, Total Inputs, is sinply the sun over the colr.wr. It should

D€ noted that the figure in the Total Inputs row nust equal the figure in the

total output column for each industry. Another way of looking at this is in

the standard accounting incorne statenent fornat. The elements in each row,

for instance, the figures in the row for Agriculture refer to the sales by,

or' revenues accruing to agTiculture. These total 450 units. Those 450 units

ere in turn disbursed anongst a nurnber of uses. That disbursenent is shown

ir the Agriculture columl where 15 units aae paid to other firns in the

-Vricultural industry, five units are paid to nanufacturing -- for exanPle,

frr inputs of fertilizer and agricultural chenicals; 20 units are paid for

tic purchase of services -- and these are explicitly non-labor services (one

.qrle would be the rental of aircraft for spraying of. pesticides and herbicides)
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The fi gure in the ilports row indicates that agriculture is paying out 10

units for inported products. Sinilarly, the 400-unit entry in the value

added is the total  of  wages, salar ies,  prof i ts,  depreciat ion, rents,  etc.

that are paid out. Since the colunn contains all disbursenents and the

row contains all revenues for the year then the totals nust equal. A sini-

lar inter?retation applies to each of the industries listed.

Moving now to the right hand side of the table, the sun dorm the coluJlm

of Total Intermediate tTansactions simply provides an adding-up of all of

the dol larrs worth of  exchanges between industr ies.

The sun over'the Final Denrand colunn provides an adding-up of all of

the dollar values of products and services that are sold as consuners goods,

plant and equipment, and products sold to governrnent, This is equivalent to

Gross National Product. Gross National Product can, of course, be defined

in two ways: as the dolla! value of all goods and services purchased in

the economy, or the dollar value of all incone spent in the econorny. It

is therefore not surprising to note that the sun across the row labeled

"value addedrr also adds up to the sane value as the sun over the colurm

of final denand.

Consequently, in the loner right hand coraer of Table 2.1, we find

that the total of intermediate tTansactions within this sanPle econony is

1220 units, the total GNP is 1080 units, and the sun of these two --

generally terned Total Gross Output -- is 2300 units.
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Table 2.2 shons the direct input relationships that are derived fron

this input - output table shown in Table 2.1. The method of deriving this

table is sinply to divide every elenent in each coltrnn by the total output

of the industry represented by that colurm. Consequently, one would divide

the first co lunm in Table 2.1 by 450. The resulting coefficients are terned

the direct, or technical coefficients of production. To produce one unit of

output, the Agricultural sector nust purchase .0333 units fron itself. Sini-

larly, to produce a unit of output, Agricultural nust Durchase .0111 units of

the output of Manufacturing II and .0444 rmits of the output of Services.

Sinilarly, it requires .0222 units of irnports. Addition of .8889 units' lrorth

of labor, nanagement, financial services, etc. rounds out the ability of the

Agricultural sector to produce one unit of output.

While these tables tend to appear nost conplex when presented in their

full detail, they are in fact relatively sinply in concept. Their prirnary

purpose is to allow one to get into the nuts and bolts of production. When

these tables are integrated into forecasting rnodels they allow one to explore

the effects of changing the distribution of denand. They also allow the

analyst to explore the impact of e:<plicit changes in the ways the products

are nade -- regardless of whether these changes originate in technological

changes or in a sinple substitution caused by change in relative prices.

In sone instances, these nethods allow us to explore the irpact on the econony

of the construction of new products. In the past we have analyzed the inpact

on the U. S. econony of the B-1 bonber production progratn ( fO 1. A sinilar

analysis could be undertaken of the production progran for the space shuttle

yehicle, or the introduction of any maj or new product line; be it governnent

loonsored or a str ict ly pr ivate business developnent.
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Input-output Models

Input-output, or interindustry analysis, is a nethod of detemining

detailed industry outputs which is m:ch more powerful than pure regression

techniques. An equation relating electronic conponents to GNP nay have

worked well enough in the past; couPled with a projection of potential GNP,

it nay produce a forecast which tine will prove to be more accurate -- or

nore lucky -- than one rnade with input -output. But it renains basically an

inscrutable forecast. When we want to take a "long' hard look at itrr, there

is nothing to look at but a graph of how well it has done in the past. A

najor advance would be to utilize our knowledge about the rnyriad products

incorporating electronic conponents -- instrunents, home entertainnent

goods, bionedical equipnent, nilitary hardware, etc. But then we need

forecasts of instrunent output, radio-Tv output, defense spending, and

investnent by the medical and health care industries. The last iten depends,

in turn, upon a varied set of federal and regional governnent policies and

a host of other variables. When faced with a problen of such rapidly

increasing conplexity it is no wonder that business forecasters have turned

to various short-cut rnethods. Input-output, however, provides both a neans

of coping with this cornplexity, and p method of incorPorating a wide variety

of speci f ic infornat ion.

The input-output franework contains a conplete set of relationships

between any industry and all of the markets for its product (the provision

of a service is also cal led a "product") .  The port ion of  outPut sold to

other industries for further processing is called internediate product, for

it is used by the purchasers as a current input in their production processes'

The rernainder of output is by definition sold to final denand ' these final

deoand custorners fall into the faniliar Gross National Product (GNP) Accounts
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categories, that is, personal consulption, investtnent in plant, equiprnent and

inventory, governnent and foreign trade,

The entire I-O accounting franework can be expressed as a simple set of

equations, one fot each industrY:

(1) Output = Consunption
+ Investnent
+ Goverrunent
+ Net Foreign Trade
+ fntennediate Sales

,,Internediate seles" is the only category nornally onitted fror GNP, since

it would lead to nany instances of double counting. A calculation of GNP

does not count the value of wheat in flour if it has al"eady accormted for

uheat production elsewhere.

The nost inportant contribution of I--O ls the method of computing th€se

intermediate sales. l{e have 185 industries in our systen' leading to an

astonishing 34,225 (=185') possible internediate sales to other industries,

including sales nade conpletely within one industry. PTesently, 14,000

contain non- zero entties. This natrix has actualty been estinated for the

ltnited States econony by the Bureau of Economic Analysis (BEA) for the years

:.958, 1963, and 1967. Presently, through a process of updating, our natrix

is based on 1971 data.

With this natrix of tfansactions, we then have a shoPping list of inPuts

ior each industry, and we can derive a set of direct or technical coefficients

ierr)  eiv ins us the wei.ght of  the i th i ten in the l ist  for the l th industry.

rbre precisely, aij is the value of the ith pToduct used as input to produce

ae dol larts worth of  product j .  For example, in 1967 the Motor Vehicle

:rdus try required $0,0206 worth of  rubber,  $0.071 worth of  i ron and steel ,

ed $0.0571 worth of netal stanpings as direct input to each dollar of motot
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matrix algebra, let A
of total final denands

then :

for which is:

be the natrix of
for each product.

-t

tlvehicle output. If we assune that the jth industryts dernand for each iten on

the list is proportional to its own output, then we can solve equation (l)

sinultaneously with similar equations for every other industry,* In this way

we obtain industTy outputs that are in balance with current input requirenents

and with f inal  denands.

The systen outlined above is a good one for evaluating such problens

as the current period inpact upon all industries of a change in autonobile

sales. l{e can easily trace the resulting changes in the purchases of steel,

rubber, glass, plastic, and other items on the auto industryrs shopping list.

But th is is only a stat ic appl icat ion of  the lnput-output table.  I t  does not,

for example, evaluate the incone effects of this change in auto denand, nor

does it tell us anything about resulting changes in investment plans by the

auto and steel industries, which in turn would each have further effects on

the steeL industry.

*For those a bit farniliar with
r l l  t he  a i i r s ,  and  F  be  the  vec to l
I f  Q is the vector of  total  outPut '

Q '  r  *  A Q ,  t h e  s o l u t i o n

Q = ( r -A)- rF

rhere f  is  the ident i ty  natr ix ,  and ( I -A)- f  is  ca l led the ' r leont ie f  fnvetset l
t :  the matr ix  of  d i rect  and ind i rect  requi renents per  dol lar  of  de l ivery to

iinal dernand.
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D. INFORUM: Beyond Input-output Tables

INFORUM, on the other hand, is a consistent dynarnic forecasting nodel.

This neans that industry outputs are deternined year by year on the basis

of forecasts for all product narkets, the building of sufficient capacity

to produce those outputs, and the availability of labor. Thus no industry

is allowed to grow faster than the surn of all its narkets. hile the I-O

rnatrix plays quite an inportant role in this nodel, it should be clear now

that it helps us to forecast only one of the several types of markets to

which any product is sold. Hundreds of forecasting equations using various

regression techniques are used to forecast final denands, Droductivity and

other series in INFoRUM.

An integral part of this procedure is the estination of coefficlent

change, since few, if any, production processes will renain exactly the sane

over the nediun to long tern,

f) The Input-output Table in INFORUM

The basic structure of the input-output coefficient natrix in INFoRUM

is, at present, derived frorn the detailed 480 industry 1963 input-output

ratrix produced by BEA. Work on inplenenting the 1967 BEA table, including

conparing the estimated 1967 table with the actual, is now underway. The

reader should note that the conplete BEA tables are nuch nore detailed than

the aggregated versions published in the Survey of Current Busi.ness and in

Scient i f ic American.

Two najor differences exist between the nost "ecent published table and

the one actually used in INFORUM. The first cones about because the published

IEA natrix is defined in terns of sales by establishrnents and purchases by

product i this rnatrix is definitionally hybrid -- an rrestab I ishnent-productrl
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natrix. The INFORUM natrix, on the other hand, has been "purifiedrr' This

means that the secondary products of an establishnent are reassigned fron

the industry where it was produced to the industry where its production is

prirnary. For exanple, lunber produced in a plant whose prinary Product is

furniture is transferred back to the lunber industry. Along with this

reassignrnent of outputs, it is necessary to reassign those inPuts necessary

for the production of that secondary outPut. The basic assunPtion used for

reassigning inputs to secondary production is that a given product is nade

by the sarne process, no matter what kind of establishrnent nakes it.

The result oi this t'purificat ionrr is to transforn the input-output

Datrix fron an  establishrnent-Productrrhybrid to a "product -productrr puri-

fied natrix. Consequently, INF0RLJM'S input-output data are defined in terns

of products. This is in direct contrast to other I-0 models that Produce

output data in tenns of outputs by establishnents, and allows INFoR1JM to

incorporate neaningful coefficient change procedures.

The second alteration nade to the BEA natrix is to update it to the

Dst recent conplete set of data available' Currently we are using a natrir

which has been "balanced" to 1971 row controls (outputs) and colunn conttols

( total  inputs).  Soon we wiLl  be using the 1967 BEA natr ix,  pur i f ied and

then updated to 1972 controls largely derived fron the 1972

facturers.

2) Coefficient Change

The problern of coefficient change has been app"oached by analysts fron

rany different directions. We avoid the approach nade in nany nodels, where

coefficient change is treated as a residual to be erqlained away. These

Ddels nake no attenpt to deterrnine exactly what individual coefficient

Census of Manu-
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changes are irnplied or whether they are reasonable. More inportant, they

are incapable of producing the consistent details of INF0RUM's rmique Matrix

List ing dur ing forecast years.

In INFoRIJM, and particularly in the Chase Econonetrics version, we take

the nore direct approach. In those industries where coefficient change is

expected, we have $dertaken to exanine the actual paths of the coefficient

over tine. Reasons for this change nay be the introduction of new technolo-

gies, or changes in laws (witness changes due to environnental regulations),

preferences, or relat ive pr ices. The t ime-ser ies data that are used for th is

analysis do not cone from the I-O tables. As is well known, the governrnent

produces the tables once every five years or so, and then usually with a five

to six year lag. Consequently we use data fron other parts of governnent,

fron a host of industry associations, and fron various trade publications.

We use three basic nethods to project the value of input-output coeffi-

cients into the future.

f) Asswrption of a constant coefficient. We might think at first that all

rery small coefficients should be randomly tossed into this category. But

3-en these nnlst be examined, An exanple rnay suffice to show why, During the

:rst decade the coefficient for sales of integrated circuits to electronics

rq,rld have been very snall -- a ninor i.nput to electronics, but to project

:h a coefficient into the future at a constant level would be absurd. All

=ld, less than 10% of our coefficients rernain constant.

:  Er Ante forecast ing. Ex ante forecast ing is essent ial ly a process of

r  :aking est lnates, usual ly f ron engineers,  of  the technical  input structure

ir sone product in a future year, (b) translating this structure into a

cric framework conpatible with i.nput-output analysis, and (c) depending
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upon assunptions about the ti.ning of introduction of this new technology'

incorDorate the new colunn of technical coefflcients in the I-0 structure.

3) Deteflnine the historical pattern of novenent in a coefficient, and fit

that pattern to an S-shaped logistic curve. The nethod then gives a non-

l inear extrapolat ion of  the histor ical  path of  the coeff ic ient.  This nethod

is an improvenent over both the assunption of constant coefficients and of

l inear extrapolat ion. Using logist ic curves we can nore real ist ical ly fore-

cast the use of new technologies whose rate of  growth wi l l  inevi tably level

off after several. years. In nany cases, these logistic Paths have been shown

to approxinate closely the l ikely path of  the coeff ic ient der ived from ex ante

forecasts and engineering information. We are in the process of inproving

the procedure by including other relevant var iables, such as relat ive Pr ices,

into the logist ic fornulat ion. Anong other things, th is wi l l  great lyfaci l i -

tate Chase Econonetr icsr ongoing research into the direct  and indirect ef fects

of conrnodity inflation and the energy crisis.

E. Macroecononic Iryacts

Before analyzing the inter-industry ilrpacts of the NASAHI and NASALO

expendi ture levels ,  i t  is  necessary to  prepare a nacroeconomic forecast  us ing

each of  these a l ternat ives.  The resul ts  of  these a l ternat ives on the aggre-

gate econony are shown in Table 2.3.  l lh i le  the resul . ts  are not  dranat ic ,  they

do indicate that the direction of change in econornic activity frorn an increase

in the leve1 of NASA expenditure is positive and beneficial. The nagnitudes

rre snall because the total Federal expenditure has not been altered and these

:4rovements resul t  so le ly  f ron a sh i f t  wi th in to ta l  Federa l  expendi tures.

Fnetheless,  these resul ts  do ind icate that  NASA expendi tures are less
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inflationary than other Federal govemnent expenditures, and that a shift

toward higher NASA spending with a constant Federal expenditure is not

inflationary in the present economy. Conversely, it would follow that a

shift away fron NASA to other Federal programs could be relatively infla-

tionary in the present econony. Further, the enploynent effect of NASA

expenditures is beneficial, although not large for this small change, and

thus both goals of higher enployment and lower rates of inflation would be

hindered by a lower leve1 of NASA expenditure.

TABLE 2.5

MACROECONOMIC IMPACT OF NASAHI ANDNASALO EXPENDITURES

NASALO NASAhI
1975  1975

1 s 2 9 . 9  1 5 3 0 . 1

820 .7  820 .8

1 0 .  5  1 0 .  5

1084 .9  1085 .  0

1 5 . 5  1 5 . 6

1 7 . 0  1 6 . 9

Gross National Product

Gross National Product ( 1958$ )

Consuner Price Index (% change)

Di sposable Personal Incone

'dholesale Price Index (t change)

Federal Governnent Deficit

- \ l l  f igures are in bi l l ions of  dol lars except where indicated otherwise.

\ \SAHI = NASA expenditures dur ing 1975 of $2.35 bi l l ion in 1971 dol lars.

} iASALO = NASA expenditures dur ing 1975 of $1.35 bi l l ion in 1971 dol lars.

Ttre changes that are presented between the NASALO and NASAIII expendi-

ture levels  are not  large,  a l l  be ing in  the last  d ig i t  or  changes of  $0.1

bi l l ion,  except  for  GNP where the change is  $0.2 b i l l ion.  S ince these

tross aggregates are inadequate to exanine the full inlpact of this snall

change, we now turn to the nicroecononic results of util izing the INFoRIJM

ndel ,
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F. Industry Inpacts

1) Enp loyment

We first exanine the nanufacturing sector. As shown in Table 2.4,

enploynent is increased by 20,000 jobs in total manufacturing. lfhile the

stat ist ical  s igni f icance of the magnitude of th is change is quest ionable'

it is nonetheless evident that NASAHI creates jobs rather than destroying

jobs. This is part icular ly important for 1975 when the U. S. econony wi l l

be attenpting to recover fron the longest tecession in the post-World War II

per iod.

Aggregate U. S, ernp loynent as estinated in the INFoRUM nodel increases

by 7,000 jobs in 1975 under the NASAHI assurlption as compared with the NASALO

assulttption. This change also confirns that NASA spending creates rather than

destroys j  obs.

2) Output

Manufactur ing output in 1975 (neasured in 1971 constant-dol lar terns) is

0,1% higher under NASAHI than under NASALo. This increase of $847 ni l l ion in

output results only fron a redistribution of governrnent spending from other

Federal governrnent expenditures to NASA expenditures. It is also inportant

to note that the nanufacturing sector will be slowest to lecovel during 1975

because of the secondary effects of the severe recession in the autonobile

industry,  and that again the ef fect  of  th is shi f t  wi l l  be stabi l iz ing.

3) Product iv i ty

The shifts in industry output caused by an increase in NASA spending

redistribute sorne demand in addition to creati.ng new denands. This redis-

tribution of denand tends to shift spending fron traditionally low produc-

t iv i ty industr ies to higher product iv i ty industr ies,  thereby increasing the



-29-

LTnometric
Astociates, Inc.

aggregate productivity in the econony. While the change, as with enploynent,

is once again rather snall, it adds to the preponderance of evidence that

NASA spending tends to be rnore stabilizing in a recovery period than general

governnent spending. The increase in productivity, which is neasured in

thousands of dol lars of  output per nan-year,  is shown in Table 2.4.

TABLE 2.4

TOTAL MANUFACTURING OUTPT}T, EMPLOYMENT, AND PRODUCTIVITY FOR 1975

Output
(bi l l ions 1971 dol lars)

Enp loynent
(mi l l ions of  jobs)

D  F ^ *  r ^ t - i  r r i  + v

(thousands of dollars pei nan-year)

NASAHI

$  7 8 9 . 3 4 0

2 0 . 0 6 1

39 .  347

NASALO

$  7 8 8 . 4 9 3

?0 .04 r

39  .344

Ratio

1 . 0 0 1

r  .001

l .  0001

G. Inter- Industry Effects

l) Enp I oyment

In the 94 industry disaggregation of the U. S. econonry for which the

I)IF0R[JM nodel computes enploynent forecasts, the NASMI assunption results

in higher ernployment than the NASALO during 1975 in four industries and in

Lower enployrnent in six industries. The renaining industries were unchanged

by varying this assunption. While only four industries were aided, this

resul ted in an aggregate increase of 28,000 jobs, pr imari ly in the aircraf t

end ordnance industries. The aggregate loss of jobs in the six nanufacturing

:ndustr ies af fected totaled 7,000 jobs, wi th no indiv idual  industry showing

e large change. Table 2.5 presents the employnent results for the affected

:ndus t r i es .
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TABLE 2.5

EMPLOYMENT BY INDUSTRIES AFFECTED BY NASA SPENDING SHIFT

A5socaatea. Inc.

A

EMPLOYMENT BY SELECTED INDUSTRIES HI LO
(thousands)

DIFF

Industry
Nunber

5
59
67
77

22
2S
2 7
30
.)t-

72

Industfy

Missiles and Ordnance
Machine Shop Products
Connunication Equj.p.
Aircraft

Total

Logging and Lunber
Furniture
Paper and Products
Print ing Q Pub l i  shing
Industr ia l  Chenical  s
Shipbui lding

Total

SIC Code

24r ,  242
Z J

26 (ex 265 )
27

5 / 5

1 9

366

1 5 4
1 9 1
404
s01

307
545
5 U.i-

688
295
169

t42
190
402
488

308
s44
502
689
296
1 7 1

+ 1 2
+ 1
+ 2
+ 1 3

+ 2 6

- t
- l
- l
- l
- l

a

- 7

+20  *Net gain in Manufacturing Enployment

(thousands of j  obs)

3) output

0f 185 industries of the U. S, econony for which the INFORUI4 model pre-

pares total shipnents forecasts, the NASAHI assulptions increase denand for

?l industries, reduce demand for 130 industries, and have no output effect

on 34 industries. As was shown in Table 2.4, the aggregate nanufacturing out-

put was increased, but it is particularly inportant to exanine the najor

' r;una=F error
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industries affected, particularly in areas where supply conditions have

persistently caused bottlenecks, and in which these constrained supply

conditions have caused severe inflationary pressures.

We f i rst  exanine the basic nater ials industr ies in Table 2.6.  The

dernand for all of these rnaterials, excepting aluninun, is decreased

slightly by the shift in spending frorn NASALO to NASAHI. of course, NASA

expenditures wi l l  cont inue to ut i l ize al l  of  these nater ials,  but the net

change as conpared with the average of other Federal Sovernnent Progralns

results in reductions in denand in these industries. This lesult is due

to the large equipnent conponent of NASA expenditures and probably resul'ts

frorn the significant intennediate denands placed on these industries by

other governrnent PTograrns.

These small reductions in dernand pressure would, at the nargin' contri-

bute to rel ief  in terms of inf lat ionary pressures on these industr ies.  I t

is also inportant to note that several of these industries dePend heavily on

irported raw rnaterials and should therefore benefit the U. S. balance of pay-

nents posi t ion s I  ight ly.

TABLE 2.6

SHIPMENTS OF BASIC INDUSTRIES

Copper
Industrial
S tee l
Zinc
Lead
Aluninull
Structural
Conputers
Petroleum

-lll figures are

chernicals

netal products

refining

in mi l l ions of

NASAHI

6260
20662
34931

:  F T F
J . t J

546
8  0 1 0

1 4  5 9 1
77302
30658

l 9 7 l  d o l l a r s .

NASALO

6267
20682
34933

5 1 5
s47

7985
14599
L1323
50685

DIFF

- 2 0

0
- t
+ z J
- 8
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The effect on NASA's najor supplying industries is even rnore drarnatic

than the effects on basic rnaterials industries. Table 2.7 indicates the change

in shiprnents by each of NASA's najor supplying industries. It is noted that

the aggregate change in shiprnents by these industries is greater than the

$1.0 billion change in expenditure between NASAIII and NASALO assuptions.

This additional increase occurs because the redistribution in governnent

spending has sorne feedback effects in the econony during the first year of

expenditure and these nultiplier effects thenselves increase demand in these

industr ies.

TABLE 2.7

. SHIPMENTS BY MA.IOR NASA

I-O Category

20 Guided Missi les

127 Comnmications Equiprdent

154 Aircraf t

I55 tngrne

f36 Aircraf t  Parts,  etc.

SUPPLYING

NASAHI

2890

. l J J  / O

8019

3198

5097

INDUSTRIES

NASALO

2324

13500

7880

3080

4768

Total

DIFF

+566

+ 76

+ 3 9

+  1 8

+329

102  8
.\11 f igures are in ni l l ions of  1971 dol lars '

Considering the possible inflationary effects of a denand increase in

these industries, we nust first attenpt to get an estinate of caPacity in

these industries. Because no accurate neasure of physical caPacity exists

for these industries, we have used errp loyrnent data as a proxy. Both produc-

tion worker and total enploynent was exanined for peak years and for an

average of pre-Vietnam and post-Vietnarn years to conclude whether resources

should be available in the economy to perrnit an inctease in output in these
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industr ies without increasing factor costs s igni f icant ly.  Table 2.8 indicates

that employnent in three of these industries has declined substantially both

fron peak years of 1966 for Electronic Conponents and Guided Missiles and

1968 for Aircraf t .  Addit ional ly,  each of these three categories has decl ined

on average during the post-peak Vietnan period, indicating a substantial nar-

gin of slack capacity in these industries. Only Instrurnents has seen a growth

in enploynent fron 1968 to 1973. There should not be any resultant suPPIy

difficulties in these industries which account for virtually all of NASA

spending, and it is therefore unlikely that this denand increase will affect

the overal l  rate of . inf lat ion in the U. S. econony.

-33-

TABLE 2.8

EMPLOYMENT IN MA.JOR NASA SUPPLYING INDUSTRIES

1966 1968 t973
1969- 1973
average

333

99

466

468

1960- 1964
averase

328

r57

359

41s

Aircraft

cuided Missi les

Instrutnents

Connrunication Equipnent

( thousands of jobs)

4L7

159

431

468

489

150

462

275

95

49S

438

It should be noted in particular that in addition to only one industry,

instrunents, having enploynent above its prior peak year, only instrunents

has a level  of  emploFnent above i ts 1969-1973 average, showing a seculal

trend which nust leave substantial idle capacity in these industries.
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3) Product iv i ty

Just as in total nanufacturing there was no statistically significant

change in productivity during 1975 as the resdlt of a higher level of NASA

spending for individual industries, there are also few productivity changes '

Of 87 industries for which output per nan-year is calculated, increases

were shown in only two industries, ordnance and aircraft, both of which

would be expected. In neither case was the increase significant. Only one

industry showed a reduction i.n productivity as a result of the NASAHI assr.Mlr-

tion; this change was insignificant and was in the service sector.

H, Conclusions

In this section of the study, we have shown that a shift to NASA e:<pendi-

tures fTom other Federal governnent spending will stinulate the econony without

raising prices. In particulal, we found the following effects of a shift of

$1  b i l l i on  i n  1971  do l l a rs .

l) A higher level of NASA expenditures would not have an inflationary inPact

on the U. S, econony during 1975 and would probably reduce the inflation pres-

sures in the economy.

2 )  A  sh i f t  o f  $1 .0  b i l l i on  i n  1971  do l l a rs ,  o r  $ t .A  b i l l i on  i n  1975  es t i na ted

prices, from other Federal non-defense expenditures to MSA expenditures will

reduce the inflationary pressures in several key basic materials industries.

3) A shift to increase NASA e:<penditures will increase enploynent by 25,000

in the nissile and ordnance and aircraft industries. ltrhi le it will reduce

c+loynent in six other industries, the net increase in the nanufacturing

sec to r  w i l l  be  20 ,000  j obs .
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4) Output will be stinulated in twenty-one industries. The principal indus-

tries which wi.ll be affected currently have considerable excess capacity and

are producing at levels well below their peak years and in most cases below

the average of the past five years.

5) A shift toward higher NASA spending within the franework of a constant

level of total Federal expenditures creates jobs without raising the late

of inflation, and hence is rnore stabilizing in a tecovery period than general

governnent spending.
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5. THE LONG-RTJN ECONOMICIMPACT OF ALTERNATIVE

fntroduction

While the set of short-run sinulations were instructive' they were

severely l in i ted in scope'  There is l i t t le quest ion that i t  is  inportant

to determine whether increases in NASA spending would or would not contri-

bute to inflation in the short run, since we are watned abnost daily of

the inflationary inpact of increased governnent spending even when the

unenploynent rate exceeds 9%. Yet most observers would agree that if

R Q D spending does have a beneficial effect on the economy' it occurs

prinarily through an increase in the rate of technological progress' both

in the originating industry and through spillove" effects' These changes

clea"ly do not work their way through the econonic system during the yeat

in which the R 6 D spending is originated' and in general have little effect

for at teast two years. Thus if we are going to explore the effects of R & D

spending on the economy, we need to nove to a long-run sinulation scenario

for that reason alone.

Yet there is an even nore inportant reason why we need to consider the

long-run inplications of higher R & D spending' An increase in the rate of

technological  ptogress leads to an e)cpansion of  the product ion possibi l i ty

frontier because nore outPut can be produced with the sane anount of input '

However, this increase is not autonatically transferred into a tise in aggre-

gate denand. Instead, inPTovenents in technology lead to lower prices' which

raise real disposable income' Consumers can then spend the additional dis-

posable incone on more goods and services, including but certainly not

l i n i t e d t o n e w p r o d u c t s f a s h i o n e d f r o n t h e n e w t e c h h o ] . o g y . I t i s t h i s b o o s t
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in real incone which leads to the highe! level of denand, output, and

enploynent which we find in our sinulations. This process also takes

tirne to work through the systen. As a resultr the tnajor effects of

increased R $ D spending are not felt until several years fron the date

of original expenditures ' When these occur, however, they are likely to

be very significant '

Thus we need to consider both the demand effects of increased spending

and the supply effects of a higher rate of technological growth and hence a

larger total productive caPacity. Since R Q D spending increas'es the rate

of technological progress, it pertnits a greater rate of capacity expansion

and also lowers the rate of inflation, hence increasing the real purchasing

power of  consunets.  In the absence of technological  progress, wage rate

increases could not be offset by productivity gains, and thus prices would

increase by the sane proportion, This actually reduces real disposable incone,

since consumers are faced with a progressive tax schedule which is denoninated

in current prices. Higher prices also result in inadequate accrmulation of

capi tal  consulpt ion reserves, s ince these feserves are based on histor ical

rather than replacenent costs. Thus significant long-range benefits accrue

to al l  sectors of  society when the rate of  product iv i ty gain is increased.

In this section of the rePort we first describe the nacroecononic approach

to measuring the rate of technological. progress, hereafter referred to as Y'

l{e then relate y to a nunber of factors which represent the deterninants of

increases in productivity, including R & D spending. l{e next use the regres-

sion coefficient for NASA R & D spending in this equation to deterrnine the

historical rate of return with respect to suPply effects which has been

realized. Finally, we sinulate the effects of increased (or decreased)

:iASA R & D spending on the U. S. econony over a ten-year period.
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B, The Macroeconomic Approach to Estinating the Rate of Technological Progress

The rnacroeconqrnic approach to estimating y has often been criticized- In

e wel l -wr i t ten and frequent ly-referenced art ic le,  M. L Nadir i  (  5 l  )  states

the case thus:

Aggregat ion is  a ser ious problen af fect ing the nagni tude,  the stabi l i ty ,
and the dynamic changes of total factor productivlty ... that the use of the
aggregate production function gives reasonably good estinates of factor pro-
ductivity is due nainly to the narrow range of novenent of aggregate data,
rather than the solid foundation of the function. In fact, the aggregate
production function does not have a conceptual realj.ty of its own; it energes
as a consequence of the growth processes at various nicroecononic levels and
is not a causal deterrninant of the growth path of an econony.

What say we to these charges?

The problen of aggregation in econornics is a thorny one about which rela-

tively little is known even today. Yet this has not hampered the developnent

of theoretical and ernpirical research in other areas of econonics. It has

often been shown that one cannot logically proceed from an individual Engel

curve to an aggregate consunption function, but this has not stopped the flor

of work in this area. The concept of aggregate and industry investnent fimc-

tions is alnost neaningless in this day and age of the tnulti-product, nulti-

division, and nulti-national firms, yet no attenpt has been rnade in the liter-

ature to trace ernpirical shifts in the investnent Patter"n of a given fint anong

various products, industries or even countries as expected rates of profit

change. The aggregate wage rate funct ion, usual ly referred to as a Phi l l ips

curve, is governed pr inar i ly by inter- industry shi f ts;  L ipsey (  35 )

t r ied to develop this concept at  an ear ly stage but i t  has received vir tual ly

no support in the past fifteen years. Yet the aggregate consunption, invest-

rent and wage rate functions have becone established as the cornerstones of

lacroecononic analysis. One wonders why the adnitted difficulties of the

aggregation problen are focused alnost exclusively on the production function.
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We can shed sone light on this question by exanining in skeleton fortn

the historical develoPrnent of work on the aggregate production function and

gfowth in factor productivity; the litefature is reviewed in greater detail

in Appendix A. PauI Douglas ( 20 ), in his pioneering work, argued

strongly for the existence of an aggregate production function of the forn

(5 .  ra ) x = ALaKI 
-a

where c = the elasticity of labor with respect to output.

X, L, and K stand for outPut, labor input and capital input respectively.

This is universaLly known as the Cobb-Douglas production function.

Douglas defended his Position on the grounds that the relative shares

of labor and capital have renained constant over long Periods of time. He

also estinated functions of the form

( 3 . l b ) x = nldxB

and found that a+g was not significantly different fron unity. The use of

an exDonential trend, written as

( 5 . l c ) x = ALoKBeYt

who also reported that a+B waswas popular ized by Solow in 1957 (  61 ) ,

c lose to but s l ight ly less than uni ty.

Two nain fLaws were perceived in this approach. First, the size of the

residual .1 appeared to be nuch too large to be ascribed strictly to randon of

exogenous events. Furthernore, it contained significant long-lun fluctuations.

The first najor work to point this out was that of Abronowitz and Fabricant

(  f ,  25);  the bulk of  the nore recent work has been done by Denison (14, 15)

and Kendrick ( 32 ). Thus research in the past twenty years has centered

on alternative forns of the aggregate production function.

The large residual elernent rneasured by '1 suggested a number of problens

Hith the simple aggregate Production fimction. One problen is clearly the
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possibi l i ty of  oni t ted var iables, such as those inf luencing the qual i ty

labor or capital inputs. Another problen arises frorn the heterogeneity

associated with the inclusion of vastly different industries in an aggregate

function and the nature of the inputs thenselves. A third pToblern is that

the resources devoted to technological change nay well be endogenously deter-

nined, or at  least should be separately ident i f ied and not s inply luPed into

the residual  category.  Fourth,  the Cobb-Douglas funct ion essent ial ly incor-

porates a static approach, whereas inprovernents in technology filter through

the econony only after many yeals. Fifth, changes in relative factor Prices

nay result in changes in factor demand and hence different growth Tates in

technology. This list could be extended alrnost indefinitely, but these

areas represent the najor criticisns of the Cobb-Douglas approach.

We deal wi th the last  point  f i rst ,  s ince i t  has generated the nost

voluninous outpouring of discussion.. The Cobb-Douglas function assunes

that the elast ic i ty of  subst i tut ion between factors,  usual ly denoted by o,

is uity. This follows directly frorn the assumption that a and B are equal

to factor shares under the assunptions of perfect conpetition and cost nini-

nization. Howeve!, a nore general class of production functions for which

the elasticity of substitution can take any (constant) value was developed

by Arrow, Chenery, ldinhas and Solow ( 4 ) in 1961. Such a fwrction, known

rmiversalJ.y as a CES function, is derived frorn the equation

(3.2) loc (IL) = c + d loe (! t

-40 -
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where w is the wage rate and p the price of output.

If we inpose the constraints of pure conpetition and

function can be transfonned to

cost ninimization, this

-1

t l - 6 )  L  "  I
I
I

t - _ "
( 3 . 3 )  x = Y l 6 K ' +

-tr / p
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-.er, we can stunarize these findings by saying that in the vast

E:crity of cases, the estinated values for o are less than unity, sug-

jest ing that  the Cobb-Douglas funct ion is  inval id .  Yet  the est inates of  o

ir:'e turned out to be extremely sensitive to the nethod of estination and

q:cification. Furthernore, we cannot ignore the fact that factor shares

irr"e renained relatively constant over long periods of time.

of the major problens in estinating production functions, whether

:--bl,-Douglas, CES or any other variety, is the assunption that firns are

=:1sfying their  co st  -ninimi zat ion cr i ter ia at  al l  t ines. As a pract ical

ratter, firns almost never nanage to acconplish this because they are unable

:o predict  ahead with perfect certainty.  Thus they cont inual ly f ind them-

- lves in disequi l ibr iun si tuat ions which resul t  in underut i  I  i  zat  ion of  one

Jr Dore factor resources. As a practical natter, firms would not adjust the

:inber of enployees for every change in output even if these were known in

:dvance because of the substantial costs of hiring and firing. Thus when we

:5e actual  data,  as opposed to only  those points  a long the product ion fuct ion,

i t  is  snal l  wonder that r , re obtain est imates of  o < l ' �  In fact ,  i f  we were to

shorten the unit tine period used in estination fron annual to quarterly or

Dnthly, we would find the values of o decreasing to zero.

The range of problens which we have just been discussing bears a striking

tcsenblance to early work done in the area of the consunption function, where

f
I
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it has long been deterrnined that (a) the cross-section estirnates of the rnarginal

propensity to consune (rnpc) are snaller than the time-series estimates' and

(b) the rnpc decteases as the time period is shortened. Both these problems

were solved by the introduetion of the concept of the pernanent incone hypo-

thesis,  which in i ts enpir ical  fornulat ion resul ts in a distr ibuted lag for

the income tem. While sone questions have been raised about the strong

version of this hypothesis, namely that the long-run mPc = aPc, alnost

no one questions the dynarnic nature of the consulption function itself.

Yet virtually no attenpts have been nade to introduce dynamic structure

into the production function, The only attenpts have been by Murray Brown

( g ), who has used a distributed lag on factot prices. such an equation

is usually known as a variable elasticity of substitution (VES) function; nany

other versions of VES fimctions have also been foflNlated. lloweveT, this idea

has not been adequately explored on an empirical basis. Thus even though the

cES function adrnits the possibility of different values of o, it has neveT

been transforned into a dynarnic equation. The ernphasis has instead been spent

on varying o with respect to factor intensities but not with respect to tine.

The other problern with the CES function is the question uhether the

firm is actually on its cost -ninimi zation function. In this case, one wa)'

to handle the problem is to deal with ful l -ernployment equivalents of out-

puts and inputs. This is by no means a trivial task, as witness the large

variation in series of full-capacity output which are available. However'

vell-defined criteria can be used to construct these series. This is the

lethodological approach which is used in this study.

If we estinate an aggregate Production function under either of these

approaches -- distributed lags or use of full-capacity data -- we indeed find

that the elasticity of substitution does return to unity in equilibriun con-

ditions. Thus the Cobb-Douglas function does represent a useful empirical



wno"meric
approxination to an agglegate production function under these criteria. This

suggests that most of the r0ountains of work on the CES function has been a

red herr ing. For al l  of  the other conplaints. level led at  the Cobb-Douglas

. function are equally applicable to the oversirnplified two-factor static CES

funct ion as wel l ,

These other conplaints cannot be dj.srnissed simply by including distributed

Iags or noving to full-capacity measures, however, and deserve our further atten-

tion. Thus we first turn to the methodology used to construct full-capacity

est inates of  1,  and then return to the quest ion of  other var iables which

could be included as deterrninants of  y.

C. Est i rnat ing a Tirne Series for y

I t  is thus our content ion, based on the foregoing discussion, that a

Cobb-Douglas function with constant returns to scale accurately represents

the relat ionship between labor,  capi tal  and output providing that fu l l -

capacity neasures of inputs and output are substituted for actual values.

I  nus

^  I  - n
(3.4\  X '  AL o* r-c uYt and hencec c

( 3 . 5 )  I o g  X c  =  l o g  A  +  c  l o g  L "  +  ( 1 - o )  l o g  K  + y t

In these equations K refers to actual capital in place and hence is the sane

Ihether we consider actual or full capacity output, Since we will be refer-

ring to full-capacity neasures throughout this section, we drop the subscript c.

l i f ferent iat ing (3.5) wi th respect to t ixne, we then have

( 3 . 6 )  +  = . f  t 1 r - o l f . t .

3ur task now is to find adequate neasures of X, L,

estinate c fron factor share data. and find it to

e l  sewhere.

and K.  We can easi ly

be 2/3,  as has been repor ted
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(3 .8 )  Nu =

- total enploynent including self-ernployed

= index of maximum hours of work per week

= rate of unenployrnent, t

= rate of hidden unemploynent, %
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We turn first to the estitnates

forward. We have:

(3.7) L =,1-1'Ni-ry * hr"*
100 id;

E

h
nax

UN

IJN,,
n

whe re

^ + R f is  a  t rend l ine through peak points  of  labor  force par t ic ipat ion rates
by each age-sex c lass i f icat ion.  As t  increases the value of  the expres-
s ion,  d+Bt  a lso increases ind icat ing that  labor  force par t ic ipat ion rates
increase over tine,

LF.  = labor  force bv age
1 -

POPi = populat ion by age-

i  =  l ,  . .  . ,  4 ;  g rouPs  a re

xe asslrne no secondary wo

The weakest link in this definitlon is the use of the measured unemPloynent

rate. For a nunber of reasons, a given level of unenployrnent now inplies a

t ighter labor narket than was forn€r ly the case. The pr incipal  reasons are as

r lo I  lows: *

l) The definition of unenploynent in general excludes the self-enPloyed. Thus

as this group declines in relative inportance, a constant unenploynent rate

lpl ies a decl in ing rate for wage and salary workers.

-sex c lass i f icat ion

sex c I  as s i  f i  cat  ion

a
i rnales aged 16-24
i  fenales aged 16-24

l fenales aged 25 -54

Ltotal aged over 55

rkers in  nales aged 25-54.

.  This sect ion fol lows Denison (  16 )  pp.  ss-96.
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This can be seen by a simple example. Assume there are 100 workers in

the labor force each year.  In year 1,  80 are classi f ied as enployees and 20

are classi f ied as sel f -enployed; 10 enployees.a1'e out of  work.  Thus the stated

rate of unenployment is 10%, but the rate for wage and salary workers is f9 or
80

12.5%. In year 2,  the conposi t ion of  the labor force shi f ts so that 90 are

now classi f ied as enployees and 10 as sel f -enployed; 10 ernployees are st i l l

out of work, The stated rate of unenploynent lernains at l0%, but the Tate foT

wage and salary workers decl ines to 
S 

or 11.1%.

2) Secondary workers in the labor force usually have lower marginal produc-

t iv i ty.  Thus as the percentage of these workets in the labor force increases,

a constant unenployrnent rate indicates a declining labor reserve measured in

terms of effective labor input. It is this effect which we try to neasure

through the use of the hidden unenployment tern, which has declined seculafly

over the past twenty Years.

3) Secondary workers are in general not close substitutes for prinary wolkers.

Hence changes in unernploynent in secondary worker categories will have very

l i t t le ef fect  on the supply of  labor.  Thi .s term is also ref lected to a cer-

tain extent in the hidden unemPloynent tenn.

1) Unernployrnent conpensation insurance and welfare benefits have reduced the

nbi l i ty  of  unenployed labor  resources.

A1l  of  these factors tend to work in  the sane d i rect ion,  which is  that  the

reported unemployment rates have Tecently been overstated and hence our estimate

cf  L increases too rapid ly .  Inasnuch as the secular  t rend is  s ign i f icant ,  th is

rethod ascribes too nuch contribution of the growth in output to L and too little
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to y. In other words, the series which we produce for 1 could actually rmder-

state the true nesidual growth in the absence of offsetting factors' However,

this is probably offset by our nethod of .measltring K, as we see next'

The calculat ion of  K is s lnply given by

LSometric

where

ps

'h

gs

f,t

( 3 . 9 )  K =  t  t - r  ( I  l
1 = U  '  - I

N ^  N -
z t J

* 
, lo 

^,t  ( tP')-,  * 
, lo 

^" ( In)
- 1

N,

+ t ^.^
a=u

( f  ' t
\ ^ g s '

purchases of producers durable equipnent

purchases of nonresident ial  structures, pr ivate sector

purchases of resident ial  stTuctures, pr ivate secto!

purchases of nonresident ial  structures, publ ic sector

The lj are determined so that each lN = 0.05, representing the approxinate scrap-

page value in each case. We choose Nt = tS, NZ = ZO, NJ = SO and N4 = 20 years.

The principal comlent to be nade about this forrm-rlation is that we use the

econornic equivalent of the capital stock rather than the physical equivalent,

This is known as enbodied technical change, The physical value of any particular

capi tal  good after one yea! is almost ident ical  to i ts value when i t  was new,

since physical depreciation or breakdown after one year is rnost unlikely. How-

ever, economic obsolescence nay be considerable in a year when new capital goods

becone available which can produce the sane output with less labor input. Thus

inasnuch as we use the geonetric lag formulation,. we may be understating the

effectiveness of the capital stock and hence overestinating y. On balance the

'liases to y caused by our nethods of rneasuring L and K are likely to balance out.

We now turn to the question of estinating full-capacity output. The nain

groblen in this task, it tunrs out, is renoving the cyclical fluctuations in

:he output series. Methods ldhich start with actual output and then t"y to
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rrblow up" the series to full-capacity levels in genelal give rmacceptable

results, This is Patticularly true if the unempl oyment rate is used for the

blow-up ser ies,  As we nent ioned above, any nethod which rel ies on using the

unenploynent Tate as a neasure of the gap between actual and naxinun outPut

gives poor results, since it fails to take into account hidden unenploy-

nent,  shi f ts in the age-sex conPosit ion of  the labor force, or the decl in ing

share of  the sel f -enployed. Ser ies which use capaci ty ut i l izat ion were simi-

lar ly found to be unsuitable.  Here the najor problen is that caPacity

utilization is generally available only for the nanufacturing sector, which is

only about 1/3 of the total econony. Thus when actual outPut is divided by capa-

ci ty ut i l izat ion the resul t ing ser ies has cycl ical  bulges in recession years.

An exanple of this is given in Table 3'1, where it can be seen that the

potential GNP series calculated by the CEA unemPloynent nethod has very larye

increases ei ther in tecession years or the years fol lowing--witness 6.7%,

6.3%, 5.6% and 6.4% for 1954, 1958, 1961 and 1971 resPect ively.  thus we

have I i t t le t rouble discarding this apProach.

A nuch nore sophisticated approach has been used by Denison ( 16 ). We

do not discuss Denisonts nethod in detai l :  the interested reader is referred to

the cited reference, pp. 86-91 and Appendix Q. However, we rnention briefly that

Denison does define potential national incorne as

... the value that national incone would have taken if (f) unenpfoynent hed
been at  4 percent ;  (2)  the in tensi - ty  of  u t i l izat ion of  enployed resources had
been that which on the average would be associated with a 4 percent unenploy-
nent  rate;  and (5)  other  condi t ions had been those which actual ly  prevai led in
that  year .

Clearly (2) is the key adjustnent which nust be nade, and Denison performs a

large nunber of data manipulations to handle this problern.
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Tab le  3 .1

Measures of Potential GNP

CEA Unernployment DenisonCEA Trend

Actual
GNP

Poten-
t ia l Change

5 . 5

3 . 5
J . J

J . J

3 . 5
3 . 6

5 . 6
'  3 . 9

4 . 0
4 . 0
4 . 0

4 . 0
4 . 0

4 . 0
4 . 0

Poten-
t i a l

9o

Change

6 . 7

5 . 6

1 . 0
1 . 9
6 . 8

J ' l

5 . 6
2 . 9
4 . 4
J . : '

4 . 2
4 . 1
2 . 8

4 . 2
6 . 4
5 , 4
3 . 8

- 0  . 2

Poten-
t i a l

%
Change

2 . 8

3 . 0
2 . 9
3 . 0
5 . 2
2 . 5

5 . 2

J . J

3 , 4
3 . 9
5 . 0

4 . 5

4 . 7
4 . 9
4 . 6

3 . 8
4 . 8
4 . 5
4 . 1

gsP.q!e!.

: 9 5 4  4 0 7 , 0  ' L 7 . O

; . 9 5 5  4 3 8 . 0  -  0 . 8
1 9 5 6  4 4 6 . 1  -  8 ' l
' -957 452 .5 -  17 .  5
; 9 5 8  4 4 7  . 3  - 3 9 . 1
i959  475 .9  -27  .6

1960 487,7 -33.4
i96 l  497 .2  -42  .1
' - 9 6 2  5 2 9 . 8  - 2 8 . 4

: 9 6 3  5 5 1 . 0  - 2 7  . 6
' -964 s8l  .1 - I9.2

: 9 6 5  6 1 7 .  8  -  5 . 0
:966  658 .  r  1 l  . 0
' -967  675 .2  2 .2
-968  706 .6  6 .7
- 9 6 9  7 2 5 . 6  -  2 . 2

- 9 7 0  7 2 2 . 5  - 3 4 '  5
- t l t  7 4 6 . 3  - 4 1 . 0

-912  792 .5  -26 .3

- l r 3  8 3 9 . 2  - 1 2 . 3

- )14  82L .2  -64 .4

- 2 0 . 2  4 2 7 . 2

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

- 2 3 . 9  5 1 1 . 6
- 4 2 . 8  5 4 0 .  0
- z o . L  ) J J . v

- 2 9 . 4  5 8 0 . 4
- 2 L . 9  6 0 3 . 0

-10 .5  628 .L
4 .4  653 .7
3 . 2  6 7 2 . 0
9 . 5  6 9 7 . 1

1 l  . 4  7 1 4  , 2

-21 .7  744 .2
- 4 5  . 9  7 9 2  . 2
-42  .8  835  .  5
- 2 7  . 7  8 6 6  . 9
- 4 4 . 3  8 6 s . 5

- 1 7 . 5  4 2 4 . 5

0 . 6  4 3 7 . 4
-  4 . 0  4 5 0 . 1
- 1 0 . 9  4 6 3 . 4
- 3 0 . 8  4 7 8 .  L
-13 .  3  489 .2

- 2 0 . 2  s 0 7 . 9
- 2 7 . 3  5 2 4  . 5
- I2 .4  542  .2
- L Z . L  ) O J . r

L . 2  5 7 9 , 9

1 2 . 0  6 0 s . 8
1 9 .  r  6 3 9 .  0
6 . 0  6 6 9 . 2
4 . 9  7 0 1  . 7

-  8 . 2  7 3 3 . 8

- 2 7 . 4  7 4 9 . 9
- 3 2 . I  7 7 8 . 4
- 2 3 . 3  8 1 s . 8
- 1 6 . 7  8 5 2 . 5
- 6 6 . 3  8 8 7 . 5

424.0

4 5 8 . 8
454 .  5

.  470  .0
486 .4
5 0 3 . 5

5 2 1 .  r
5 3 9 . 3
q .<e  ?

5  / 6 .  O

6 0 0 . 3

6 2 2 . 8
6 4 7 . L
673.0
6 9 9 . 9
7 2 7 . 8

757 .0
787  .3
8 1 8 .  8
8 5 1  . 5
8 8 5 . 6

::1 GNP f igures are given in bi l l ions of  1958 dol lars '
' :hange .6f".t to the change in potential GNP for each categoly'


