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THE POSITION OF METALWORKING INDUSTRIES IN THE STRUCTURE OF AN
INDUSTRIALIZING ECONOMY

Anne P. Carter and Wassily W. Leontief. Harvard Economic Research Project. Harvard University, Cambridge. Mass..
United States of America

In this report are described the relationships, to cach
other and to all other sectors of an industrial economy.,
of industries in the metalworking complex. Systematic
quantitative information should facilitate translation of
the preliminary aggregutive outlines of a national
development plan into spectiic industrial programmes
which. in turn, should provide a tirm basis for detailed
destgn and assessment of individual investment projects.

The emphasis i this intermediate stage of develop-
mental planning 15 on interindustrial balance: on the
provision. for euach newly estabushed branch of pro-
duction, of an appropriazte supply ol raw and semi-
timshed materials, ol power, and ot other kinds of inputs
on the one hand, and of a properly assured outlet for its
output on the other. The analytical procedures and the
factual information are intended to lacilitate planning the
expansion of metalworking industries within a frame-
work assuring balunced growth of all sectors in a deve-
loping economy.

In an industria! economy, metalworking industries
function as the clnel suppliers of durable capital goods to
all sec s, Indeed, metalworking and construction sectors
are the only major suppliers ol durable capital goods. In
1958. United States metalworkers contribated 31 per cent
of all gross private capital formation, the bulk of the
remainder coming from the construction industry. In
contrast, their contribution of current account inputs,
that is, materials, parts and components, and services to
other industries in the economy, was relatively small.
Becausc of the special interest here in capital-producing
sectors, particular attention must be given to problems of
cap tal accumalution, of growth and replacement, if the
economic lunctions of the metalworking industries are
to be understood.

CURRENT ACCOUNT INPUT-OUTPUT TABLES

The presentation will be organized around a series of
tables. each designed to illustrate a particular aspect of
industrial interdependence. Table | is an input-output
table for the United States in 1958, It shows the dollar
value of sales by establishments in each of the eighty-one
industries of the economy in relation to each other and
to final consumers, households, Government, exports
and imports, net change in inventories and gross capital
formation. Imports are shown as negative entries, i.e.,
as an offset to other final demand items. Each row
describes the industrial destinations of an industry’s

products: cach column details an industry’s purchases
from the other sectors. If we divide the purchases by
cach industry (in a given column) by that idustry's
output, we obtain i set of mput-output coctlicients.
These are shown in table 2. The coetlicients i cach
column are essentially a recipe for a umit of its output.
They show, for example, how much coal, ore and serap
are purchased by the steel ndustry per unit of steel output.

Throughout the world. mput-output tables live been
made for more than fitty countries varving in stages of
industrial development :ind types of ccononne organiza-
tion. Economies differ quite a bit, and so, naturally, do
the input-output tables which describe them. 1 ook, for
example, at the input-output tables for India and Japan,
tables 3 and 4. While it is not easy to compare them (the
transactions are in different currencies, and prices and
the sectoring plans are not the same), important re-
semblances and differences are apparent. Sales and
purchases by manulacturing and particularly by metal-
working sectors have much greater relutive importance
in Japan than in India. In both countries. however.,
primary metals  producers and other  metalworking
sectors supply the bulk of metalworkers™ mputs.

A country which is formulating 1ts development plan
will want, natucally, to base its analysis on s own
input output table in so far as possible. In the discussion
which follows. we shall refer most often to the most
recent materiul for the United States economy, since this
is the material most readily available 1o us. Because the
United States already has a highly developed metalwork-
ing complex, we can use it 1o provide examples of the
interrelationships aumong metalworking and other sectors.
Later, imports are introduced as an alternative source of
metalworking products. The analytical procedures which
are presented can, and indeed should, be apphed to data
for other economies as well

In tables 1 and 2. sectors have been arrunged roughly
in “triangular order”, ic.. the industnies producing
primarily final goods (machinery, clothing, processed
foods) are placed at the top of the chart, followed by the
producers of intermediate products (engines and turbines,
electronic components, machine ~hop productsy. and still
below that by producers of raw materials, energy, ete. If
production were always a “one-way street”, the arrange-
ment would be perfectly triangular: there would be no
transactions in the upper triangle of the input-output
table. But this is not the cuse. Chemicats are used to
make paper, but paper is used to package chemiculs.
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Steel 1s used to make blast furnaces, but blast furnaces are
used to muke steel. Nuts, bolts, and serews go o
machines, but are ubvo made by muchines, etc. These
circular or bucktecding aspects are very important n a
complex industriatized cconomy fto1is important to
insure balance, among these imterdependent processes, in
planning or forcaasting ceonomie development.

A standard input-output computiation permits us (o
trace the impact of any given change in deliveries to finat
demund on all inter-mdustry flows on current account,
and hence on att indusiries” outputs. If more autontobiles
are to be produced for consumers or for ¢xport. then the
economy will have to feliver more steeh, metal products,
textiles, and power to the automobife ndustry. To supply
these additional tnputs to automobiles, the steel industry
will have to consume more coal, ore, uand scrap, the metal
products industry sull more steel, the textife industry
more chenucals and natural fibres, To supply this second
round of addittonal inputs, sutl more ore, coal and scrap.,
more chemicals, more coal. and o on, are needed. To
compute afl the direct and irdirect requirements of a
given change in final demand. we compute the so-called
“inverse coefticient matrix.”! Table §1s such an inverse
matnx. bach element tetts how much of the ,roducts of
the industry on the left are required per umt increase in
final demind for the product listed at the top. The inverse
coefficient for steel into automobiles tells how much the
total production of steel tn the economy must increase
per dollar increase in deliveries of automobiles to final
demand. Inverse coeflicients will always be equal to or
larger than direct input-cutput coeflicients (table 2)
because they include indirect, in addition to direct,
production requirements.

FOREIGN TRADE AND IMPORT SUBSTITUTION

In tracing the direct and indirect effects of changes in
the bill of final demand on domestic outputs, exports must
be added to the other items included in the final demand,
while imports have to be entered in it as a column of
negative figures. M. for example. a country were to
increase ity export of electrie motors, the output of the
electric motors industry and of its various direct and
indirect suppliers would have to increase by the same
amount by which they would have to be raised if the
additional motors were produced for domestic  use.
Increased imports of electric motors would have just the
oppuosite effect.

Import substitution 1s nothing bt & combination of a
cut inimports and an equal rise in domestic output (with
the level of domestic final demand remaining the same
as it was before). The combined direct and inairect
impact of the two shifts on every sector of the economy

! (Lk)’ I, where A i the matrix of flow coefficients

[an a; . . . an
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:m: 9 . . ¢ asexemplified in table §
. . -
Lam Bn

Anne P. Carter and Wassih W | eontict

can be estimated through simple summauon of the
separate effects of each of them. In general, given . come
plete export progrumine and a corresponding  mport
programme of a country, ther total effect on the tevel of
output 1n cach brunch of dometic industry can be ot
mated through subtracoon of the direct and indoeat
effects of all ty pes of imports from the combimed 1 potin e
eliects of afl the different hinds of exports

Using the table of technwii mput coctlicients, 111~ even
simpler to compute the import reguirements for rw
material,  sena-finshed  and finished  goods o the
export surpfuses  corresponding to any combinition o
projected outp it fevels of comestic mmdustiies with gnen
quantities  of their respective products altocaied 16
exports and absorbed in final domesuc use. The mpuis
required by cach industry to attain the projected e .ol of
output can be determined on the basis of the appropriate
input coethicients. These mputs combined with projected
deliveries to final use will yield estimates of totat domesue
demand for each type of goods. Comparing 1hese with
the projected total domestic outputs, we arrive at the
figures of required imports or exportable surptuses

| AROUR AND CAPITAL CORFRICIENIS; AGGRIGATION 1O A
38-S1CTOR CLASSIHICATION

rarge coeflicients in the United Siates coefficient table
and in the inverse coefficients table are shaded. They
represent relatively important direct or indirect hnkages
between a given selling industry (identified on the left)
and purchasing industry (identified at the top). Sectors
9-35 (sector 15 can be excluded) in tables I, 2, and § are
metalworking sectors.

With large capacity high-speed computing equipment,
it is not difficult to deal with eighty-odd sector input-
output tables, or even much larger cnes. On the other
hand, it is stll very clumsy to print and reproduce la-ge
matrices on a single page of paper. To facilitate presenta-
tion here, we have chosen to consolidate or aggregate, the
United States input-output materials to a thirty-eight-
order classitication. The consolidated flow and co-
efficient tables are given as tables 6 and 7. Since we are
concentrating on the metalworking sectors, we have kept
full detail in the twenty-five metalworking industries, but
aggregated the non-metalworking sectors into  only
thirteen sectors. Metalworking sectors are renumbered
I 25. The last five rows in the ceefficient table, 7. <how
total fixed capital requirements (dotlars per dolar of
output), labour requiremerts in man-years per thousand
dollars of output. for three different types of labour skills,
and total labour requirements. Multiplying the output
levels for each of the thirty-eight industries by these
labour coefficients, we can obtain estimates of cach of
the three types of labour required in each producing
sector. Comparison of these estimates of labour require-
ments with projections of skilled labour suppty or man-
power training plans will tell whether a given set of
output levels 15 feasible.

Supplies of other factors of production which may
introduce bottlenecks can be treated analogously. If an
economy has only a limited supply of, for instance, an
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Metaiworking Industries in the Structure of an Industrinlizing F.conomy

ore. or petroleum, which cannot be increased 1n the short ek
gun. then therr requirements can be computed as in the  cu
cuse of skilled faboar, and the teavbility of a given st

programme evafuated. Imports can sometimes fill the gap. ne
Capital cequirements should be treated in exactly the  fa
game w.ay o the short run Given suftiient tme, of tri

course. chlled tabows can be produced™ through ™
educaton and mdustrial ramimg programmes and st

capital goods can be manatactured. The role of metal- 1 -
workimg andustries i the imvestment process s con- w
wdered iy detnl Later on

A e s drawn around the industries i the metal- ek

working blov s tables 6 and 7 Nove that there are very It
tew sizeable entries heyond 26 (construciomy s the 125 fr
band o metalworking suppliers. Within the bloe,  at
however. there are strong elements of imterdependence. m
Betore gomg turther inte the relaton of metalworking
to o other sectors, let us survey the mternad struciure o bl
metehworking more carefully

C

R

INURNAL STRUC T RE OF TUE MTTATWORKING COMPLIY in
Sununing the transactions within the box ftable 61, ae w
observe that the total value of transactions among the  ac

metalworkers themselves s 2% per cent of their combined i
otal vutput. Thus, a far proportion of metalworking  of
activity s Utakig n cach other’s wash™ Makers of, for iz
mstance, engines and turbines. purchase bolts and nuts  ex
and stampings from other metalworkers and, i turn,
furnish marme engines 1o boat burlders Intra-industry
transacbions along the “diagonal™ may often consist of 8,
sales ol spectabized parts made in one establishment 0 me
assembling plants mcluded i the same indostry. Thus, 9
tor example. the very large volume of sales aong auto- 19
mobile establishments reflects the Umited States practice ¢h
ot decentralizing automobile assembly plants throuzhout  pe
the country. rel
Lable ¥ presents direct mmput-output coeticients for the da
metalworkmgsectorsalone tor the United States in 19582 ge
Mctalworkmg industries are spectally arranged 10 that  re
table to lighlight their internal organization: industnies o
which spectalize i components tor other metalworking — ch
mdustries are placed near the bottom of the table, and  cu
producers who specialize primanidy i fnad metal pro- af
ducts are located near the top. fir
Fmal metal products are divided mto three magor— pa
groups: tramsportation equipment (automobiles, arrcrafl, iy
ralroad equipment. cveles, e, electrival equipment
(cleancal transmission equipment. radio and television foy
sebso household  appliances,  ottice and compuung dif
machines) and non-clectrical equipment (adustrial pro-
cossing equipment, farm machimery. materials-handlmg
cytipmient. metalworking machinery, cto ) Industries g
ted near the top of cach hinal product group or “bloc™, mik
~uchias ollice. computing and accountng nuchmery . and
matenals-handbing macnmery, sell hle or nothing o are
other mictalworking sectors on current account Below e

el

™

them are Iisted sectors such as electromc components and - Jy
me

the

Cocthcients in tables 8 and 9 exclude some fichilious Csecondarn vt
produict” rransfers included in tables 2 and 7. [t

Sl A




1ss

lectric hghung and winng equpment, which provide
current anputs to electncal machinery producers at later
stages. or engmes and turbines, which produce compo-
nents tor imdostnat and transportation cyripment mana-
facturers The bottom rows of the tabte consist of indus-
tries which pertorm more general metalwog hing functhions
not spedialized o g particular hoal metal pmoduct:
stampers. mabkers of hall and roller beanngs. otv These
Foovide components for ol the later stages of metal-
workimg production

Note the bloc character of the electrical and non-
clectnical machinery sectors These blogs biny relatively
httle from cach other atthough both gronps purchase
from the “general mermediate”™ metadworkers detatled
at the bottom of the table | rmsportation equipment
manutactarers doonot torm a selt-contined bloc They
purchase trom both the clectncal and the nonelectneal
Plocs as well as trom cach other !

One should ot of courw, expedt melalworkmg
omplexes 10 be fullv developed i all economies.
Refatively tew metalworkimg acinines witl be represented
i the input-output table tor a developing ceonony, and
within cach mpntouput category the mix of sich
retivities will be very dnfcient The expansion, prolifera-
o and balancing of these activiies s an essential pat
o economic development T ven amony aghly industrial-
sed countries, speaalization patieros vany 1o somwe
Nent
Some vanations mothe dwoasion of tabour within the
talworking bloc appear from a comparison of tibles
<9 and 10 Table X shows the interdependence of
ctalworkmg sectors for the United States in 1955 Table
shows the same bind of prcture tor the 1 oanted States in
1947, Although we hnow that there were s dranutic
hanges inometalworking techngies ised duning the
rriod 1937 1955 the over-all protires e soomfar - the
clative dependence of cach of the sub-blocs on the others
loes not change sabstentiatihy and the importame ol
reneral imtermediate metatworkers in the over-atl preture
emains about the same This panadox of iapiut-output
oethoent stabihity i the face of knewn anstances of
hanging techmgues should not be surprising. New
utting techmgues. tor example, are mrodoced gradnally,
iffecting onbeavery saall pornon of actnal peration at
st Some guabtonse changes i the desien of com-
meals nuy nel be disermible moeams of the prowent
rdustry chisshcation

Fable 9 desanbes the Fapanese metalworking complex
or 1960 While the basic mdustual Cassibication s
tferent trom that of the T ontad States, it was possible

CThe spucnthzation patiorn obsorvabin the U aod Stk mput
satpul Lable forinctalaorhmg most he ierpecied i the hight of the
omentions of the mput-ompat adoconntng  Fhe ~atisti - dfe cofh
led for oo tabhshie nt amts and Clasadied n b ol i pomgal
i Ereots ot cach estabbishie s Comreon naet gk e Uy
ich as stamping, shoctmicnal work dic mab e aore work, Qi
e vt pertormed wotban o mians prodent oo aabizod oetal
porkimg cstabhnhuwnis. hot are oot oot ooy o the
0 L Proe et g tors i the mpat calpot secoant s b oarthos s,
hore soveral provosang stagos are tegraled v it an establishe
AL, Lo s DO CT appRar as transactions at all Fhas, tablc b and
he derived couthoents in table T deonot 10l e cxact s how nasch
ramping activite was aclually performed i the Eomited Sates
wonomy . bul only what stamping producty were purchased or sodd
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Tabie
INPLT-GLIPU T FOR

Current account inter industry

i Fen mutlum

I 2 I 4 5 & 7 8 0 11 12 13 14 18 e

Comstruction. urbun and industrial 1
Construction, rural 2
Electrical equipmemt 3} 2 1 22
Teamsport equipment 4 ?
Non-electrival equipment $ n 3} [ 1 6 0 i 7
Fron and stee! 6! 24 2 4 2 1 &
hron ore 7 $
Cement [} L) L]
Other metals v 9 3 4 1 ]
Other minerals w ] v ¢ )
Plantations 1]
Leather and leather ¢ vdugts 12 9 [ ] &% 4
Animal husbandry 13 Q 1] 1o
Food indusiries 14 2 % & &
Food grains [ " 0 42
o Cotton and other textiles 16 ® 18
- Jate textiles 17 | B ] [ ] | B ] k] 4
Other agrwulture 18 ™m 1 o
Chemucal ferulizers ] ] 3]
Gilass, wooden, and non-r tallic
mineral products », M ¥ 2 1 1 ® . 3 ] ¢
Foresry prodcts b4 &) ] I u ] ]
Muoto- transport n
Petrol:um products! 23 7 S D | e 0 o 1 s 1 ¥
Crude il b )
Rubber products 2 <] s @
Rubber 2
Chemicah b4) 3 4 S » L] 2 2w 7 & M
Railways b ]
Electricty » 2 1 4 & 0 ) t 1 0 1 6 & X2
Coal L ;] 0 0 Ion [ o 1 0 } 0 [ ]
Others k1] N T »® 14 i} 4 0 2 1t 6 L i 9 12
Imermediate sum Niew 77 72 9w 188 IR I 27 4 4 M4 119 171 W4 4 e
Value added VM MW 4S8 91 1w T2 1Y 4 168 47T 93) 27 MW 277
Margin M 251 1] $ 0 W [)) 7 4 | i e 11 M
Value of output 11200 416 126 201 M4 ey B ST 32 4% 196 189 TEW 121 W4 8OO
Notw  Flows urdder % mullon rapees are represerded by serer
- wdpastomvent for exaggerated indusinial ConuMPLIon shown 1 table
4 fnclusive of margin.
¢ Inchasive of others
4 B mmernduxtry tramsactions shown for rows 22 and 8 Subtotad for row 52 s therefors ios than subtotal for column M by 4436
¢ Ciroms value added

/ Iacludes RS 98 | crores of taves on petroleum produts

7 Inchudes RS 116 crores of tases on petroleum products

A 190 ¢ CHUF vabue of imports, exchading &S 13 6 crores of tsnes on petroleum grodure.
i Petrorh prady d at marke prices
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Tabl
INPUT-OUTPUT FOF

Current account inter

(Bithon
1 2 3 4 s 6 7 R 9 10 1 12 13 14 15

Agriculture, Foresry and Fisheries I 40 10 2 1% W 32 46 0 1 S0 s s 2 2 1
Coal, Petroleum and Natural Gas 2 0 3 pd b 6 1 11 0 2 25 258 X ] !
Metal and Other Mining 1 1 1 R 0 3 0 a o0 46 176
Food Prondu s and Tobacoo 4 128 527 6 0 | 0K 20 0 0
Textikes and Apparct ] 15 20 2 892 s 4 2 4 3 7 1 2 ] 16
Wood Products and Furmiture 6 7 pd 1 15 S 9% 16 I o 0 2 2 2 6 2
Pulp. Pupai . cic 7 4 1 1 28 8 2RO 120 0 0 0 2 6 h 12
Printing and Pubbshing 8 1 2 1 4 7 | -1 6 0 0 s | 2 10 R
Feather Producis 9 0 | 18 0 0 [ LI | 0 [}] 2
Rubber Produdts 10 b 1 0 7 1 0 0o o s ] )] 4 26
Cheminabs H 149 4 3 XS Mx 2| 19 15 2 26 468 7 11 26 36
Petroleum and Coal Produis 12 41 1 3 19 10 k! 7 0o 0 S 55 19 24 128 20
Ceramic. S10nc, and Clay Producis 13 4 0 0 R} 0 1 1 0 0 2 R 0 4 27 29
Primary Maials 14 R h 2 28 1 3 2 2 1 22 $ 15 2186 680
Machioory. except Transportation bguip. 1§ | 6 R} 3} 13 3 R} 4 0 2 R] ] kK 40 RIR
Transporiation 1 gupmem 16 14 I 0 1 0 1 0 0 I 2 12
Precision Insrunents 17 0 0 0 0 1 0 0 1 0 o 0 0 0 1 n
Miscellaneous Manafacaring I8 7 0 o0 R 4 3 0 P2 3 | | 0 1 kY
Construcnion 19 16 2 b 12 ] R} | 1 1 1 R 2 b} 10 8
Flectriony and Gus 20 6 17 6 17 24 6 3 2 00 k] 53 I n 66 25
Trade 21 4 4 3 145 W 20 1 1t 57 L - 71 68
Real | aaie 2 0 0 o 0 ] 0 0O 0 0 o 0o o0 0 0 1
Transporianion and Communication P} 26 L h 64 M9 20 1 4 48 15 34 67 66
Services 24 2% 6 3 48 i i1 9 12 | 3 52 s n R1 9
Unadisirhuied 2s 2 6 12 114 41 i1 10 19 i 6 4 M 13 9 11X
Intermediare ol 26| 1036 0 S2 2710 1795 S7T 807 216 45 162 10RO 36K 3092953 2096
Business Comumption baj 7 7 6 33 20 1y S 15 0 3 hp) 6 7 29 82
Wages am! Salaries 2% 224 107 Se X2 2851 10 6T KR 6 IS 149 16 91 RY T L
Profit et 161§ R B 176 IN4  5n 9 9 4 36 139 100 9| I8 4u)
Deprecianion K 20 2 13 47 47 11 24 8 1 s 91 21 22 100 69
Indircct Taves k) | 4% 6 4 s 12 7 4 200 1 20 123 7 13 S0
Subsidics L4 I nooa '] 0
Vahie Added 3 o203 1% 1 919 SIS 18R 159 173 12 R0 451 66 219 84S w12
Total Prodiction MO 230 061 3629 230 T6d 666 389 S6 242 1S3 634 S23 3798 3067

Note Liows under SO0 umlison yon aie iepresented by soin

to subdivide the complex into roughly the same general
bloc catcgories used in tables ¥ and 9. Note the resem-
blances between tne specialization patterns ol the two
countries. the relative paucity of above diagonil entries.
the relatnve self-sutlienay of blogs and the pronunence
of general nuermediate metadworking sectors. These
latter seem 10 be less naporant i Japan than in the
United States, winde tnmsacGons among establishments
within cacl ~ector seem 1o be relaively Luge. B not
clear whether this dillerence represents real diflerences m
specialization patierns of Japanese and United States
establishments or differences in ACCOUNTINE comentions,
(Perhaps the Japanese count planis making wire products

for houschold machines in the houschold machinery
rather than the wire products industry.)

General antermediate metalworkers sell the bulk of
their output s current inputs. They Turnish parts and
components to other metalworking sectors. Products ol
the later stages of merabworking, the so-called “final
metilworking™ products, are delivered 10 both metal-
working and  non-metalworking  sectors on capital
decount: they become part of the stocks of durihle goods
essential for modern industrial technology. Relerring
back to the naconal imput-output tble. table 1 or table 6.
we note that transactions between metalworkers and
other industrial sectors are really very small. Metal-
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4
JAPANESE FCONOMY, 1960

indusry transactions
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6 5 3 W1 2000 12 17 112
1S 1 1S W o+ 20 2 18 3 648
o4 15 12 0 Mo IS 18 es0
1 0 1 6 1 k1| f1 128 0 2315
13 3 0 0 1 37
9 10 4 0 0 1 6 11 163 .
e s 92 25 0 1 2009 41 194
5 02 4 Sy 13 50 0 12 2 26, 69
o 2 1 293 1 -1 0 0 s 11 477
le8 23 20 S24 4 13 2 R 57 3Rl
% 9 1 244 32 1 0 712 46, 1541
03 45 0 BN 0 113 3028 466
4 2 0 8 1 I 0 P 4 13
X 2 s W 0 100 1 20 25 168
5 1 Y2 M MM 16 6 0 293
137 1 3 6 5 2 ) 24 T 6 422
% 6 16 155 9 Y 0 M W N 971
0 o o 10 7 0 2 8 n
p} 5 X132 23 14 0 76 114 W 1010
26 9 12 49 4 166 ¥ 32 WY 107 10T
47 10 15 9 12 SO0 RY 0 9K
940 126 230 2177 320 577 93 SKO 107X 659 20654
15 S 6 40 12 200 1 45 191 146 NS
07 40 43 455 92 69 3 627 1766 6010
125 30 55 477 62 93 M4 242 90 71 6487
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workers supply important inputs only to other metal-
workers, and changes in final demand for sectors other
than metalworking have very little direct or indirect
impact on metalworking sectors. The characteristic
dependence of all sectors on the metalworking complex
becomes apparent only when the capital account is
considered.

REDUCED INP*T-OUTPUT TABLES

’ Bcin_g interested primaily in metal products, we should
!lke to ignore all the other sectors of ths economy except
in so far as they contribute to, and in turn depend upon

the growth of the metalworking complex in the frame-
work of an over-all developmental plon. We shall now
introduce an analyticat device that will permit us to
cenire all attention on a selected group of indistries, in
this case, the metalworking complex. with the issurince
that the requirements of all the other sectors of the
cconomy are automatically ken into accounc. In order
to explain the practical meaning of the analyacal (rims-
formation that leads to the construction of what we cull
the reduced input-output matrix of a natonal cconomy,
we will ask you to visualize a situation 10 which, for
trading purposes, all industries of a countary hive been
divided in two groups. The industnes belonging to
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group Lare ‘contracung industries, those i group 1 are
wWentilied as “subcontracting” industries,

Each contractuing industry covers it drect mput needs
for the pradocts of other group 1 omdustnies by diredt
purchases and cach group Hondusiry makes direat
purchases from other group 1 mdusiries However, the
products of group Honduostnies delnered (o gronp |
dustries are nanulactured on the hasis of speaat work
contracts. Under such a contract, the group L ordustry
placing an order with . group 1 industry provides the
latier with ts own products and adse the prodocts of all
other group L imdustries, i amounis required to bl the
particular order To beable to de so it must. of coure.
tirst purchase all these goods, from group T industoes
that manufaciure them. ons own aceout t The refation-
ship between a contracting. gronp Loand a subcontracting,
group 1L indusiry s thous analogous o the relattonship
between . tlor and his costomer who buyvs the cloth
himsedf and then brings 1t the tnler to be made o
J£osunt

In plannmg 1ts purchases from other sectors. each
group Lindustry has, under these condiions, to ke mto
acceunt not only 1ts own immedeite mput reguirements
bt also the iput reguirements of the group Hhmdustries
1o which it wilt have 10 deliner correct amounts ol the
prodocts of vartous gronp binduosties Gncluding. fre-
quently . it owin to be processed under contract bor
planning purposes. a group 1 oandustry might as well
acconnt lor the amounts of the product of group |
industries that 1t will have to supply e the group 1l
industries working for 10 as it they were clements of it
ownnput stracture. Thats exacty what s bemg donein
constracting g reduced mput-outpat table

The relatiosship of the reduced table to the orgmal
table from whict 15 s derved iy sinvlar to the relationship
of an abbreviated trun tinetable 1o the complete,
detmled  umetable which abso hstis the intermediate
stations. The subdivision of all the sectors of an economy
o groaps 1 and 11 must, of course, depend on the
specitic purpose ol the proposed analysis.

Using a reduced table for plannimg purposes. we can be
sure that o the input-output flows among the group |
industries shown in it are properly halanced, the bulance
between the outputs and inputs of all the other industries
omitted from it will also be secured. at least with respect
1o the supply and demand tor commodities and services
iassitied i group |

In the process of consolidation, the techmcal detanls of
which we will not deseribe here, the labour and the
capital coeflicients of each ol the selected principal
industries can also be transformed. that s, recomputed,
i such a way that these coeflicients will reflect not only
ity own lahour and capital requirements, but also the
capital and labour requirements of all the group Il
mdustries which deliver their products to it 1t s asf,
ander the imaginary contracts descnbed ahove, cach
group Lindustry provided the group Ul industries working
“for . not only with the inputs coming from all the
~different group | sectors, but also with all the capital and
“labour emplayed by the group 1 industries in filling their
contractual orders. Thus, the output levels of all the

m ot e

Il

primary industries as progeacd on the basis of reduced
mput-oatput tible will, 1t multiphied with the approprate
consohdated caprial ana Libour coethaents, acconnt not
onhe tor the capial and Libonr reguirenients ot these
group L industries, but also tor those of alf the group 1l
mdustries without whose support these cutput fevels could
not be aitamed

Fable 11 s o oreduced cocihicent table damved trom
table
and tevrous metads ave incladed an gronp Eoaod all other
industries are considered o be o eroup 1

Al the metabworking andusiries. constongiion,

Thus, wlele
table 7 has thieiv-cight cndogenous sectors table T has
onby wenivseven At ot the coctlicients v the twenty -
seven-order reduced table are cqual to o greater than the
corresponding coethaents i she ongmal thirts -cight-
order table Lor example. the coctlivient showimg fevrous
metal seputs e consiruction and mimsig cquipnient
trow 27 column 130 1S the ongmal table and 16
i the reduced tahle This s because the redneed tabie’s
coctharent icludes both ron and steel used directy jo
make construction and nnmmg cquipment ied ron and
steel used caredcthy and indirecty o nrke the prodiets
whicht construction machimers manubacturers porchase
from group I andustries: pit props for coal mines. steel
sheet for metal contamers used 1o package pant, repan
parts tor rubber and plasties producers” machimery nsed
the producuon of plastic partsand tvres, ete The last ive
rows ol both tables show Lubour (subdivided by skill
types) and ot capital reguirements on the orginal and
the reduced form hasis respectinely . Total capiad reganre-
ments for farm equpment i tible £ achde not only
capital goods used directly iy kg farm egupinein, it
also capital reguirements dor makimg pats used
nuinufactaonng farm eguipment

The reader will note that the diferences between
corresponding mput coethiaents™ m tabtes T and 7 are
very small mdeed. Muost ol the differences between
correspondig entries were snall enough to disappear
when the coetlicients were rounded (o two decimal
places. On the other hand. differences between corres-
ponding labour and capital coetlicients i the onginal
and reduced tables are sizeable. s feature bungs ond,
once agiin, the umgue position of metalworkmg imduas-
tries in relition to the rest of the economy - As wis pomted
out belore, metalworkers furnish only & very snedl pro-
portion ol their products 1o non-metalwaorkers on curret
account. Thus, as members of group L they are not
required to contrihute appreciable amounts of metal-
working products to thar subeontracting suppliers in
group 1L Direct purchases by metalworkers from other
metalworkers account Tor most of all cirrent account
metalworking  product  reguirements - the reduced
tahle, Metalworkers do hine o supply relausely lorge
amounts to group Thindustries on capital acconnt il the
latter zare to be able to Turnish requisite non-metalworking
mputs to group L indastries; but this v a quite chitferent
matter that will be taken up 1 the context of dynanie
input-output analysis. Similarly. under this new system ol
accounting. metalworking sectors are called upon to
supply labour not only Tor their own production but alvo
for the productian of all their inputs from group I
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Table
THIRTY-EIGHT SECTOR INPUT-OUTPLUT

Current account inter-
( Miliions of

Aircraft and parts 11 2414 17 9 15 18 1 2 1 2 9 2 s 22 5 % 6
Ships, trains, trailers, and

cycles 2 1 281 20 1 7 I 4 8 15 s 20 8 1 s 2
Motor vehicles and equipment 3 Rl SO 6798 28 8 I $3 10 7 45 41 6 6 L] 8
Office and computing machines 4 6 193 . . 7 1 13 1 4 1 I 1 46 3
Service industry machines s R 9 2 106 104 4 2 212 2 1 o 6 2
Household apphances 6 1Y . 14w 2 4 1 2 3 1 9 N 3
Radio, telkevision, and

communication cquipment 7| 344 6 119 2| 7 13w 7 s 90 . 23 2 A D A . 7]
Batteries, vrayv. and engine

electrica! cquipment R 46 s 32 1 . 1 2 57T 67 2 2 | s 19 9 3 6 I n
Electric lighting and

wiring cquipment 9 16 13 % 9 15 28 & ST 92 21 1) 1 3 2 1 1 6 12 86
Electronie components and

ACCESSOTIEN 10 76 ; 18 92 . . 1088 21 8 162 . 7 1 .. 102 140
Materials handling machinery

and equipment 1 5 16 s . 3 : . 4 12 17 Fo3 o 2
Special industry machinery

and cquipment 12 6 1 6 12 6 . 2 . . I 5 128 6 7 3 10 2 6 6
Construction, niming. and

oil-ickd machinery 13 R | 10 1 1 t 2 % 19 173 31 o1 8 2 6
Farm machinery and equip. 14 2 19 b7} 1 t 1 s 7 % 92 W 1 1 1
Engines and turbines 1$ 20 114 87 4 2 18 1 80 120 202 8 . 8
Machine shop products 16 126 13 147 § 2 4 6 12 4 317 10 14 3 66 107 1§ 26 9
Optical. ophthalmike and

photographic cquipment 17 d6 . [ . s 14 1 . [ s . . .. 86 20 3
Scienuific, controlling

instruments and clocks 18 197 5 100 ®B 29 1® 13 6 6 13 1 4 2 2 2 22 200 67
Flectrical apparatus and

motors 19 43 125 S0 82 200 149 100 36 78 88 S} 97 3% 15 3 5 21 120 3
Metalworking machmery

and equipment 200 26 19 257 2} T2 28 22 1Y 1517 S8 %2 44 31T M9 7 43 0%
General industial machinery

and equipment 2 13 S8 130 14 35 W § 26 3 3T 139 176 140 71 1S 20 45
Ha Jdware, plating, valves,

and wire products 22 179 823 13 059 119 72 7 40 36 23 42 40 17T 6 33 16 87 &3
Stamping, screw machine

products and bolts 0 248 1% 709 28 79 193 H2 ¥V e} 62 19 32 32 80 49 83 9 63 78
Heating. plumbing. and

strictnral metal producis 24 817 N 52 87 4 h] 113 27 4 6 13 4 IS
AWomotive repair services 28 2 3 81 2 I 11 1 | 4 3 3 | IRV | I 3
New and maintenance con-

struction; glass, stone and

clay praducts 26 77081 0 % 22 3 S5 16 82 108 S 14 19 16 16 M 47 U s
Primary aron and sigel

mining and manufactuning 27 4058 442 08 39 184 278 sh 47 1SS S 117 224 975 36T 24 127 9 67 299
Primary nonlerrous metal

mining and manufacturing 2% Yoo 68 261 42 104 1Y 117 164 122 N9 13 112 22 19 72123 42 141 36y
Mscellancous manutacturing

and service sectors b G0 6 I S92 4] (29 23 48 67 45 49 39 2 32 22 20 106 13
Chemvcals, plastins, rubber,

drugs, and prints W 119 101 R W 5% 066 112113 102 70 24 41 ST 97 16 4108 69 107
Lumber and wood products,

paper and paper prodicis 6% 141 [RE D | 0209 1Y %0 62 3 23 11 19 17 62 6 T
Tenttles anid leather goods 32 19 12 Yo 2 2 17 72 3} 4 9 3 s } S 3} 8 8
Fowd, tobacco and

metal vontamners u . . 1 . 3 24
Caal, petrolcum and utshities . W4 102 43 {71 11 19 27 28 12 16 M4 ¥ 28 34 26 20 29 12 18 %3
Radur and tekesiaion broad

CASURE ., CONUTHINIL SHIONS 1§ 6 10 47 9 3 1$ 20 5 6 ¥ 4 24 10 6 6 11 5 16 2
Transportation and

warchousing W 112 68 426 I8 W ST & 20 3 2R IV 28 44 40 27 1S 22 3 6l
Wholcsale and retai! trade 37 29 178 688 107 122 181 211 82 144 145 46 9T 109 100 59 49 S$S 133 155
Other business and

personal servies k1] 177 7R T4 9| VNS XM %4 67 I V7 79 87 100 65 S8 124 113 131
Totals 6OIX 2262 15972 93N 1477 2247 AT RIS 1211 1300 678 1386 1719 1509 1265 733 695 1748 2844

Note Hows dess than ¢ mulhon are represented he dots components mue oot add 10 total because of rounding
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tOR UNITED STATES ECONOMY, 1958
industry transactions only
i llarsy
Gross
domes-
1anal (1
20 21 22 23 24 25 26 27 28 29 30 k)| 32 3 k” ] 35 Yo v I8 demand  outpud
20 63 ) 6 12 1 1 32 18 19 2 7 163 68 1561 1418 126013
1 19 5 | 57 10 k] 18 6 15 2 9 . 23 n 5 3 13 70 278 L RAR
173 24 32 98 321131 9 37 15 140 2 6 | 58 16 88 208 2WM 133X 22816
. . i 2 3 | kY] 7 10 8 2 14 301 1321 2217
7 1 9 7 67 219 2 2 12 3 1 . 2 RN 149 1401 2249
7 13 9 54 266 2 4 36 4 L) L] 24 21 2600 1894
: 702 11 59 1 8 13 6 8 8 157 18 64 405 | 09| 600K
4 2 ! 118 20 50 8 2 ! Ly 2 4 73 4 4y 496 1534
2 4 18 15 17 33 95l 10 %6 16 14 30 6 26 8 7014 83 M 2287
| s 3 8 4 2 [} 2 2 2 1} L] 28 10 387 454 Q649
9 B 7 [} 8 281 2 [} 4 9 6 1 14 13 8 575 1081
M2 16 20D 6 24 2 32 13 102 65 9 b1} 15 1784 2509
7 2 19 1 24 268 k) ) 10 15 1 i» 28 29 W87 WOKS
6 8 7 4 W 3 pa) . 11 1 1 1 20 . 18 154 1748 AER L]
7 48 7 6 32 2 3 1 k! . . 17 81 ) I 1094 200
2N 19 14 3105 § 144 M 47 24 8 | 10 2 7 22 1 REY 187
1 1 2 1 | 2 1 pa) 18 53 3 6 93 K0S 1542
i KX B ] | 7 N 16} 23 s 4 55 9 4 15 § 2 26 42 447 16813 qur
. 99 193 25 15 91 6] St4 8S 40 ¥ 24 12 1 10 R Moon ar | e am
207 67 171 42 44 1 14 129 73 14 19 20 4 40 15 21 15 156 1878 629
118 257 54 3 9 303 60 WM b4} 14 23 3 16 86 14 29 12 146K 1744
7% 72 248 98 253 1141 1021 336 109 126 187 46} 9 180 411 3 4] 63 54 878 6440
97 42 129 100 155 13 126 94 12 58 n s 225 px) 15 44 28 Hl LTN T
14 & S7 29 150 6080 49 3 34 7 33 | 10 10 [} 98 24 Y28 Jois
2 R} 6 1713 313 7 6 8 27 10 15 398 59 17 821 826 47 6% 7911
1§ 48 52 35 89 245 7126 484 63 60 371 365 62 1561 716 301 1259 1005 697K SKIRT | RO2KS
277 400 1262 739 1920 2562 5181 208 308 305 240 6 92l 89 k1] 7 0 141 19900
106 106 439 241 587 1177 368 4021 328 251 88 5 64 N 49 16 Sl 170 10220
70 63 109 59 115 107 673 683 486 458 723 RO2 724 2256 A3 I8S 769 2060 27O} 67 11944
20 27 128 72 5T 342 2433 324 294 466 7204 1329 2168 2232 775 8 345 48R4 14%7 RO41 RER L)
T 2% 148 18 99 14 5136 123 56 1662 925 11660 462 1846 157 130 144 1222 6812 66190 ‘ X4y
4 7 21 7 13 36 29 18 29 340 690 419 13168 261 1 14 45 144 6hSK 16298 | 12678
1 . s 13 3 264 7 12246 728 1117 18028 2254 1V} 138 mY3 2451 780 ] 121838
4137 78 58 94 189 2074 1152 1310 54 1398 671 267 1849 16653 81 1692 2648 2284 17176 FURY
0 M 18 9 32 55 162 70 30 29 108 295 84 298 TS 148 271 1012 30xd 47 ILEY
. 2% 49 K6 57 193 74 2618 1007 214 2725 X34 1174 502 349Ss 1313 19 2106 396 47) 19342 112090
: 102 170 219 108 290 671 6702 701 338 675 916 1458 1133 4912 608 67 1004 1582 2767 69495, 95250
E
« 139 102 189 103 225 679 3827 538 265 1354 2048 1881 965 6460 2958 K34 2279 HITY4 20004 | 1303S T Ix9849
. 1768 2106 3627 2047 4932 4079 45472 11768 6888 11699 17138 22961 21532 79153 24797 1993 11896 24898 SO264 | 9TUA2T  wU2KIK
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Ajrcraft and par(s

Ships, trains, trailers, and cycles

Motor vchicles and equipment

Office and computing machines

Service industry machines

Household appliances

Radio, television, and communication egaipment

Batteries, x-ray, and engine clectrical equipment

Electric lighting and wiring squipment

Electronic components and accessories

Materials handbhng machimery and equipn-ent

Special industey machinery 2ud equipment

Construction, nunine, and oil-field machinery

Farm machinery and equipment

Engines anid curbines

Machine <hop products

Optical, ophthalmic, and photographic equipment

Scientitic, controlling mstruments, and clocks

Electrical apparatus and motors

Mectalworking machinery and equipment

General industriai machmery and equipment

Hardware, plating, valses, and wire prodies

Sampings, screw machine products, and bolts

Heating, plumbimg, and stroctaral meta! products

AMOMOUN ¢ IEpilil sersy ies

New and mamaenance construction, ghiss, stone, and
clay products

Prinmary iron and steel mining and manulacturing

Primary nonferrous metal miming and manufacturig

Miscellancons manulactunng and service sectors

Chemicals, plistios, rubber, drugs, and paints

Lumber and wood products: paper and paper products

Textiles and leather goads

Food, tobacco and metal containers

Coal, petroleum and uthities

Radio and television broadaastimg: communications

Transportation and warchousing

Wholcesale and retal trade

Other business and personal services

Total capital

Professional. techmical and clinwal workers,

Skilled workers

Senmui-skilled and unskilled workers

Total kabour

B R N A T N

26
27
X
2
0
M
32
KK}
M
KR}
l6
¥
8
A

B

C

D
F

Amne P. Carter and Wasmily W. Leontief

THIRTY-EIGHT SECTOR INPUT-OUTPUT

(Dollars per
| 2 3l 4 s 6 7 8 9 10 11 2 13 14
19 . 01 0l 0 .
.m . . . . . .
o 01 3 ..ol Kix} Ry o a2
. 05 .0
RN | 06 .01 . . .
03 0 01 05 . . .03 M .
.02 . . . 04 .03 . Ot
. .M 0l 01 o4 o4 0l .
.01 .04 A8 0t .06 . R
. 04 .ot
. 01 . 05 .
.0l 05 01 06 .01
.0 R 02 04
.0 . . o 0y 08
kil .0l 0l . 0 02
.02 . .01 03 0l . . R . . . .
.M L0 09 04 02 02 03 03 05 4 01 .0
RUGENY T B Y | I | .0 o 01 01 02 02 02 .02
Mmoo o0 01 02 0 .02 . .01 06 06 06
01 .02 .04 01 03 03 0l 02 o 02 02 o1 o
02 3 04 08 02 02 03 02 02 ol o .03
05 0202 . o1 0 02
o0 .0 KL 0 % SR ) NN § 1 N} ~ S} * BN ] BN 3 B4} |
O3 42 09 02 07 o8 01 0y 7T 02 11w s 1S
O 02 2 08 o 02 a1l 08 - oo ¢ o1 ol
O 02 00 03 01 01 02 02 02 03 4 02 o .ol
M0 4 0 02 08 02 07T 04 03 02 02 02 04
O 4 01 o0 02 02 4 01 02 02 01 BN |
M
o 01 ol Mmool 00 01 01 01 o1 o1 0t
. . . . . . . . . 1 . .
O 02 02 oo 02 o0 0o 0o o0,
0208 03 08 05 4 4 03 06 05 04 4 04 04
O 02 03 4 Y 10 03 o 03 04 03 03 03 04
0y 04 02 07 03 03 03 03 03 03 04 06 04 0.4
200 137 56 179 119 121 204 193 155 207 168 193 140 140
215 244 6.0 187 124 124 123 107 112 125 175 200 146 145
19.2 2000 149 234 157 167 339 3122 270 634 220 252 IX4 183
61.8 SR.6 264 600 300 412 666 632 SIR 67.6 564 646 470 267

Nate: Coellicients less than 005 are represented by dots; componenis may nol add Lo total because of rounding,
Labour rows B E are man vears per thousand Jdollars of output.
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T COEFFICIENTS FOR UNITED STATES ECONOMY, 1958
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industries. Comparison of the last rows in tables 11 and 7
shows that these amounts are far from trivial,

The transformation of the original input-output table
to reduced form also reguires. of course. an appropriate
comsalidation of the column contaimng the final bl of
goods. These deliveries 1o fmal users are recomputed in
the same way &~ the mputs to g group I mdustry - pur-
chases from sectors classiticd i group 1 are not showa
as such. Instead of that, the amount of the product of
cach ol the group Lindustries absorhed by all the group 11
industries (0 the production of thaer delivernies 1o tinal
users are added 1o the amounts of the same goods
directly purchased by the final users Thus the consoh-
dated final bl of goods will not show any purchases
from the chemical sectors, when chemicals iy classitied
as a group I mdusuy The hgore representing the
final delineries Trom the errous metals idistry will,
however, be atgmented by the amount of ferraus metahs
abworbed 10 the mamdacture of chenmaals actually
purchased by the fingd usais Thus, i ahe reduced,
compact mput table the bafinee between total supply and
the total demuand for the prodacts of all the group Lindus-
tries will be accounted for as fulhy as i the onigimal table,

Tablke 1215 a reduced mput-output flow table corres-
ponding to the thirty -eight-order low tible, table 6. Note
that the total output fesels for the twenty-seven industries
included 1n groap 1 are the same m hoth tables. Corres-
ponding final demand entnies for cach group Lindustry
are larger in table 12 thanin table 6 This s because tinal
demand for, sav, materabs-handhng equipment. in the
reduced table. ncludes not ool niatertals-handhing
equipment  directh purchased  for tbe expansion ol
industrial capacity bat also repair and namtenance parts
furmshed by the prodocers of thisegupment to the manu-
Tacturers of food. chemicals, textles, and other excluded
group Hatems m tmal demand.

By uving o compact nput-output table with the
corresponding complement of appropriately - enlarged
technical coetlicients, the planner can centre his attention
on a selected group of industries without worrying that
any particular decision concerming the levels of outputin
these industries may turn out o be abortive because of
unforeseen capital or labour shortages or insufhicient
supphies of materials, produced by these group 1 indus-
tries. in any other sectors

CAPLIAL vt N

Let us shift our attention. now, 1o the cconomy s capital
account. Table 13 is a capital stock matrix for the Umited
States economy i 1958 Fach eutry shows the value of
the stock of goods, produced by the industry identitied
on the left. held by the industry identitied at the top of
the table. While mput-output flow tables report actual
tramactions, sales amd purchases among industries over a
grven bme pertod (generally avear). the stock table presents
the insentory of buildimgs. machimes ainl alt other facilities
held by cach industry at a given point of time: Thus, a flow
table is analogous to the income account and a stock table
tv the physical assets i the capital account. They show
different aspects of the same productive provess.

Anne P. Carter and Wassily W, Leontie

Strictly speaking. all items which are reported as flaw
should also appear as stocks, perhaps in the Torm o
imentories: materials, goods n process, and finishe
goods. So-called “fixed capital goods™ are distinguishec
by their relative longevity  the sizes of their stocks will b
large refatine 1o their annual flows, Compared witl
imentories, a nachine or bailding tends to remain i the
stock for a retatively tong period of tunie - three, five
ten, even fifty years before 1t s replaced. Actually, the
stochs 10 table 3 do not include the relatively short-lived
inventory items, but only stocks of durable capital goods.

Table 13 has two outstanding features. First, notiee the
importance ol metatworking products in the stocks of
durable caputal.

More than 42 per cent of the economy’s capital origin-
ated m o metalworking industries. In contrast to the
current account picture shown in table 6, metalworking
stocks appear to be important across the entire table, that
iy vrtually all using industries. Second. note the pre-
ponderance of stocks held outside the manulacturing
sectors. While we are accustomed to thinking of steel.
automobiles and cement as the prototype ol capital
intensive industries, much larger actual volumes ol capital
goods are required in our networks of communication.
transportation and trade. This feature 15 important in
newly developing countries as well. In the United States
cconomy, these co-ordinating sectors are growing in
relative 'mportance, and so are their capital requirements.
Agricultural capital s also far fram negligible in the
general picture.

The rutio of stock appearing in cach cell to the annual
rate of output of the industry which uses 1t s called «
capitul coeticient. A table. or matnx, of capial co-
cthaients tells the value of the stocks of the various (v pes
of durable or capital goods required per umit of ouiput
tHere the notion ol capuacity output 1s important becaus
ol the possibihity ol idle capital goods.) Table 1418 ¢
matrix of fixed or durable) capital coefticients. To maky
the table less cumbersome. only  capital coelticients
greater than 008 are cited in the wable.

This simphfication tends once agam to emphasize the
concentration of capital ongmaung in a few metal
wotking sectors. Toval capital required per unit of capa
aty 15 given. for each sector at the bottom ol the table
These total capital coetlicients vary greatly from industr
o industry, particularly outside of manufacturing 4

ACCIMITATION OF RIQUIRED CAPITAL STOCKS

How do we relate stock requirements, described o
table 13 o interindustry flow requirements pictured 1
table 67 11 takes time to produce and accumulate stock

+Complete seis of capial coettivients, such as those aied in labl
14, are ~or set avadable Tor many coumnies. A sed was develope
tor the tndian cconomy on g tandy aggregated classificanion hasic
and sets of total capiat coctlicients (corresponding 10 the colum
sumy in tabl s 1) are avantable for several vears for Jupan. Roug
preliminany inlercomparison suggests That the Japanese capital ¢
cifivients are ol 1he same order of magnitude as those for 1t
Umited States. Those tor tndia appear 10 be roughly double o
L nied States ones. The source of the differences, real or statistica
has sttt 10 be studied in some detail,
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\etalworking Industries In the Structure of an Industrializing Economy )
Table 10
INTERNAL STRUCTURE OF METALWORKING ; JAPAN, 1960
Input-output coefficients including secondary transfers
(Yenporaen,
12 3 4 s 6 7 910 112 13 14 tS 16 17 1% 19 0 N 2
Shipbuilding 1
: Railroad equipment 2 04
5§ Motoreycles and bicycles 3 .20 A
= £ Miscellancous transporta-
'é‘é tion equipment 4 41
2+ Aircralt 5 Bl ) i
Motor vehicles 6 14 ; ¥
£ Houschold machines 7 o MI_J . T I
7 Houschold clectrical i !'
- appliances 8 A7 l | “ 01
2 Othee machines 9 07 |
Industrial machinery 10 - Ej g ! o -
‘ Muchinery and equipment ,
2o for general use 1 3 |
£ 3 Machine tools and metal K ‘
/ forming machines 12 14 i
Prime movers, boiter 13 | .12 14 18 21 o O
52 Optical instruments 14 : o w» A3 T - -
z g Watches and clocks 1s 02 | é A4
2% Precision machines 16 | .01 02 02{ 01 .02 .0l 04 A3
e . N N
Miscellancous batteries [
. and wiring devices 171 .02 01 07 01 07 04! 01 A8 0 25 o4 {11]
£ Heavy clectric machinery ; 7
= and apparatus 18 | .01 08 .03 03 0l o 1S
2 Metal products for : ‘
; construction 19 0l AV ] | ; 03
S Miscellancous metal ’
p products 20| .02 01 0l .0l 01 .01 .01 02 .0l Lot 02 .01 0
2 Ball and roller bearings and ;
othercommonparts 21 | 02 02 04 .07 02 02 04 02 16 05 04 .09 03 02 05 .03, 01 .4 M 02
Repair of automobiles 22 0l 7 01 .01 nl

Note Cocthicients less than D05 are excluded.

of capital goods. In the short run, therefore, the stock of
capital invested in, that is, possessed by, various produc-
mg sectors of the economy sets an upper limit on the
Now of outputs that they can produce. The capital co-
citicient table tells us what durable goods we must have
to produce any given set of outputs. Realistically, if
these capital gosds (largely metalworking products) are
not available, the projected levels of production cannot
take place. As time goes vn, a step-by-step accumulition
of domestically produced. or imported, capital increases
the productive capacities of an economy and, if these are

: properly balanced. permits it to increase its outpud and
- debveries to final demand.

b

Purchases of capital goods by the various industries are
not reported 1ina conventional mput-output table as
currentaccount transactions. but are relegated to a special
gross capital formation column in final demand (table
This column tells the total amounts ol office
" whinery, truecks and electrical transmission equipment

~plied to the whole economy in a given year. In the

absence of capital imports over the years, all additions
to equipment stocks must pass through the gross capital
formation account. The single gross capilal formation
column is a sum of additions to capital stock made by all
using industries. It combines new Iractors bought by
agriculture with those bought by mining and construction.
Given the detailed statrstuical iformation, one could
claborate this single capital formation column imtu a
complete matrix of many columns which would 1eH gross
additions of each kind of capital goods i cach indusiry
ina given year. Thus, we would distingush separately the
tractors bought by agricultnre and by construction, the
materials-handling equipment bought by food processing
and chemicals and automobiles, cte.

Fach element in the gross capital formation vector, or
mna capital Dow matnix, in turn combines two clements:
capital gouds 1o repliace or renew existing stocks, and
capital to expand productive capacity by net addition 1o
previously accumulated stocks. Ina highly imdustrialized
country, a relatively large proportion (perhaps 60 per
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Aircraft and parts

Ships, trains, trailers, and cycles

Motor vehicles and equipment

Office and computing machines

Service industry machines

Household appliances

Radio, television, and communication, equipment
Batteries, x-ruy, and engine clectrical equipment
Electric lighting and wiring equipment.

Electronic components and accessories

Materials handhing machinery and equipment
Special industry machinery and equipment
Construction, mining, and oil-licld machinery
Farm machinery and ¢quipnient

Engincs and 1urhines

Machine shop prodacts

Optical, ophihalmic, and photographic equipment
Scientific, controlling instruments, and clocks
Electrical apparatus and molors

Metalworking machinery and ¢quipmeni

General indusirial machinery and ¢quipment
Hardware, plating, valves, and wire products
Stampings. screw machine, producis, and bolts
Heating. plumhing, and struciural metal producis
AULOMOLIVE TEPAIT SCTVIVeS

New and maintenance construction, glass, stone., and clay products
Primary iron and steel mining and manufacturing
Toual capital

Professional, technical and clinical workers
Skilled workers

Semi-skilled and unskilled workers

Total labour

Notes: Labour rows B* 1* are man yoars mmuﬂmd‘w
Coefficients under (mauprmiy

cent in the United States) of annual capital goods
purchases is devoted to renewal or modernization, and
40 per cent to expansion. In developing countries, the
percentages for expansion will be much higher.

Table |5 gives rough estimates of the split of the gross
capital formation vector into a4 replacement and an
expansion portion for the United States in 1958, To
simplify the present exposition, 1t wilt be issumed that
replacemen? requirements are fixed. say. at approximately
the levels given in column two of table 15.° Beyond the
maintenance and replacement of exsting stocks, addi-
tional capital goods are required for the expanwion ol
capacity. Let us see how this second component of gross
capiial formation s determined.

If we begin 1n a sitwation of full utiization of capacity
in consumption  goods ndustries, additionat  capital
requirements will be proportional to the increase in
output levels in each industry. Suppose a change in
consumption demand calls for higher levels of output in

Anme P. Carter and Wassily W. Leontie

Tabl
“REDUCED"" INPUT-OUTPUT COFFFICIENT
{ Dollar. pe
1 2 3 4 5 6 7
] A9 0t ) Ot o1 . 0
2 . 07 . , .
k] 01 ot i} o
4 09 .
s , 08 0
6 ) 0 . ) 06 o .
7 0 . ol o £
8 02 . .
9 . . . . 04 o 2
10 .01 . . 04 . R
i . . . .
12 . . ot . . .
t) 0t . . . . .
14 ol
s . m . . . . .
16 ol . o . . . .
1?7 . . . .
I8 02 . . . o 8 £
19 . 0 . o2 - 04 y
20 on ot ot ol . ¥ ] £
21 01 02 o o 02 ]
2 o 0 04 o 03 ol ¢
pi] " Ot n ot 04 08
24 08 m m
25 . . . .
26 m m 0 Ki]] 02 m £
bas o0 12 o 0 07 o8 £
A 04 6 04 09 0.6 0.6 0
B* 0.8 et 152 XA M6 288 3
C* 10 279 81 2t 156 160 13
D* W W 26 7T 41 24 4l
Ee 729 %62 448 WS 651 TI.L 87

comsumer goods and supporting industries. Higher ou
put levels will be possible only if necessary addition:
capital stocks are also forthcoming. For each industr
the amounts of the different kinds of capital goods pe
unit of additional output are given by a column in th
capitat coefficient matnx. To produce an output §
mithon greater thap {958's, the food industry mu

S One can argue that roughly 1he same proportion of carital st
must be renewed cach vear Since capital stock requirements are.,
urn. proporbioned 10 oulput, one can then justify converting th
replacement capital flows to coethuents and adding them to tl
coetticients of the onginal Aow matrix. This procedure is obviously
gross oversimphtication, partularly f apphied 1in analyas of
highly industrialized economy. In many instances, it s ithicult
distnguish replacement from expansion expenditures, and the dev
lopment of ew technological allernatives makes replacement
matter of economic advaniage rather than pure 1echnical necessit
In developing countries. where a large proportion of equipment 15
revent origin, and new vapital goods are relatively difficult to obtar
it will generally be rational to restrict replacement 10 a mmimu
level close 10 that required by absolute technological necessiy.
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machinery, 2 - (.026) of motor vehicles, 2 - (.189) of
t-onstruction, and similarly prescribed amounts from
{ther metalworking sectors. These are the additions to
soapital stock which must be delivered, that is, included m
2 the gross capital formation column, if the given expansion
cogramme is to be possible. Thus, il we increase the
somsumption column in hinal demand. we must also add
-+ the caprtal formation column. But this latter addition
. final demand will itself generate lTurther output
1 reases.n turn, further additional capital requirements,
ol o oon,
As an Hhustration, column theee of wble 16 shows the
cunts ol addivonal caprital goods which must be
“Hied by the vanious sectors of the economy i order
pport a 20 per cent incresse i household con-
non. B obtained by multiplying the increase in
hold consumption, detailed in column one, by the
w o coeficient matnix. This gives total outputs

{ rcavire additional capital stocks of 2 - (.117) of farm
i

N
!
1
3

required on curremt account to deliver the speafied
increase in comsumption (column two), multiplying the
increase in total output levels for cach industry (column
twa) by the corresponding capstal coethaents, given in
table 14. The sum-tolals ol all capital requirements lrom
cach supplying sector are given i column three

Note that direct increases 1 houschold  demand
tcolumn one) and their indirect current account iImpact
tcolumn two) allect, primanly. non-metalworking sectors
{The only important exceptions to this occur an auto-
mobiles and other consumers’ durable sectors These
elements are usually much fess important dunng the
carly ctages ol indusirizl development ) The capital
impact (colwnn three), of course, s heaviest i metal-
working and construction,

The current consumption and capreal tormation vectors
in cina, demand are i factinterrelated through strimgemt
techinological requirements. In the absence of dlke
capacity, our mncrease in household consumption regured
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Awrcraft and parts

Shipw. trains, tratlers, and cycles
Motor velucles and equipment
Office and compuling machines
Service indusiry machines
Household apphances

Radio, television, and communicalion equipmen

Batterics, «-rav, and engaine electrical equipment

Flecirie highhing and wirning vquipment

Flectroni: componenis and accessories

Materials handling machinery aml equipment

Special indusiny machinery and cquipnenl

Constrachon, mining, and onl-netd machinery

Farm machineny and equipnmwend

Engines and jurbmes

Machine shop produscts

Optral, ophihalmic, and photographic equapment

Scientific, controlhing instruments and clocks

Flectrical appurstus and motors

Metalworking machinery and equipment

General indusirial machinery and cquipment

Hardware, planing. vialves. and wire products

Stampings. screw machine products. and bolis,

Heating, plumbing and structural metal products

AMOMOLIve repair wryices

New and mamienance construction, glass, stone, amd clay producis
Primary iron and sicel mining and manufacturing
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Table
“REDUCFD"™ INPUT-O1 TPHT TARLE FOR

Curren! account inter-indust
ry
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1U9 b4 I b 16 6 56 1 22
s 25 28 1 2 9 1 1 1 I
86 52 6804 2 pe 10 s s 2 2
7 1 S 194 | 2 9 1 t ot
9 Y 1" 106 108 ] 2 .
29 0 3 134 0 i} 4 1 3
48 b 125 2 X 4 4 ] 7T 9N
9 6 157 M 1 Al 4 9 6 3
21 14 01 10 16 30 71 9 9w N
T8 1 2 9 1 1 1089 2 X162
s 16 6 3 .
N A Is n 7 2 b ] 1 2
] 2 i4 2 2 2 1 2 1

1 19 26 1 t I 1 |
M 114 XY 4 | | 2 . .
29 14 151 6 Al b 7 14 h] 4
pi.} 1 6 1 I 7 t6 ] | 2
19 7 107 L] 29 6 7 7T 14
47 126 S6 82 M 152 101 LI T B )
pA 24 A Jed 22 X k3| 24 s 17
141 9 [RE) 18 6 40 10 27 ] 4
145 X6 XS0 16 64 127 R 13 ve
284 M| 700 26 K2 197 117 41 66 65
9 M 26 0 L s 6 2
2 10 N 4 6 7 n 3 § 5
110 73 86 20 16 70 K824 98 122
425 454 039 54 161 286 69 6 163 62
4840 1597 12831 879 1022 106 1620 470 686 116

Notr: Flows less than 300,000 are represented by a dot; components may not add to 1otal because of rounding

a total volume of capital formation almost as great as
the initial increase in final demand. Going one step
beyond table 16, we could shaw that the capital formation
in column three itselt requires additional capacity and
hence sull more capital in the metalworking and con-
struction industries.

Available capacity i the capitd goods industries limts
the rate at which consumer goods industries can expand.
Furthermore, the production and installation of new
capacity does not take place instantancously : there are
appreciable lags between the production of goods that
g0 wto the creahion of new productive capacities uand the
utilization of those leading to an increase in current
output flows,

TIMING OF INVESTMENT IN METALWORKING INDUSTRIES IN
A DEVELOPING FCONOMY

An increase in the rate of output in one or several
diffcrent sectors in any given year has to be preceded by a

sequence of investments properly distributed over a
number of preceding years.

It is the task of dynamic input-output analysis to de-
scribe direct and indirect intertemporal  dependence
among the levels of autput, investment. and employment
in all the different sectors of a growing economy. A
dynamic imput-output table, sinular in its structure to a
static one, can be constructed. in which all flows of
goods and services are identified not only in terms of their
sectoral ongin and destnation, but also in terms of the
ume, for example, the year. in which the particular
transaction that they describe took place. The tolal
autput, the final deliveries. and the lubour mputs of each
sector are entered on such a time-phased imput-output
table separately for cack year. bor purposes of develop-
mental plaunming. steel demanded and supplied in the
year 1966 hus to be distinguished from the steel demanded
and supphed in 1967. In a scnse. these are now different
goods. A dynamic input-output table describing the
development of a national economy, broken down, say,
into twenty sectors, over 4 period of ten years, would have




le

e
b s b

- bd

L T N N T - N "IN

N -Bad

>

i AR e il

A

taiworking Industries in the Structure of an industriniizing Econsmy 173
WTED STATES FCONaMY, {958
- insactions only
PFA
P12 14 15 16 17 1. 9 % 21 22 2 24 28 26 baj n GHO
(I B ] ) T R 6 2 % % 22 63 10 ] 1] 10 Y4 M| C2A 1) 12692
§ 9 16 6 2 6 t 6 2% 2 b i} ] k) 60 12 48 kY | LR Y L AL}
1] vy 44 4 97 ? 1 4 2 174 26 W AL AR 67 54 1919 I
1 +4 2 ] 1 1 47 4 1 | 3 i 4 4 W) ? 1866 2206
Yon 2 I ] 6 2 7 1 9 7 67 I m 4 1559 RAS L]
4 ] 9 ) 4 4 8 1 14 10 s6 2 s 1 2940 1594
28 i} ] ] 2 L} 4 58 2 9 6 3 6 [ 1OK 17 4788 w7
¥ 2 5 0 & 4 [ h] 15 2 5 7 3 6 1Y 37 ¥ [ 1] (K31
1 1 4 2 2 1 7 14 %) 1 5 20 17 n s 979 7 622 2286
I 7 1 : 1102 141 ] 2 6 4 10 1 Y6 S K62 i
oo 17 ] k! 1 2 Y b2 7 1 8 1 JRK 3 638 e
5 12 6 N LI [ X ] % 1l 26 9 1 3 4 s 1 mn AT
AF SR VIR A 12 8 6 1 3 X X 28 » 1 p4} 2 M1 47 Ny WOR4
s N 54 Y2 W ] 2 2 6 ¥ 7 4 1§ | ] A 2108 240
15 2 R 121 02 b} . ] N2 ? £ ] 6 n 1 2 R nn M
171l 14 17 67 JOR 2 pd} 12 hi 0 N 16 17 106 9 0S8 $4% [RE1Y
6 I I I ] L1 M 5 I 2 1 1 3y 1 17 7 1298 1542
I s L} 4 hi T2y 2m 69 4 24 24 N 74 i) 382 14 mye W7
19K 18 16 9 9 122 WS 10 194 R 18 97 ] 49 1 AR 101
iIx 60 53 45 W8 W ¥ 45 68 2w oR 177 46 S 1 49 1IN 1843 162K
BRI T I I SN < Y I N ' 1 o FT S I U IR Y 57 5 97 ] 11 oY 16ds 1741
25 36 41 20 9 Ly 20 65 56 RO 77 368 7 21 128 1237 I8 ML 319
M4 n ] B R B N 67 NS 10 45 1w s a7 4 99 144 RO TRTY
[ R N 6 1 1 5 16 K 70 % MEOIS2 2 6le? 54 [[E LTIR¥ ]
2 7 6 6 3 4 4 6 10 6 X 16 9 N 513 SX HhysH 912
it 2K 2 W 26 43y 6} 46 L s2 ) Y3 ST 118 1Y TR6X 6d6 T RUIRS
120 231 479 AT %12 14 79 130 X4 40T 186 TSV lygy 12 2760 823 1%421 1990
SO 946 1340 1102 9XY 485 284 1089 1875 1277 1847 2382 1118 1968 2082 238317 TIR? 187114 216449
00 (20 10) rows and 200 columns. The final deliveries  changes in the final deliveries on current interindustrial

~f each type of goods, to consumption and exports, as
well as the imports (entered as negative figures), will be
atered 10 such a table in the form of a dated il of

wids showing the deliveries from cuch sector separateh

1 euach year.

Investment, re., additions to the stock of capital goods
“oductively employed 1n various sectors, can now he
Silted out of the externally prescnibed column of final
~mand into the main body of the input-output table
wsenibing interindustnial transactions. A rise in output
Loany  given year requires creation ol appropriate
"oductive capacities, 1e.. addinonal mvestment, in the
receding years. If the magnitudes of the appropriate
iptal coeflicients are known, the direct and indirect
nhages between the final deliveries of one year and the
'rresponding input and cutput changes. some of them
harged to the capital account, in the preceding years,
4n be computed through inversion of a dynamic input-
alput matrix, just as the direct and indirect effects of

transactions can be determined through inversion of &
ordinary static input-owtput nuiry

because, as we have seen betore, the prodncts of the
metalworkbing mdustries ire used mamndy tor mvestment
purposes. a proper inlegrat.on o e ontput mio an
over-afl developmental plan dopeand . 1o a0 very large
cxtent on proper biming. Fo sllustrate “he use of dynamie
mmput-output computations tor this purpose. we have
constructed and solved o dyvnamic riput-caiput system,

The flow, capual and Libour coctfi sents mcorporated in
that dy nanue malric as i some of our previous cxamptes,
are those of Umited States industries tor 195K The prodht
mixes 1n the houschold consumption, the exportand the
import vectors used 1o these computitions are based on
Indian input-output studies They seem 1o represent fairly
well the structure of tinal demand which prevadsan a
developing cconomy. New produciive capacities created
from the output of one year are assumed to be put into
operation 1n the following year.
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Table

STOCKS OF CAPITAL GOODS IN

(Afitlions o
f 2 3 4 3 6 7 8 9 10 11 12 13 M4 15 16 17 18
Adrcraft and parts 1
Ships, trains, tradders, and cycles 2 : . . . ) L : L
Motor vehules and equipment 3 I 2 9i Y9 10 13 6 4 2 8 21 2T 4 9 9 6
Office and computing machines 4 i6 9 28 s 2 6 & 2 31 4 2 6 7T 4 3 4 9 9
Service industry machines s 4 2 6 2 1 !y 2 2 b I I I Y |
Household appliances 6 2 X
Radie, television, and communwation
equipment ? 3 2 7 | I | 2 I 1 L T 1t 1 1 & 1
Batteries, x-rav. and engine dedingal
equipr ent N 1 1 6 | . 2 . . f LI S I NS BN
Flevtric lighting and winng equipment 9 1 7N 4 3 4 7 2 2 13 2 b $ 4 ) 4 4 4
Electronic components and accessories 10
Materials handhing machinery and
equipment PP 232 88 o490 95 65 90 143 S1 S3 S8 22 S 65 48 12 5) &1 42
Special industry machinery and cqimpment |2 4 8 W 4 3 4 17 3 32 1 2 7T 518 6126124
Construction. mining, and orl-lield mach. 13 | | 2 1 . s
Farm machiners and equipment 14
Engines and turhines s 6 6 3 4 1 % 2 4 4 6 3 3 6 2
Machive shop products Y
Optical, ophthalimic and photograph
equipment 17 3 | s ! ] f 1 i P 2 5
Scientific, covrothing insiruments, and
chocks » 19 12 44 6 3 6 17 2 4 7 2 6 7 6 6 4 B8 24
Electrical apparatus and motors 19 [ 98 S8 280 43 21 42 166 43 22 55 12 &> 44 IS (8 3% 28 28
Metalworking machimers and cquipmiens 2001 638 415 1582 219 162 194 33 6% 48 22 L4 R4 150 248 171 301 SO 74
General industrial madhinery and eqnp 21 19 X1 W9 87 W S5¢ 73 25 26 1S 17 S} 55 40 23 M 48 %2
Hardware. plating. valves, and
wire products n RATEEEN b I, 9/ Y 4 9 17 4 5§ ¥ 3 0 1 8 S 6 9 1}
Stampings. sorew machine products, and
boits n 12 T s 1 4 7 2 2 v 2 6 6 4 3 4 4 4
Heating. plumbing, and struciural metal
products 24 4 SV 269 29 11 %2 45 41 21 22 K 2 32 W 2 14 2 2
Atomolive repair serviees 28
New and maintenance constrin ion
ghass. stone. clav production d6 | TONK 613 229% 176 201 382 S72 172 213 260 130 487 490 322 243 304 288 381
Primary iron and stee] mining and
manufacturing 27 27 1l 4 7 3 6 13 3} 4 6 2 7 8 6 4 4 7 9
Primary nonferrous metal mining and
Miscetlaneous manulacturing and
®IVIKE sectors b LD A 11 f 2 1 2 2 1 1t 1t
Chemicals, plastics, rubber. drogs, and
pamnts w|] 4 4 ¥ %Y ¥y 5 5 3 3 ¥ 2 T & S5 1V & 4 &
Lumber and woed prodicts;
paper and par producis ] TV 1M 25 1325 3 8 1 1B 9 3 3 20 16 19 18 M4
Testibes and leather goods 32
Food, tobacco, and metal contamers (3] . . . ..
Coul. petroleum, and anihies W T4 06 2 1 2 4 1y 20 L] y 2 2 2 2 2
Radio, televivion broadaasting amd
Communialions s I I 1 ‘ | I
TFransportation and warchousing M 4 X 06 1T 10 17 26 8 10 11 6 22 2 15 11 1S 13 1S
Whodesale and retal trade R}
Other business amd personal servives ML 0 T DI 6K TI4 IR0 36 66 TR 42 IS0 149 104 7S 102 92 106
Totah T [ 2915 1739 7139 1058 630 1021 1607 $12 S84 689 192 1388 1389 983 674 938 827 93¢

o
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Table

FIXED CAPITAL COEFFICIENTS FOR

CDaltlars per dollar

Aireraft and parts |
Ships, trains, trailers and cycles 2 . . . .
Motor vehicles and equipment 3 o1 01 01 0
Office and computing machines 4 ‘
Service industry machines s -
Household appliances 6 i
Radio. television, and communnication equipment 7
Batteries, x-ray, and engine clectricat eqipment b] . ;
Flectric lighting and wiring equipment 9 §
Flectronmic components and sccessories 10 !
3 Matcrials handling muchinery and equipment 11 062 02 02 05 0 02 62 0 02 02 02 M 02 02
; Special industry machimery and equipment 12 01 . . . . 82 0 o1 @ . o |
Construction, mining, and ail-ficld machinery 13 g
Farm machiners und equipment 14 !
Engines and wtirbines s .
Machinc shop praducts 16 |
Optical, ophthalnie, and photographic equipment 17 .
Scientific, controlling mstraments. and clocks ¥ . . . . . . . . . . . . . Lo
Flectrical apparatus and motors 19 o o 08 02 1 01 02 02 01 02 of 02 01 01
Mctalworking machiners and cqiipment 20 04 08 04 11 07 04 01 03 03 01 10 14 9 08
General indistial machinery and cqinpment M| 01 02 01 08 of 01 01 ol 01 01 ot 02 o1 o
Hardware, plating, vabes, and wire products 22
Stampings, sarew machime products and bolts 2 . . . . . . . . . . . . . .
Heating, plumbing. and structural metal products A O .00 00 .00 o ot ol o1t 01 01 01 01 01 0l
AULOMOLIVG FEPll sy Ives 28
New and nunmtemance construction. glass, stone, and
cday products 26 07 12 06 19 08 W 07T 09 08 09 .11 17 13 W
Primary yron and steel mimimg and mannfacturing Ay
Primary nonferrons metal numing and nanulacuring 28 . . . . . . . . . . . .
Miscellancous mannfactirmg and service sectors ) . . .0t . . . . . . .o .
Chemicals, plastics, rubber, drugs, and paints 10 X
Lumber and wood products: paper and paper
producis k]| 01 .o ) B i B . . BN £ S £ S s N /4
Textiles and leather goods 32
Food, tobacco, and metal containers n .
Coal, petroleum and atilities RY ) .
Radio. TV broaduasting .and communications s . . . . . . . . . . . . .
Transportation and warchousing 36 G .ol . . . . . N £ N | B ¢ |
Wholesale and retail trade k1
Other business and personal services 8 02 .04 02 06 03 03 02 03 02 03 04 05 04 .03
Totals T 20 33 19 85 26 24 021 027 22 024 M 49 36 .30

Noter Covthcents less than (XIS are represemted by dots: components may not add 1o totul because of rounding.
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The imverse of the dyamic matnx is essentially
wmilar 1o the inverse of a swatic input-output matnix. it
descnibes the changes in the vutput of each industry
required. directy andindirectly. 1o dehiver one additiona!
unit (for example. S nulhion worth in hved base vear
prcest of the output ol am o ginven industry Lo tnal
demand 1n 4 dynamic svstem. that change cannot. how
ever. be described by single higare Tt consisty of a whole
ramn of suecessine changes in the ouiput of the mdustry
in question. distributed over a number ofvears preceding
the year in which the hinal debvery is actially 1o he made
The sequence ol hgures shown below represents. for
exampie, a single clement of a dynamic imerse shows

Yeur % . -

Change 10 ontput noat o oot

the successive changes 1n the output of the awo, wreralt
and intermediate metalworking indistries, distributed
over the preceding mne-year penod. that would be
required, directly and indirectly, in order to enable the
national economy to deliver an addimonul dollar’s worth
of products of 1the electrical equipment and instruments

IELIR

Anne P. Carter and Wassih W . | eantief
industry 1o final demand in the Lt year e, the vear 0
Theoretically. the chain stretches backward over an
mfimte number of vears. Hs carher members, however,
are so small that Tor alt pracucal purposes they can sately
he negledted
The farge negative cutry i the lastyear ve the year
i which the delivery to final demand v actuathy made.
regquires explanation 1t reflecis an abrupt reduction m
the utthzagon of previoushy accumulated productive
capacities that would become adle as ~soen s the hnal
delnvery has been made  Actually, an inerease in the
tinal delivery of electrnical equipment and it uments in
year 0 v most hkelv 1o be followed by an cqual, or

& 4 ¢ ) 1 0

ane 00fY on2a pise il (1 OKS

possibly even o greater inerease. projected or planned
for the Tollowag year. ve. for year | The effects on
the industry (n question of these two elements of a given
dynamic. that s, ume-phased. il of goods should be
supernimposed. They are described. in this instance, by a
summation of the two series,

Your ] 2 t < 4 i 2 { 1] )
Change in 00l 000l 0003 o OPREY 006 00se 011 O DhS
oulput 0001 0001 Qo0 0006 ODHEY D026 A%k i 0.16S
Total GO0l 0002 D004 OO GOER DI NORY (16T 1) (O HOss
Tuble 15

EXPENDITURES ON HIXFD C APLTAL FQEIPMENI (X1 DING CONSTRECTHON}
FOR REPLACEMENT AND FXPANSION OF CAPACILY. ULS. FCONUMY, 195%

i Milhons

Cupitisl producing vei tors

Kk‘craﬁ and pa;h-

Ships, trains, fratlers and cycles

Motor vehicles and eqaipment
Office and computing machines
Service industry machines
Houschold apphiances

Radio. televinion and communication equipment

Batteries. v-ray. and engine clectnical equipment
Electric fighning and wiring cquipment
Flectronic components and accessories .
Materiats handhing machimery and cquipment
Special industry machinery and equpment
Construction, mnmg and otlficld machinery
Farm machiners and cquipnwent
Fagines and warbines

Optical. ophthahow and photographic equipment. ..

Scientitic. controlling vistruments, and Clocks
Fiecincal apparatus and motors

Metalworking machiner and cquipoent
General industrial maciimnery and cquipment
Hardware, plating. vabves and wire products
Heating, plumbing, strocturat metal producs
Mascellancous manufacturnmg and senve sedtors
Chemicals, plastios, tubher. drugs amd pamis

Lumber aind swood products paper amd paper producty

Textiles and feather goods
Food. tobacco and metal vonlnmers .

Radio and icleyivion broadedasing, communications

Transportahion and warchousing
Trade and srviees

of dollars)
Foxponditires § xpondrturey
Toral tor teer
fived caperal  replacement dand ¢ ¥ pen st
expendiures ke rivs Al o of « i ity

W 1 L
........ 178 Yt Pt
........ 1,561 LX) Su
1.7 79 (3]
e 980 74 672
9 B J 4%
....... 1,006 9 77
LA 4 i
........ 25 9 16
....... n 02 18
....... 150 197 N R
....... 1.467 Likg L]
........ 1.3t6 618 (2
..... 1.67% §. 106 be 1)
........ 576 2in W)
161 » 2
....... W 176 54
;;;;; 1,618 542 1,066
1182 673 A
1.U5 S S8
166 ™ X
b LI R LL 2]
LS L L &3
hi) t? L
YW s L8]
" 17 1
10 4 ]
02 72 250
7 233 M4
1744 1.73 2ARm
Total 258% 1V 7% 12.000




Vietaiwerking lndustries in the Structure of an lndustristizing F.conomy e

Table 16

DIRFCT AND INDIRVCE OIS OF A HYPOTHETIC ST 20 PER CENT INCRFASE
IN PRIVATL CONSEMPLION EXPENIMLE RES ON INDY STRIAL
DUTPEUTS AND GROSS DINED CAPEILAY REQE IREMEN TS, UINITRD Stvies 954

CAfd o o dhodlar o

Vdedi tissnad
v m owetpnt i giire
o mpon an
caponditiores CHPTCHE ey e g

Y dedi 2 omal
Cupibed
rogseirs of b
prewhice |

Prowmpisc ing sor dors y i 4
1. Adrcrafi and pants b 108 o]
2. Ships, trains, traiders and udes ................... 145 238 428
1. Mator vehicles and equipment ... ). 840 M 1162
4. Office and computing machines ... L 12 110 495
§ Servwe apphances . o 49 4 446
6. Houschold apphances ... .. o 481 46 po}
7. Radwo, televivion and communnation gqmpmcm e m 401 (RS )
% Batterwos. x-ray, amd engine eledina] equipment 52 17 4
9. Flectnic Lighting and winng cquipment . o 61 189 Jw
10, Flectronn components and accessories A L1 194 1
1. Materials handbng machinery and cquipment . 3] Ie b IRy
12, Spevial indusiey machineny and equipment L 4 74 2. 760
13, Construction, minmng and oilbickd machineny R ] hb Teh
14 Farm machinery and cquipnwnt o 2 7 247
15, Engines and torbines 0L S 24 96 2
6. Machine shop products . Q@ [{H] v
17, Optual, ophthatmic and photographie gqulpmem % 193 Wi
18. Soentifiv, controlling mstrumenis, clocks o L b4 ] 08
19. Blectrical apparatos and motors . 3 174 V76
20, Metalworking machinery and equipnient . . 6 14% 1.942
21, General industrigl machinery and equipment o 0 1% L)
22. Hardware plating, vabes and wire produwts 76 82 13
2V, Stampings. wrow machinery producls and holts . 5 s Ii6
24, Heating. plumbing, stractural mtal products .. 14 b 1} 1.9
25 ABOMONIVE FEPaIr sorviees RR7 1337 0
36, New and manicndnoe consiruciion | glass, stone. clay n 271 b AR
27, Primary tron and steel miming and manotadiuning 4 .40 LiN |
2. Primany non-ferrous metal miming and manufacturing 2 724 2%
290, Mirwelaneous manufactuning and serice seaors 1278 1L We 141
3. Chemuals, plastios. rubber drugs and pasnts (R 4.1%9 Y3
3. Lumber and wood produchon papot and paper
produd tion : 1,208 so7a .0
32, Textes and leather goods o 1,268 6176 87
IV Food. toha oo and metal contamers . 10.966 12768 )]
M. Coal, petrolcum and utihnes L6 RR. 42
¥ Radio and twleyvision broadoasting, u»mmum\atums 782 1.643 ]
3. Fransporiation and warchousng o §.7%2 4,222 hRL
37 Wholesake and retad trade o 1243 15368 o
. Other businass and pesonal senvices 17. %68 26624 2.me

Towal  S733%2 112.697 §1.668

Nob € bl comenent it Bob coiiesporid fo Lotals due o oumding

The productive capacities butlt up for the delivery of
an addittonal dollar’s worth ot elecincal equipment and
nstruments in year U are not set Iree as they were in the
pevtons evample Instead, they are utihzed 10 1l addi-

years 2, 3 and so on will obvionsly postpone the
final hiquidanon of e capaaues indehmitely,

The combined total cllects, on the output fevels of 4
purlu‘uhu‘ industry. ol any gneen sequence of tinal

Donal Capacity TeguIrem IS Serving Hhe nextsedr's needs
The suni-tatal of two superiposed trans of sddimonal
siputs of o~ arcralt ana mtermedate metalworkers
Contnbuted ddirecthy and andirectivy by that imdustey Lo
fral delineny of one dollars worth of chectronig Ci i
aet and anstruments i sear D oand another dollars
crth ool clechionse equipment and imsiruments 0 vear
§aow turns oul to be positne i year O True it becomes
caative an the year L However, the requirer ents
nerated My subsequent debivernies (o hinal dema wWd in

detiveres phanned or projected over o pumber of vears,
cah thus he compated by sumpung the property weighted
clements ol the dvianic imverse vear by yoar

The tiverse, that s vhe generabizod numiersoad solution
ob the dyvaannie sssiem dosribed above s eproduced i
tull in tabke 17 Fach one ol s closgaied rectangdar eells
frolds nine hgures, represanting a segucie of pine annual
change~ in the outpat fevel of the industry named on the
left of the row. These Changes represent the required

direct and indirect contributions of that indusiry to the
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defivery by the industry listed at the head of the corres-
ponding column of one additonal umit of its respective
output to final demand in the last year, year 0.

As In mont other mput-output computations. the unit
i terms of which the output of cach sector 1y measured
tunless speatlicd otherwise) s a dollar’s worth i bawe
year prices Base sear prices are the prices i terms of
which we compiled the basic sets of rechmical cocthaents
that went mto the constructton of the dvnamic input-
output swwlem Wherever some of the cocthaents. for
example. the labour cocthaents or the clectre energy
consumption voethaents, are deseribed in physical unis
such as mun-vears or kilowatt-hours, the correspondimg
output and input levels 10 the imverse of the dynamie
matrix will be expressed o such unis 1oo Inadentally,
there exints no ohjection to the simultaneous ise of base
yeur price measures 1n some parts of the system and

Aame P. Carter and Waswsihy W, Leontiel

we have to compute o properly weighted inverage
of the corresponding clements of the dvnanue in-
verse.

The fimal results o such o computation are sum-
marteed i table 1% T shows how an additional com-
postte unit (v an addinional dollin™s worthan base year
prices) of houschold consumption. of exports. or of
imports. would affect the production programmes of the
thice metalworkimg sectors, of the ferrous metads and
of the comtructton mndustries over the nine-vear stretch
at the end of which the final deliveries are actualiy to be
made  The product mixes ascribed to the household
consumption bundle. the export bundle. and the import
pundie are based on the projecied composition of these
three vectors for India i 1970

Al sequences of output changes can be ol course
transhited mto corresponding nime-vear sequences of

direct physical measures in others. changes m amestment and  employment. These are
Tahle 17
DyNaMic 1INV ERSE
Final demand. n year ). Tor products of industry
} 2 3 ! b
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] Rasdeoud, tarm . and comtruchon equipment 2 Autos, arraratt, and intermediate metalworkers 3 b lectrnal cqmpment and mnstruments
Al forrous nwtalks

4 Comstractuon
Faonh emrs tebs the
@ veir 0 od the mdosto designated by number at the Top

The total annual final bill of goods progected or planned
for a particular national economy v wually desenbed
in terms of several ditfferent bundles of goods destined 1o
satify different kinds of final demand. For purposes of
present analysis we disunguish three such hundies. One,
by far the largest. consists of the combination of goeds
and services absorbed 1n private household eonsumption
another 1s destined Tor export. and the third represents
imports. To determme the direct and indirect effects of
a change 10 the level of houschold conumption or of
exports and imports, anoany given year. on the time-
phased production progiamme ot a parucular mdustry,
we have only to add together the separate effects of the
final delivertes from each mdustry that make up that
particular bundle of hnal demand  In other words,

Sutput 1 4 given seat of the mdusts designated b numbe at the bett fsee hey v mdustes

abover requited per dollar inctease 10 tinal debiveres

entered 1n table 18, too. In interprening these investment
and employment figures, i1 1s important to remember
that the entire computation » based on a reduced input
matrix in which only the five histed industrics were in-
cluded in group I, all others being treated as belonging
to group . Hence. the capital and the labour figures
shown lor each of the five selected industries satisfy not
only 1ty own requirements. hut abso requirements of
capital and fabour for group I industnes supplying
imtermediate inputs to ot

Finally. we wish to show how the elements of the
dynamic inverse are used as huilding blocks in the
construction of 4 developmental plan for metalworking
industries. In actual planning. we must sum all the direct
and ndirect requirements for metalworking outputs
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generated by the whole chain of annual final bills of goods
spectfied over the entire streteh of time covered by a
particular over-alt projection. Because of the retroactive
effects of each annual bill of goods, the given projection
of the final demand must be extended for a number of
vears beyond the kast year of the period of time covered
by the detaded programme of sectoral production, in-
vestment. and employment.

Table 19 presents such o hypothetical production pro-
gramme and imvestment progranine for the three metal-
working industrics covering a tme span of ten years,

The sequence of annual detivenies 1o final demand that
these production programmes are intended to serve was
progected for cight years beyond the fast year covered by
the detalled sectoral programmes. Bt s described in
terms of levels of houschold consumption. of exports,
and of imports given for the first year and growing at
three constant, but different prescribed rates for the years
that follow. For the first year, the relative magnitudes of

18]

the total levels of houschold consumption, of exports,
and of imports are set at 20.0: 1.0: 1.5 (which implics
an aggregate final demand or gross national product of
200 - LO 1S 195 The excess of imports above
exports imphies foreign aid or private capitat inflow.
Consumption s assumed 1o expand at an annual e of
4 per cent and exports and imports at the e of 3 per
cent,

The time-phased direct and mdirect ontpant require-
ments corresponding to one unit of annual final deliseries
of cach kind are shown i table K. Changes in the annual
levels of each one of the three components of tinal demand
and the corresponding growth in the ontput fesel of
cach one of the three metalworking industries are shown
in table 19. Total mvestment and employment in cach
sector is shown for cach year, too, The projected growth
curves of the three components of tinal demand extend
beyond the last year for which the sectoral production
programmes were actually computed. While these later

|1 Household consumption

18_

Exports

-
—
T

:

I : autos, aircraft, and

—— Capltal: intermediate metaiworiers

e

Labour electrical equipment

c»‘tl': and instruments

] uw: w. 'lfm. .M

’/,‘__--————“ /c.p.m; construction equipment
IS
v ] ,__.__4/
Years't 2 3 4 5 6 7 8 9 10 Source: Table 18
Figure 1

RELATIVE RATES OF GROWTH OF CONSUMPTION, EXPORTS, IMPORTS AND
OF LABOUR AND CAPITAL IN THREE METALWORKING INDUSTRIES
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Table
ANNUAL SEQUENCES OF INDUSTRIAL ULIPUL, 1ABOLR

IN SELFCTED FINAL DEMAND

Priviale consumption

Year of output: ] 7 6 b 4

32,5 g Ouiput” 00010002 0005 0010 0023
Z2%3 fabour” 0086 0201 0429 0910 1977
S5 423 Capual 0001 0002 0y 0007 001s

< 7T '

-

£ 'é__'.s 5 Ouipal O00% 001K 003’ 00RO 0169
SS5Egf  lLabow 063 1340 RS0 6030 1 2XUl
45g€ 3z Capital 0005 001 0023 00ST Ul0R

£E

-z £
35_5 Outpw 00030006 0012 0025 0S2
EEBE Labour 02240474 1000 2121 4510
237E Capital 0002 000% 0007 0015 00W
- T &
. . “‘i

 E Outpui 0007 0015 0031 0067 0141
g7 Labour 0312 0660 1400 2975 6271
v § Capital 0006 0012 0028 0084 0D}
L Ouipul 00020005 0010 00210048
é Labour 01530326 0700 1477 4R

i Capital 0002 0004 0009 0019 0040

& Pollars of output reguired per dollar crease i final demand.
¢ Pollars of investment required per dollar ot final demand,

projections were used in the computations, they are not
reproduced in the table.

The totul levels of consumption, exports, and imports,
together with the corresponding levels ol investment and
employment in the three metalworking industries, are
also depicted in figure b The vertical scale is logarithmic,
so that the steeper slopes represent higher. the gentler
slopes lower, rutes of gromih,

The metalworking outputs showa i table 19 grow
more rapidly than toe assumed rate tor households, 4
per cent. (Unfortunately, the ditferences - rale of
growth are too small to be apparent tigure [y The
reatively  high rates of growth of ull metalworkimg
industrics are explimed by the fact that both exports
and mmports are e this case assumed 1o expand less
capidly (3 per centy than household consumption (4 per
cent). Since imports contain more manafuctured metal
products than either exports or domestic consumplion,
their relatively lower growth rate has to be compensated
by accelerated  expansion of domestic metalworking
industries called upon to cover a greater and greater

k] 2 I 0 ] 7 [}
0041 0144 1010 1102 000t 00y i
3669 12583 KRN 9 668 o2 0262 (1,01
0027 M9y V687 on? ) 1] 0002 0004
0384 (R3S OO7X w27 001t i 1241 048

2 AR 6 890 R 6274 082 1723 3658
0225 0826 50 0827 0007 001 s 003t
O 0248 U649 ORTR 003 007 DS
H309 21137 S.S97K 7 8748 0288 0604 12RS
V06K 0182 0417 0544 0002 0004 0008

i
O30K 0848 RET 2618 | 0009 00t9 0040

13737 24427 R4642 1175M 0401 O8S2 1802
0247 04 1522 210 0007 00LS 0032
0094 0222 0391 0826 0003 - 0006 0013
6546 1.54007 27119 3.6466 0201 0423 KL ]
00N 0198 0348 68 0003 0008 0012

b Man years reguired per thowsand dollars of tinal demand.

proportion of the total demand for manufactured metal
products. We have here a typical instance of import
substitution.

The assumption of a constant rate of growth for each
component bundle of final demand was wsed only to
simplify the computation and the presentation ol its
details. The figures contained 1n the numerical inverse
ol a dy namic input-output system permic s to determine,
through a simple process of addimon and subtraction, a
mutually consistent et of - time-phased  production
programmes corresponding toany ginven  also. nme-
phuased  combinanion of final deliveries.

The time protile of final defiveries represents a country’s
specitic goals and projeciions and mast be tilored 1o ats
specitic needs and policies. dealls, of course. the dynamic
mverse il should be tnlored to the specad features of
cach deselopimg area. This regunes expert judgment as
to the appropriate mput-output aad capital coethuents
(o choose as a basis for plannmg. Pracical planners
already know thut collection and selection of basic data
is still the most ditficult part of their task.
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15
AND CAPITAL REQUIRTD 1OR AN INCREASE OF ONE DINLLAR
BUNDLES IN YEAR O
Tmpworts | xports
. 4 } 2 i (4] L} 7 [ b 4 L 2 } )
0043 0029 0083 0197 02u8 R111 ot 002 mos 00l 0022 Ml 0147 eEs 074}
1164 2537 4636 17224 Ji14 1009 GG 0201 429 0R9Y  1ys) 1882 ) ST a4 TS
ki3] o9 003s K1 4. O18S [1al 0] G001 0002 000V 0007 S 002 0Ne 0447 6!
0102 07 456 1012 016K | vy ODOX. 001X 03T w79 0167 038 BROS i 12
7768 |.6491 1.4576 TE 27901 14918 R 113X Mk S966 26TS 2 AR50 6 110 Y 64T (L 10
0065 IRV 0290 065K 0234 1283 0005 D011 0024 00S0 0leT 0228 081 0912, R
0032 0067 0140 0323 OROD 0108 | oom s 0012 0024 0082 HOK 024 02U 0324
2728 5804 1.21I08 27864 6927 908S 0216 0466 (992 M6 3459 YIY9T 2 ONSE D SeND 17934
0020 0042 0OR7 0200 (495 06 0002 000y 0007 0018 032 00RT 018 OINS 200
0086 0184 0198 0170 2599 3647 0007 001S 0031 0066 O1W 0M4 0848|977 2744
3827 8068 17613 3. 1666 11.5929 16.1 309 008 0651 138Y 2919 6199 1 1550 24328 HKINY 122244
0068 0145 o7 0569 2084 L2900 0006 0012 0028 005Y 1L 0244 0437 1386 2198
0027 0058 0122 0287 0836 0797 0002 0005 0010 0021 0048 0083 0219 0T Oty
1900 40%0 M3 19868 4.34%9 53523 0153 0326 0687 1463 31} 6476 1.5179 26828 27
0024 082 0108 0258 583 708 ’ 0002 0004 0009 0019 0040 00Ky 019 0344 0108
Table 19 *
ANNUAL SEQUENCES OF INDUSTRIAL OUTPUTS, LABOUK
AND CAPITAL RFQUIREMENTS FOR ASSUMED ANNUAL
RATES OF GROWTH OF FINAL DEMAND BUNDLES
Year ] 2 3 4 5 6 7 L} 4 o
Household consumption | 200000 208000 21.6000 234000 233000 242000 35,2000 262000 2700 3% 40
Exports 1.0000 1.0300 1060 1.0900 11200 11500 1. 1800 1.2200 1.26000 1 3000
Imports LS000  1.54% 15900 1.61%0 1 6800 1.7250 1.7700 1.8300 15900 1.9800
Railroad, farm, Output 1511 1553 1603 1681 1963 2024 2091 2148 222x 261
and construction Labour 132200 1325900 140200 147100 171700 1771000 FX300  IRTEN 19490 O] 9500
equipment Capita! (9RY R IUN 1043 1094 4278 1317 1362 196 1450 1638
Autos, arreralt, Output 9609 9978 1 0421 1104 11628 1 2064 1.2542 1 08K 11737 IR
and intermediate Labour | 729300 757300 790000 X730 XX2600 916000 95 1900 Y9 1100 104 26000 109 4500
metalworkers Capnal 6127 6162 6644 0w 7414 7698 997 K26 %789 T
Ilectrical Output 41y 4572 4744 4967 s321 5502 SHXS ALLY] B S ns 18
cyipment and Labour | 351100 394300 409100 428400 458900 474500 49030 SO 7900 82 S6 Sh R0
insiruments Capital 2738 2830 2936 3074 1293 3408 LAY R 48 772 44

a Based on assumption of 4 per cent annual growth rate of household consumption and 3 per cent annual growth rate of oo

vl g
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