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I. OSystems of national economic accounting

1. The now-familiar systems of national income accounts cannot claim to present
a complete picture of a national economy. The accounts focus attention on
certain aspects of production, consumption and investment, and on the incomes snd
expenditures associsted with these different forms of activity. The development
of accounts of this kind can be directly traced to earlier national income studies
which had as their main obgective the measurement of total national income from
whatever point of wview the available statistics allowed; and the systems of today
are still basically oriented towards showing the level and distribution of naticnal
income and product. Although in practice s system of national accounts is often
accompanied by related tables which provide additional detail or extend the
coverage in new directions, these tables do not as a rule afford sn essentially
new perspective.

2. Input-output accounting, the subgect of the present paper, does furnish s

new view of the workings of an economy by emphasizing the structural interrelations
among industries. Attention here is directed to the allocation of the output

of each industry among the other industries and to the inputs anto each

industry from the others. The complete input-output table is thus a record o%

technological relaticns, but it is also more then that since sales and purchases
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are recorded in value terms at annual rates, thereby reflecting levels of
production. The technical relations of inputs to output apply specifically to a
given year, but to the extent that these relationships can be expected to persist
an analytical model is provided for use in a broad range of economic inguiries.
The fact that the scale of production for the year in question is also involved
permits linkage with the national income and product accounts, which show the
value of all production in consolidated form and the income of the factors of
production that constitute the primary inputs in productive activity.

3. TFor certain purposes a view of the network of financial relationships rather
than - or in addition to - national production and productive relations is
needed. Such a view ig furnished by yet another form of accounts, the money
fiows or flow~-of-funds statements. This type of accounting is at an earlier
gtage of development than the two forms described but the main emphasis is on
showing the financial transactions (involving currency and deposits, credit,
securities and the like) of the different parts of an economy and their relations
to other transactions. The "parts” of the economy usually distinguished go
beyond the broad sectors found iu national income accounting - e.g. business,
households, goverament, and the rest of the world - and follow institutional
lines, with financial ilastitutions distinguished from non-financial, corporations
from unincorporated business, federal government from state and local government,
etc. BSub-gsectoring of a gystem of national accounts such as the Unaited Nations
system along these lines would provide one method of relating the flow of funds
to the accounts, and through them, o 1nput—output@£/

L, A quite different vantage point is afforded by a national balance sheet, which
shows the tangible and intangible assets of an economy and the resulting
liabilaties and equities. Sector aand national balance sheets are thus related to
flow=-of=-funds statements prepared in terms of the amounts of financial asgsets

and liabilities rather than changes in then.

5. BSince a national wealth sitatement may be regarded as the consolidated balance
sheet of the sectors (the combined balance sheet is the national balance sheet),
1/  See "Progress Report on Nationmal Accounts and Associated Topics'

(document E/CN.3/267) for an account of recent activities of the Statistical
Office in regard to the development of flow-of-funds accounts.
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there 1s also a connexion with the national income accounts, which show saving
and laovestment and thus the increase in national net worth. No specific connexion
with inter-industyry accounting can be claimed until it bas become possible to
incorporate the requirements for capltal goods ia input~output studies. While
activity in the field of national balance sheets and wealth, especially at the
official level, has been small in recent years, an upsurge of interest in the
coming years is possible. A major difficulty stems from the fact that because
stocks rather than flows are involved, a uniform valustion basis must be applied
to agsets arising at widely different dates in the past if aggregation of wvalues
is to have economic meanling.

6. Of these various forms of national economic accounting, probably only two
have in practice been pursued in integrated fashion by any significant number of
countrieg: national income and input-output. In a number of European countries,
for example, i1aput-output tables have been brought withia the framework of the
national income accounts 1a such a way that conceptually and statistically
reconciliation is possible., There ig, indeed, no valid reason why a statement of
input-output relationships cannot be regarded as an auxlliary stabtement to the
national accounts. Nevertheless, the resources required for producing inpubt-
output tables are so considerable that on occasion the work involved has had to
be wholly undertaken by groups other than those responsible for the work on
national 1ncome. Where this has been the case some of the benefits of an
integrated approach have had to be foregone.

7 ﬁowmofnfunds statements are as a rule being developed apart from national
income. They are still very mwuch in experimental form, if only because the
obgectives and uses of such statements have not yet been generally agreed upon.
The natural impulse to explore the relations with other forms of national economic
accounting is, however, leading to attemplts at Tormal integration with the
national ilncome accounts.

8. 1Indeed, therz are already clear signs of a movement to bring together
national income accounting, input-output tables, flow-of-funds statements and

#

balance sheets i1nto a comprehensive systemww/ Despite the special purposes each

2/ This point of view pervades the report of the U.S. Wational Accounts Review
Committee., The report is printed in The National EKconomic Accountg of the
United States, Hearings before the Joint Economic Committee, Bighty-fafth
Congress, First Sessions, Washiagton, D.C., 1957. y
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form is designed to serve, there is no question that the imposition of uniform
concepts, the incorporation of reconcilable date and the clarification of
relationships would enhance the usefulness of all the accounts or statements and
provide new insights into the functioning of the economic system. In this
integration an elaborated form of the national income accounts seems destined to

provide the unifying framework.

II. The ratiomale of input-output

9. The inter-industrial relationships within a country can be set out in a table
or account which shows for each of the various industries into which the economy
is divaded both the sales to other industries and the purchases from them. Such
a table of input-output relaticnships furnishes not only a statistical picture

of iundustrial inter-dependence but also an empirical basis for analysis. Before
considering the characteristics of an input-output table and the uses to which it
may be put, 1t will be convenient to examine in a general way the basic
assumptions underlying input-output analysis, since these have a direct bearing
04 the form and interpretation of the table.

10. To the extent that inter-industry transactions reflect technological
relationships between inputs and output, the input-output ratios obtained in a
particular year may be regarded, it is argued, as sufficiently stable, at least
over short periods, to be useful for working out certain problems, such as
changes in the pattern of production under altered conditions. An assumption to
the effect that these technical coefficients are constant, however, would not
seem to be equally plausible as regards all sectors engaging in economic activity.
Specifically, 1t is difficult to maintain that for households, government aund

the forelga Transactions of a country, purchases and sales are linked in the sane
manner as for processing industries dominated by technological relationships.
(For instance, to regard households in input-output analysis like any other
industry would amount to claiming that a simple production function related
inputs to outputs, specified amounts of each consumer good (input) yielding a
man-hour of labour (output). Although household purchases and labour, exports

and imports, etc. are not unrelated, the relationships are of too complex a
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nature to be explained in this way.) For this reason, these sectors have
generally been regarded as outside the system of functionally interrelated
productive activities, or as autonomous, their purchases constituting the final
demand and their output the primary input of the economy. In order to base the
structural relationships of productive industraes on current accouvnt flows
(input ratios reflecting current and capital account flows would be inherently
unstable), investment is also treated as autonomous,é/ Analytical applications
using a model in which certain sectors are thus freed of structural constraints,
are said to be based on an open modelgg/

11. Bven for the processing lndustries which convert inputs into output,; the
relation of inputs to output still calls for careful study. The coefficlents
obtained by relating each of the inputs purchases by an industry on current
account to the industry's total oultput reflect essentially techunologlcal
conditions underlying production. More specifically, they reflect relationships
corresponding to the industry's scale of production, given 1ts stock of capital
and technical organization. A more dynamic Tormulation would need to take account
of changes 1n the stock of capital and in technology, the availability of imports
on the scale reguired, limits to industrial capacity and other factors. ©So far,
however, as present-day static models designed for the more limited purpose of
tracing through shorter-term developments, their main shortcoming in analysis
may be sai1d to stem from the asgumption of fixed input coefficlents.

12. The inter-industry relations approach does not, strictly speaking, require
the assumpition that for output to increase by a certain proportion, each input
must be increased strictly in the same proporticn, and other functional
relationships 1n better agreement with the facts can be utilized. For example,

instead of using constant average input coefficients, a linear, curvilinear or

5/ For an example of an lnput-outpult table showing inter-indusitry btransactions

- on both capital and current account, see Report on the Inter-Industry Study
of the New Zealand Economy in 1952-53, Supplement to the February 1957
Monthly Abstract of Statistics, Wellington, 1957, page 15. In addition,
input-output tables showing separately current account and capital flows are
provided.

&/ Almost all analytical models are now of the open type. The pioneer attempts
of Leontief at structural analysis ol the US economy were based on a closed
model., See W.W. Leontief, Structure of American Economy, 1919-1939, New York,

1951.
/oo
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broken line relationship could be assumed to hold. The difficulty of
establishing and justifying such relationships has, however, resulted in their
being seldom used. The preparation of input-output tables for a series of years
would be one way of establishing trends, marginal relationships, etc, in input-
output ratios over time and thus anticipating coefficients for future yearsaé/
While the compilation of annual tables on a sufficiently detailed and firm basis
to permit changes in coefficients to be interpreted in the light of structural,
technological and other developments is not a possibility in most countries, it
may still be quite feasible to investigate the changing cost structure of
selected industries. As opposed to a time series approach to the problem, the
variability in the input patterns of various firms in an industry could be studied
for a particular ceunsus year and related Lo other characteristics of the firams
(e.g. age, capital) with a view to discovering the evolving relationshipsmé/
Reference to the relevant data for other countries may also be useful for
adjusting coefficients to reflect future trends, or even for establishing the
coefficients initially, provided account is taken of differences in stage of
development and other relevant factors. Muach research remains to be done in this
whole area.

13, The use of fixed coefficients in input-output analysis amounts to a
rejectlon of marginal productivity theory, for the assumption of constant
returns to scale implies that production will not be increased at all by the
increased application of any one input. Furthermore, the use of fixed
coefficlents denies the possibility of the substitution of one input for another,
that i1s to say, once the level of output is specified the bill of input

requirements is uniquely determined. The assumption also implies that the

2/ Carrying this argument a step further, it is clear that it should be

possible to replace the input-output model by a system of simultaneous
stochastic equations utilizing time series for industry outputs and final
demand and with functions of certain explanatory variables replacing the
usual input coefficients so that input-output relations are not held fixed
in the system. The data requirements of such a system, however, seem
formidable indeed.

6/ Such an luvestigation for the canning industry in the United States is under
way in the Harvard Economic Research Project.
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composition of the ocutput of an industry (or productive process) is uniquely
determined by i1ts inputs, a point related to that of input substitution. Whether
the employment of input-output tables for prediction (based on fixed coefficients)
is permissible depends, therefore, on whether realistic predictions are possible
despite the fact that in the real world constant returns are not the rule, input
substitution does take place 1n response to relative price changes, etc. The
simple working hypothesis of proportionality, contrary to the facts as it 1s
known to be, may still be good enough to yileld satisfactory results, at least
under circumstances that do not put it to too much strain. Opiniong differ on
the merits of the approach, and a clear consensus one way or the other has not
emerged.

1k, An input-output table of the kind described is, it should be noted, a
perfectly valid statistical description of the relations involved based on
empirical evidence. The input coefficients that can be derived from the flow
data at actual levelg are averages obtained by dividing each purchase by the using
industry's total sales, and cannot be questioned on theoretical grounds. The
drfficulty arises, in other words, in trying to decide whether the data are more
than a description of certain aspects of economlic interdependence for a
particular year, that is, whether the derived coefficients are sufficiently
meaningful and stable to be useful for predicting output levels for industries

in changed circumstances. The conceptual problems that arise in preparing an
input-output table are thus related to the problem of producing an empirical
model that will best serve the ends of analysis and predicticns, and 1t is

in this sense that criticism of the tables is profitable.

15. The main, although certainly not only, Jjustification of input-output tables
being thelr usefulness as an analytical tool, those responsible for compiling
tables have been at pains to divide up the economy, to route inter-industry flows
and 1n general to present a picture of inter-industry relations in such a way
that the statistical model should be in the greatest possible harmony with the
agsumptions of input-output analysis. The discussion immediately following on
the division of productive activity, 1t will be seen, illustrates this point, as

does the discussion of routing conventions in a later section.

/@oe
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ITI. The classification of productive activity

16. Several different divisions of production are possible in input-output
studies, ranging from branches of industry composed of enterprises engaging in
gimilar activity to individual products or processes, and including alternative
classifications for the allocation of outputs as compared with inputs, a
procedure leading to rectangular tables. An enterprise basis of industrial
classification has the consequence that the great variety of outputs typical of
certain branches would have to be treated as single Tlows. Given this lack of
homogeneity in production, and therefore the possibilities for changes in the
composition of output, the assumption of fixed input coefficients would be
difficult to Jjustify. TFurthermore, since the same producte may be produced by
different branches of industry - that is, produced by enterprises classified in
different branches - analysis could be complicated where interest centred on
particular key products.

17. A better division of productive activity is into industries based on
establishment units. This is in fact the system for industrial classification

in force in many countries for census operations. Since, however, it is the
principal product or group of products which determines the branch of economic
activity to which an establishment as a unit is assigned, secondary or subsidiary
products of establishments are included in industries outside whose scope they
properly fall. Nevertheless, the fact that the establishment, where it differs
from the firm, is a simpler unit of production means that it has a more
homogeneous output and provides a more suitable unit of classification for
input-output work. The designations "principal" and "secondary” are of course not
independent of the industry divisions adopted; secondary products will in part
become principal as the industry groupings become broader and encompass s wider
range of commodities or activities. Broad classifications of establishment-based
industries so0 as to minimize the amount of subsidiary production, or overlapping
of output between divisions, are thus not a solution to the problem of homogeneity.
Product homegeneity within branches can be improved, however, by transferring

the secondary production of each branch to the industry producing similar products.

Most imput-output tables, as we shall see, are constructed slong these lines.

/eaa
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18. 8till more satisfactory from many points of view would be the replacement of
the establishment type of classification by a product classification. The latter
is more suitable for certain branches of activity than for others (agriculture
and mining are more easily dealt with in this fashion than, say, manufacturing).
Grouping of commodities is usually carried out on the basis of their similarity
from the user's point of view, but in cases where the input patterns for similar
products are very different it may prove preferable to take similarity of inputs
as the criterion. The commodity basis of classification is especially useful

at the worksheet stage because of its detailed nature and also because the
figures facilitate the making of allowances for changing coefficients.
Commodities or commodity groups can be readily combined into branches of
industry approximating an establishment-based industrial classification with
secondary products removed. Aggregation into a manageable number of industries
or principal product groups is of course necessary for a table to be
analytically usefuluz/ In a few instances rectangular tables have been

compiled using industries for columns and a larger number of product classes

for rows.~ Since the commodity input requirements of industries are often

known in greater detail than the distribution of sales to industries, such an
arrangement may be highly efficient, especially if the various product groups

can be related to the industry sectors so that a square matrix can also be

derived.

IV. The input-output table: accounting and functional relationships

19. The general format of the usual open static model input-ocutput table is

fairly well standardized. The main body of the table shows inter-industry sales

Z/ It may also be observed that the larger the number of industries, the

greater the possibilities of technical substitution between products of
different industries and therefore the less stable the coefficients
derived from the table. In addition, of course, the need for g finer
breakdown of final demand for projections is imposed.

8/ See, for example, The Structure and Growth of the Ttalian Economy,
Mutual Security Agency, Rome, 1953.
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and purchases of goods on current account, sales being recorded in the rows and
purchases in the columns. This part of the table is square where the same
classification of productive activity is applied to outputs and inputs, as is
usually the case. This intermediste product flow matrix is followed by a border
of columns to the right and of rows below which contain, respectively, sales
constituting final demand (i.e. sales outside the "closed" system of activities
characterized by fixed technological relations) and purchases from the
autonomous or final demand sectors (factor costs of primary inputs, depreciation,
imports, and indirect taxes and subsidies). The table is shown below in

.9..//

schematic form.

Industry Final Total
demand output

1 2 3 . . .

Industry 1
i1 2
131 3

Factor costs and
other primary inputs

Total input

20. 1In theory, the entries in the table can be either in terms of physical
gquantities or monetary units. For the table to show physical quantities it would

have to0 be set up in terms of homogeneous commodities, a formidable

2/ The principal diagonal of the intermediate product flow matrix may either
be filled in oOr left blank. Where figures are shown they refer to
intra-industry transactions, e.g. sales between establishments in the same
industry if the establishment is the unit of classification. Total output
may thus be gross or net of such transactions.

/Mo
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10/

undertaking .~ Furthermore, columns could not be summed without introducing

price weights. Almost invariably, therefore, the flows are recorded in current
value terms,éi/

21. In such an arrangement of data it is clear that the row total for any
industry must equal the corresponding column tobal, since in each case receipts
from sales (including the value of the stock change) equal total outlays on
inputs purchased (including profits). It is also clear that the value of gross
national product is implied in the array of data; this aggregate or one of its
variants may be derived either by summing final expenditures and deducting imports,
by summing total receipts of all industries reduced by the cost of intermediate
products, or by summing factor costs, depreciation allowances, and net indirect
taxes.

22, The "deconsolidation" of production accounts is the distinctive feature of
the input-output table as compared with the national income accounts. Since the
inter-industry flows of intermediate product corresponding to a particular level
and pattern of final demand are revealed, the input-output table provides a
basis for establishing, under specified assumptions, the structure of production
corresponding to a different bill of final goods and services. Thus, suppose
final demand for the output of some industry is raised. 7To meet this increase
the industry's input requirements are enlarged, which necessitates a further
incresse in the industry's output to satisfy the derived demand of other
industries. This, in turn, requires additional inputs into the industry in
question, leading to still further requirements of the industry's output. A4nd

so on ad infinitum. The successive increments of intermediste output which the

industry must supply converge, since the column sums of input coefficients are
invariably less than unity (the primary inputs being considered exogenous
variables), and the limit of the sum of these increments is the additional

intermediate production implied by the new level of final demand. The consequences

gg/ A table set up in terms of homogeneous products and showing values can be
thought of as being in terms of quantities, the unit of guantity then being
the amount that can be bought for one unit of money.

&;j A Tew countries have also prepared tables in terms of the prices of an
egrlier year rather than in current prices.
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of changes in final demand for any number of industries simultaneously can be
viewed in the same light. Clearly the final outcome depends on the input-output
relationships that are used to compute additional requirements in each round.
23. A general mathematical solution is possible where the average input-output
coefficients derived from the flow data for productive activities (by dividing
each input acquired by an industry by the industry's total production) are
assumed to be fixed. Thus, 1f Xi is the total annual production of industry i,
Xij the amount used by industry Jj, Yi the amount available to satisfy final
demand, and 1if there are n industries, then the fact that for each industry TOW,
the total production equals intermediate product plus final product may be

expressed by the equation

+
%31 7 %4e
Letting Xij / Xj = aij’ the average input coefficient, the equation becomes
+ + L + ) + Y = Py i = 2 8 @ = i
aile aiEXE . alHXn Yl Xl, i=1,2 n. Since there are n
equations and n unknowns, the system can be solved simuvltaneously to give the

+ G@oXin + Yi = Xi} i = l) 2’ 2 e 9 @ n-ﬁ

output of each industry, Xi’ in terms of the specified n final demands., Using
matrix notation and denoting by A the matrix of Input coefficients with the

elements aij’ the solution becomes

AX + Y = X,
or
(I-A)X = ¥,
and X = (I-A)“l Y,

where X and Y are vectors with components Xi and Yio Hence, if the matrix (I-A)
is inverted, the solution corresponding to any specified schedule of end-product
deliveries can readily be obtained. The inverse matrix provides a set of
coefficients representing the combined direct and indirect requirements of input
per unit of fimnal output, and the sum of the products of each of the elements in
a particular row by the final sales of each industry yields the total
requirements of the industry which the row represents.

24, As the number of multiplications involved in inverting an n-industry
matrix is of the order nB, modern electronic computers would appear to be

necessary for this task where the number of industries is large. With the

/ﬁam
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inverted matrix available, solutions to problems will require form n to n2
multiplications depending on whether attention is directed to cone industry,
several industries, or all. Since the indirect effects on production levels
induced by a change in final demand form a converging series, the method of
guccessive approximations can be used to provide solutions to specific problems.
Convergence in most cases 1s rapid and more than four to six iterations are not
normally required. A simple iterative solution involves about kn2 multiplications,
where k is the number of iterative stages; by comparison, direct non-iterative
solutions to problems require n5/2 multiplications for small matrices and

m5/5 for large ones .25

25. The advantages of a general solution involving inversion of the matrix as
compared with the iterative method are not all on the side of the former. Granted
that the availability of the inverse matrix is a great convenience where a
considergble volume of inter~industry analysis is to be undertsken, the
mechanical approach which it implies puts this method of problem-solving at a
disadvantage. Once the inverse i1s calculated, changes in input-output relations
can no longer be taken into account without completely scrapping the inversion.
The method of successive approximations, because it starts every time with the
teble of input coefficients, can allow for new input-output relationships that
have come to light since the original table was prepared, as well as for varisble
coefficients, capacity limitations which are seen to be approached or exceeded

at some stage in the 1terative process, and sO On.

V. The routing of inter-industry flows

26. TInput coefficients based on purchases and sales are but an approximation
to technical coefficients relating inputs actually absorbed or used up in
production to the value of the resulting product. BSince changes in stocks of
inputs are not explicitly considered where purchase und sales data are used in

inter-industry investigations, whenever the inventory of some material input

12/ TFor a discussion of iterative solutions, see "Input-output Computations”
by W. Duane Evans in The Structural Interdependence of the Economy,
John Wiley and Sons, New York.

/aoe
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held by an industry is reduced (increased) in producing the year's output, the
computed coefficient for that input in the industry will be too low (high) as
compared with a "use" concept of input-output. Changes in stocks being a
dynamic factor, the influence of input stock changes on input coefficlents
introduces an element of instability which in principle is best removed from
the coefficients., A more satisfactory procedure would therefore be to adjust the
entries in the inventory change column so that the figure corresponding to each
row refers exclusively to the rise or fall in the stocks of products produced by
the industry irrespective of where the stocks gre held, and to adjust sales and
purchases to a use basis. Such a procedure obviously carries the sectoring of
productive activily further in the direction of a commodity or principal
products basis of classification.

27. The practical difficulties of replacing actual purchases and sales by the
amounts absorbed in production are such that in general 1t has not proved
possible to do so,lé/ The distorting effects of changes in input stock levels,
however, may be reduced by using average figures for sa numbgr of years, a
procedure that has been followed in one or two 1nstances=li/ Another distorting
element associated with stock changes generally arises from price fluctuation.
In principle what is required is that the value of the physical change in the
stocks of a commodity be valued at an average of prices ruling during the year.
Again, for practical reasons this preferred procedure cannot be followed
consistently and the change in book values is used instead. _m/

28. The problem posed by secondary production in any classification of

productive activity (except on a commodity basis) has been referred to in

15/ The procedure has been followed in Canada and the United Kingdom. ©See The
Inter-Industry Flow of Goods and Services, Canada, 19h9, Dominion Buresu of
Statistics, Ottawa, 1956, pp. 11-12, and National Income Statistics, Sources
and Methods, Central Statistical Office, London, 1956, p. 53. In the U.S.
certain adjustments made in this connexion are described in "The
Interindustry Relations Study for 1947" by W. Duane Evans and
Marvin Hoffenberg, The Review of Economics and Statistics, May 1952,
pp. 118-119.

1L/ e.g. in Norway.

15/ TIn the U.K., however, a "stock appreciation" figure for each industry is
shown. Op. cit., p. 53. In a few cases inventory movements are revalued to
a current year basis for s limited number of industries where the adjusting
data are available. See, for example, Evans and Hoffenberg, Op. cit., p. 118.

ERE Y
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passing. In the usual establishment~based industry classification, the
heterogeneous character of the output of certain industries may make the
assumption of stable coefficients implausible; Tfurthermore, since information on
the cost structure of industries very often relates to commodity inputs rather
than vendor industries, utilization of source data is hampered°£§/ One solution
is to segregate subsidiary from primary prcduction in each branch and to treat

the subsidiary portion as if it were sold to the industries where the products
concerned are primary. The distribution of sales for each industry will then
include the industry's own production as well as its principal products which

are produced elsewhere. This method, which 1s frequently followed, may improve
the stability of some of the coefficients and facilitates the recording of data,
but inasmuch as subsidiary production is still distributed in each row along with
(total) production of the primary type, homogeneity is not attained. If, however,
subsidiary production is treated as negative input into the producing industries
and negative output of the industries in which it 1s primary, homogeneity of the
rows will be attained, In analysis thig alternative would have advantages when
by-products are technically related to the main production.

29. Where for an industry the principal and secondary products are not
technically relsted, the best solution may be simply to remove the secondary
products and the corresponding inputs to the industry in which the products are
main output. If the inputs are not directly ascertainable, the cost structure

of the industry to which the products are transferred may be used if there is no
reason to believe that the production technigues 1n the two industries are very
different.

20, The recording of imports also poses difficulties. To begin with, all imports
could be treated in a row in which the entries are the cost of imported supplies
used by the various industries. This method has a number of disadvantages, however,
Thus, as regards any product whose total supply is met partly by domestic production

and partly by importation and for which variations in the proportions of supply are

16/ Specifically, 1t is difficult to determine how much of the requirements of a

T particular industry for a commodity is met by production in the industry
where the commodity is a primary product and how much from the subsidiary
production of other industries.

[ooe
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to be expected, it 1s clear that coefficlents relating only domestically produced
inputs of the product to the outputs of using industries will also be variable.
From a statistical standpoint, the method has the drawback that it implies

that the amount of each product supplied in part from abroad which is bought

by industries can be broken down into its domestic and foreign components. Vhere
it can be contended that practically all imports are non-competitive with
domestic commodities (i.e. that they are not close substitutes for locally
produced products ), of course both these objections cease to applyaiz

31l. As regards the competing imports a preferable solution is to distribute the
total supply (domestic and imported) of commodities rather than just the amounts
locally produced, and to charge the domestic producers with the cost of the
competing imports. Under this treatment, each row will show the disposition of
the total supply of the commodity or group of commodities, and each column the
inputs including the cost of the imports disposed of in the row. This
arrangement improves the stability of coefficients involviung commodities which
are partly imported, and also disposes of the statistical difficulty mentioned.
The solution, although frequently adopted, is nevertheless not completely
satisfactory, because the cost structure cof the domestic producer of a product
which is also imported is made to depend on how much of the commodity is imported.
This drawback can, however, be removed by treating the import not as a purchase
by the producer but as his negative output (as by recording competing imports

in a column rather than a row and entering here the negative figure).lé/
32. Given that the emphasis in input-output is on the relationship between
inputs and the outputs into which they are converted, it is clear that the

distributive industries such as transpoirt end trade through which almost

17/ Tt appears that in the Puerto Ricah inmput-output study all imports are

T regarded as non-competitive. See "Input-Output Analysis of the Puerto Rican
Economy" by Amor Gosfield in Input-Output Analysis: an Appraisal, Studies
in Income and Wealth, Vol. 18, Princeton, 1955, pp. 346-347. The distinction
between competitive and non~competitive is not always easy to make in
practice; hence the tendency to route all imports in a uniform way in
input-output tables without regard to the aspect of competitiveness.

18/ See, e.g., the Italian Study, Op. cit., teble following page L4Ll. A

ﬂn consequence of this treatment is that the computation of input coefficients
comes 1O be based on domestic production rather than the total supply of
production.
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all commodities pase cannot be shown as buying and selling these commodities,
for such a literal picture of inter-industry transactions would obscure the
technical relationships between outpuls and associated anputs. The distributive
industries must therefore be regorded as producing and distributing only their
services, which are costs of production to the other industries. Because these
services intervene between producers and users of commodities, the question
arises as to whether transactions should be stated in terms of the prices which
the producer receives or the prices which the purchaser pays.

33. The use of producers' prices for recording transactions implies that every
industry purchases from distribution the distributive services involved in
providing the industrywith its inputs (Just as if distribution were a processing
activity whose output was neesded by the industry); further, when producers'
values are used for sales to final buyers it is necessary that the mark-ups and
other distributive costs associrated with finsl sales be shown as a separate sale
to final buyers by distribution.

3Lk, Where inter-industry sales are shown at purchasers' values, all inputs are
already valued inclusive of distribution costs., Hence each industry instead of
being charged by distribution with the costs associated with its inputs is
charged with the distribution costs associated with 1ts output. Ssles to final
buyers being shown at buyers! values, no ceparate sale of distributive services
to final buyers is called for.

55, From the standpoint of statistical convenience the use of purchasers'
values has definite advantages, since to the extent that input requirements are
known they are normally expressed in buyers' prices, and additional data or
assumptions are recuired to eliminate the associated distribution charges, In
both methods the total output of "distribution” ig the cost of providing the
services of wholesale and retairl trade, trangportation, storage, etc., but in the
first (purchasers' prices) in the row or rows for distribution this output is
allocated acccrding to the services rendered in distributing each industry's
inputs, 1n the second (producers' prices) according to the services vendered in
distributing the industry's output. As regards the treatment of the distributive
industries themselves, the method of purchasers' prices again is the easier one

to apply. Indeed, in many cases a table at producers' prices could only be
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arrived st by starting with one at purchasers' prices. Furthermore, for most
nput-output studies it is a distinct advantage To have final expenditures
already expressed at buyers'! prices because they are then in agreement with the
expenditures at wmarket prices comprising final demend in the national income
accounts; and the necessity for charging consumers, elbc., with a separate large
total for distraibution costs is eliminated.

36. While in fact purchasers'! values are often used, the consensus appears 1o
favour tables in terms of producers’® values as a basis for analytical studies on
the grounds that digtributive margins vary according to classes of users, and
that shifts in the patterns of sales = e.g., in the proportion of total output
sold at retail or exported - thus introduce an element of instability into
technical coefficients based on buyers' values. It is, however, a woot point
whether this theoretical sdvantage is not actually more than offset in numerous
cases by the loss in accuracy entailed in adjusting readily svailable data 2t

: . .. 19/
purchasers' prices to a producers? price baslsg«é&

VI. Applications

37. It has been shown how the level and structure of production corresponding

to a given final demand schedule may be derived from an input-output table under
the assumption of constant lpput-output ratios., The potentialities of input-
output snalysis for planning purposes are suggested by this predictive character
of the imput-output table. It is not, of course, the size and character of final
demand which 18 projected by an open system of analysis, but only the production
regquirements necessary to sustain the demand. Final demsnd must either be given,
as for a goal or "plan", or else estimated by technigques quite distinct from

2 . . -
inter-industry analysisawg/ This 15 necessarily so because an cpen system of the

19/ This sawme doubt is raised in the article "Input-Output Tables: Recent
Experience in Western Europe”, Economic Bulletin for Hurope, ECE, Geneva,
May 1956, page L9,

20/ Forecasts of total final demand may be based, for example, on projections

" of suck factors as employment and productivity. This approach is used in
Long=Range Projections for Economic Growth: The American Economy in 1970,
National Planning Assoclation, Wasghington, 1959,
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kind under consideration, deals only with the supply side like any other
production function, and not with demand. FEven after final dewand has been
specified, whether &s an outright assumption, or, as a forecast, 1t must be
translated into final demand for the ocutput of each of the various iandustries by
means of regression snalysis of time series or household budget data, or some
other technigue.

38. Despite these limitations, input-cutput analysis is probably the best
availeble technique for tracing out the implications, in terms of production
levels and requirements, of a specified final demand pattern. In economic
planning these derived data may be of utmost importance by revealiang in detall
the new industrial structure implied by a plan and by providing a basis, when
resources are also taken into account, for judging its reasonableness. Analysis
may reveal, for example, that a plan i1s not feasible because the supply of scarce
resources such as skilled labour or foreign exchange is simply not equal to
supporting the final dewend as projected. The fast-growing industries can also
be identified by the analysis, and these dynamic sectors of production become
logical candidates for study in any industrialization or development promotion
acheme,

59. The expansion of domestic production and imports required to support en
investment programme, or even the construvetion of a single large project like a
dam to generate hydroelectric power, can be examined by use of the inter-industry
technique. In this case the dirvect requirements of inputs for investment in
additional capacity must somehow be debermined, and the bill of final demand must
take these additional demands into account (as well as the additional final
expenditure that will be induced by the higher level of investment activity) so
that the full impact on the economy of the programme or project can be assessed,
Even 1f a given investment programme proves feasible, further analysis may show 1%
to be deficient in the sense that the expanded productive potentisl of the economy
after completion of the programme may still be too small to support the desired

level of final demand, or may be larger than necessary, or may be badly
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balancedwgi/ Although the technique is useful for discovering a programme that
appears feasible and is consistent with the achievement of the desired level of
firal demand deliveries, the selection of the optimum investment programme calls
for more powerful methods « and also more information and assumptions - such as
linear programmingaég/

L0, In testing for feasibility, the total requirements of "ultimate"” resources
can be determined because fixed coefficients are assumed to hold for imports,
labour and other primary inputs. I competitive imports are freed of this
restriction in the interest of a more realistic medel, it should be noted thatb
they cen no longer be derived but must be specified. This is an inherent
limitation reflecting the fact that meany considerations may enter into determiving
the extent to which commodity reguirements will be filled by domestic production
as against iwmportation. In any test of feasibility, the total amount of foreign
exchange needed to finance imports of all kinds must be examined in the light of
existing exchange reserves, exporbts and the developing balance of payments
gituation as a whole,

41, Analyses along these lines are carried out in general without explicit
attention to the consequences of changes in relative prices; in other words, The
cost structure of the base period is assumed to hold. Another class of
applications, however, is concernsed with invesitigating the consequences of
changes in costs, either assumed or foreseen, the real structure of production
being considered as given,

k2, Since the direct and indirect content of weges, imports and other price
determinants can be established for the various industries, chenges in the price

levels of the goods and services produced by the various industries can be

éi/ The programming of investwment by inter-industry analysis is discussed in
detail in How to Select Dynamic Industrial Products, International Cooperaticn
Administration, Washington, D.C, This "manual” tekes an optimistic view of
the possibilities offered by inpubt-output in the solution of such problems.
An opposite position is taken in Ronald W. Shephard, A Survey of Input-
Qutput Research, The Rand Corporation, Santa Monica, California, July 1952,
a study concerned not with investment programming per se but with
mobilization or military plaoning. o

éﬁ/ Linear programming is treated briefly in a note appended to the present
paper,
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caleoulated given the change in wage rates, import prices, etc., For insbtance, the
change in the cost of living that could be expected to result from a general wage
increase of x per cent (or from a specified change in import prices or indirect
taxes) can be determined by caleulating the resulting changes in the costs of the
components of the index and then combining them with appropriate weights. While
the resulting figure will of course refiect the assumptions underlying the
analysis, the approach yields at least a first approximation through a gerneral,
ag distinet from partial, analysis of the problem,

43, Applications of the sort described are by no means the only ones which could
te mentioned, although they are by far the wmost important. Other applications
freguently reguire the development of a special model to study =2 specific kind of
problem. An interesting exawmple is the application of input-oubtput techniques

in the investigation of regional as opposed Lo national development. Where the
regions of a country have substantial differences in income levels, techniques of
production; etc., & variant of the cusbomary inpuit-oulput wmodel can be devised to
take account of the regional aspects of supply and demard. The model can teke
the form, for example, of treating commodities and services produced and consumed
in the various regions as if they were distinct commodities. Such a model 1s
obviously better adapted to the study of the regional implications of development
schemes than a national model, and some experimentation with such special=purpose
models with an eye to practical results has been cerried on in a few countriesggéf
L, In addition to the analytical or predictive uses to which the input-output
table lends itself, the statistical description of the interdependence of
industries which it provides is in itself of course & valuable contribution to
factual knowledge. The extent of the claims thet have on occasion been advanced
for input-output tables as a teool iv analysis has led to counter~claims in which
this aspect has tended to be forgotten. But it would seem to be undeniable that
rnput-output tables, like the national income accounts, are of interest and
value even when they do not form the basis of analytical studies.

L5, The systematic reconciliation of a vast amount of statistical data on output

and costs of production which the preparation of input-output tables necessitates

e s

égf See the Italian Study, op. cit., Chapter V.
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may also contribute to an important degree 1o the improvement of national
statistics, for instance by disclosing inconsistencies and gapsaéﬁ/ Where the
work is carried on in conjunction with the calculation of national incoue
statistics a sounder basis is inevitably provided for the latteregé/ Quite apart
from these statistical considerations, the detailed studies which are often
undeyrtaken for key industries in inter-industry research - and which might
otherwise not be atiempced - are providing new and potentially valuable insights

in depth into the workings of these industries.

VIT. Limitations of the input-oubpult model in under-developed countries

46, uhatever the gualifications of the input-output table as an analytical device
in industrialized countries, still other limitations enter the piclure in under-
developed countries., These new limitations arise mainly from the dominant
pogition of agriculture and the nature of industrial interdependence in these
countries.

k7. As regards agriculture, one difficulty is the absence of a persistent
relationship between inputs end output owing to the influence of external factors,
such as the weather. The iwplications of the resulting errvatic fluctuations for
the assumpition of stable ceoefficients in practical investigations are obviocus.
While unpredictable fluctuations in agricultural ocutput are also a drawback Lo
imput-output analysis in those developed countries which have a large agriculbural
sector, the mechanized and scientific character of the farming opevrations
generally serves here to reduce the play of chance factors (the greater control
of livestock epidemics through breeding and modern veterinary services, the
development of more resistanl seed strains and water conservation are a few
examples that can be mentioned). The use of an average for a nuwber of years 1s
cue way of providing a better approximation to "normel” relationships between

agricultural inputs and output. AL the same time The use of sverages is

D AP ST

2k/  Australis and Canade, among other countries, have emphasized this point,

22/ Furthermore, the deflation of gross national product by the industrial
origin approach and the analysis of productivity change into structural
and technical aspects would be grestly facilitated.
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undoubtedly a coamplicating factor in the construction of a table and in most
applications, and averages covering cnly a few years may furthermore not eliminate
the effects of large chance fluctuations,
48, The broad range of outputs of agriculture presents another problem where the
product-mix is subject to important changes in composition, whether due to chence
factors such as growing conditions or in response to changing market conditions.
While at first glance it would seem that s solution might be to distinguish
separately major groups of products, there are theoretical and pracvical reasons
wity such a "solution" would be illusory. [In the Ffirst place, the specitic imput-
output coefficients would probably prove o be even less stable then a general
coefficient for agriculture as a whole, since the latter coefficlent, relating
s it does to a whole complex of acltivities, serves at least to average out to
some extent the influence of factors making for instabllity. In the secoud place;
separation of oculputs iwplies separation of winputs. Tt is well kunown from
experience that sllocating inputs according to agricultural outputs where mixed
farming is the rule is extremely difficult in practice. While technological
considerations are helpful in establishing the input-mix reguired to carry on
manufacturing processes, the technical links between purchased inputs and output
re much less specific in agriculture, so that even cost studles Tor specialized
farmes may not fornish answers thav are very uvseful for projection.
49, For those under-developed countries in which the state of the economy is
dependeat to a very large extent on one or a small number of agricultursl
exports - coffee, rubber, sugar, bananas, cotton, etc. - it is uncertain whether
input-output studies can be of very much assistance in resolving questions
centring on these atems., It is True that from a statistical stendpoint these
products can easily be separated from the balance of agricultursl production and
that, especially where the products are for the most part grown on estates or
plantations, btypical input patferns can be established. But leaving aside The
guestion of the stabllity of the input-output relations, the fact that these
products are mainly exported rather than used by other industries within the
countyy end the inputs required from other industries are velatively saall
suggests that an inter-industry matrix is & less useful device for studying

agricultural problems in these circumstances then is sometimes supposed,
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50. As regards countries which are still at a very early stage in their economic
development, the absence of pervasive inter-industrial relationships - not only
between agriculture and other industries, but in general - greatly reduces the
usefulness of the input-output table as an analytical tool, Such studies as have
been wmade for the more primitive kinds of ecounomies show that inter-industry
transactions are negligible, most of the inputs being either imports or factor
services and most of the outputs being sold directly Lo domestic final buyers or
exported. In such circumstances it is mainly the emerging or anticipated inter-
industrial relationships that will be of interest.

51. Por countries at a higher stage of development where domestic processing
activities are already significant and rapidly becoming more so, another
difficulty erises, Growing industrialization implies that certain important
changes will take place rather rapidly in the character of inter-industry
relationships. The construction of a large modern plant, for example, will
create a whole new network of transactions with consequences far beyond those
thaet would occur in an already thoroughly industrialized economy, Under these
conditions an assumption of fixed coefficients can hardly be justified.
Furthermore, the continual emsrgence of new products connected with the growing
diversification of industry could only be disregarded at considerable risk to
the usefulness of the model in projections.

52, These difficulties point not so much to the limitations of input-output
analysis per se as to the need for abandoning the completely static model and
introducing modifications to take into account emerging patterns of activity.
While in the indusfrialized countries technological innovations and their
congequences are difficult to anticipate, it is probable that a great deal of
the scope and impact of new developments can be foreseen in the less developed
countries, (enuinely new developments play a much swaller role in the latter
since almost all advances result from the application of already existing
knowledge and processes, In addition, the number of units concerned is
comperatively small. Thus, the possibilities of working with a more dynamic
model would seem to be favourable, There has, however, been very little
experimentation along these lines in countries where the usual assumptions

underlying input-output analysis may be so unrealistic.
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Viit. Country practices

53. The growing interest in input-output relations is evident from the number of
countries now engaging in these studlies. With certain exceptions the work is
veing carried on at an officisl level, in some cases, particularly in Burope, in
close association with the preparation of national income esvimates, The briefl
notes on country tables that follow can do no more than describe some of the main
features of the tables. In wany cases more detailed information is available
from the nationsl publicaticns cited below as sources,

54, In addition to the countries covered by the notes, several others have
prepared or are preparing inpulb-output tables. Among such countries, for which
published studies are not in most cases yet available so far as is known are
Belgium, Chile, Finland, Haiti, India, Ireland, Israel, Mexico, Poland,

25/

Puerto Rico, Spain, Sudan, Sweden, Tunisia, Yugoslavia and the USSR.

Algeria

An input-output table for the year 1954 prepared for the Ministeére de

1'Algérie has been published in an official study, Perspectives décennales de

développement €conomique de 1'Algérie, March 1958,

The table distiaguishes Bwenty-seven industries, of which five refer to

agricultural activities; the rows, however, are further subdivided, making a

26/ The Puerto Rican inter-industry study is described in detail in the article
by Amor Gosfield, "Input-Qutput Analysis of the Puerto Rican Economy" to
which refereace has already been made. The completed table itself, however,
is not shown in this source, although it is to be found as an zppendix in
How to Select Dynamic Industrial Projects, International Cooperation
Administration, Washington, D.C. The table, which refers to 1947-48, is
shown with thirty-four producing sectors. In India, a number of tables have
been prepared in the Planning Division of the Indian Statistical Institute
and are shown in its Working Paper Series, e.g. a 12 x 12 table for 1950-51,
a 36 x 36 table for 1951-52 and a 36 x 36 table for 1953-54 condensed from
a 116 x 116 sector classification of production. As regards France, input-
output tables of the usual kind have not been prepared, but for the year
1951 tables have been compiled which show the sales of forty-two sectors
by type of product and separately the products purchased by these same
sectors; an inpubt-output matrix cannot be derived from these tables because
the product classification cannot be reconciled with the industry
classification. See Tableau économigue de llannée 1951, Ministére des
affaires économigques et financiéres, 1957,
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table of 79 x 27. The basis for these subdivisions is the nature of the products
or services produced. For this purpose nine categories are recognized, viz.
agricultural raw materials, other raw materials, energy, intermediate goods,
intermediate services, foodstuffs, other consumption goods, final services and
capital goods. TFor each industry column, total inputs are summarized on this
basis at the foot of the table.

Total availabilities of intermediate and of final goods end services are
shown separately in special columns before the usual intermediate and final
demand sectors. The columns record individually domestic output, imports and
the trade margins on local production, imports and exports.

Value added by each industry is divided into seven components; the rows
concerned relate to wage and salaries, social insurance contributions, indirect
taxes, depreciation, subsidies, direct taxes and profits.

Because of the arrangement of the table, exports and changes in stocks are
shown separately for intermediate goods and for final or finished goods. Other
final demand sectors are combined public and private consumption, and fixed
capital formation.

Inter-industry transactions are recorded at purchasers' prices. Values are
alsc shown for intra-sector transactions. An inverted table does not appear to
have been published. A similar input-output table for the year 1967 in prices
of 1954 appears in the same source as a forecast of the economic situation at the

end of the planning period.

Argentina

As part of its study euntitled The Economic Development of Argentina issued

in 1958, the United Nations Economic Commission for Latin America has prepared

an input-output table for the year 1950, The tables distinguish twenty-three
industries, viz. agriculture, livestock, mining, fifieen branches of manufacturing,
construction, transport, communications and trade, electricity and sanitary works,
personal and financial services, and dwellings. The final demend sectors are
consumption (public and private), fixed investment, changes in stocks and exports.
The column for stock changes includes statistical discrepancies. ALl figures are

shown in terms of purchasers'® prices and intra-sector transactions have been

fooe
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included. The following primary inputs are shown: imports, wages and salaries,
and other incomes plus net indirect taxes., Imports are distributed according to
using industries,

The 1950 table is based on a more detailed analysis involving some

200 sectors,

éystralia

A forty-industry input-output table for the Fiscal year 1953-54 has been
published in an article entitled "New Aspects of Australia's Industrial

Structure” by B. Cemeron which appears in The Ecoaomic Record, Melbourne Univ.

Press, December 1958 issue., The table was prepared with the advice and assistance
of the Department of Trade and the Commonwealth Bureau of Census and Statistics.

Of the forty industries distinguished, two refer to agriculture (sheep and
other), three to mining, twenty-six to manufacturing, one each to electricity,
gas and construction, four vo transport (rail, road, air and coastal shipping),
one to trade and one to all other sevvices. Also shown separately are the
following primary inputs: wages, other factor income, depreciation, net indirect
toxes and imports. Imports have been divided into competitive and non-competitive;
competitive imports sre recorded as inputs into the competing industries while
non-competitive imports are treated as inputs into the industries where they first
enter domestic production. The final sectors shown are private consumption,
government consumption, fixed capital formation, changes in stocks and exports.

The table is shoun in purchasers' prices., Intra-sector transactions are
excluded; i.e, the principal diagonal isg left blank. The inverted ftable has been
published in the same source,

A summery twenty-industry table has also been calculated for this year and
for 1946-47T and 1955-56. For the year 1946-L7 a small research team at
University College, Canberra, produced a 106 industry by 266 commodity transactions
table to Test Tthe comprehensiveness and consistency of official statistics

(published in The Economic Record, December 1957). There also exists a matrix of

technical input coefficients based on 119 industrial sectors for 19535,
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gamada

Ao input-output table for the year 1949 covering forty-two industries in a
square matrix has been published in a study by the Dominion Bureau of Statistics,

The Inter-Industry Floy of Goods and Services, Canada, l9h9g Ottawa, 1956, The

clagsificabion of industries is on an establishment baslis and in close agreement
with the Canadian Standard Industraal Classification, Unallocated inputs and
outputs have been assigned to a row and column and are treated as one of the
industries.

Final demend is shown in five columns covering the usual categories, except
tnat fixed anvestment of general government is i1ncluded with governmeat current
expenditure rather than with other capital formation. The figures in the
inventory change column refer to The change in stocks of goods produced by each
ndvstry lrrespective of where the goods are held rather than to the change in the
industry's holdings of all goods; changes in an industry’s input stocks have
therefore been attributed to the industries in which the goods originated.

The rows for pramary inputs distainguash, besides imports, employee
cowpensation, corporate profits, other income, lmport duties, other indirect
taxes less subsgildies, and depreclation. Imports are distribubted according to
the 1andustries in which they are first used.

Intra-industry trensactions are included in the principal diagonal., All
values are in terme of purchasers’ prices, The inverse matrix has not been
calculated,

A revised version of the table ab producers! prices and the matrix inverse

are due to be published shortly in D.B.S. publication 13~513, Supplement to the

Toter=-Industry Flow of Goods and Services, Canada, 1949,

Colombia
An anput-output table for 1953 was prepared as part of the report, Analyses

and Progecbioneg of Economic Development: The Economlc Development of Colowbia,

United fations Hconoaic Commission for Latia Americe, 1957. The table, however,
dves not cover the entire national economy and relates mainly to manufacturing,
of which sixteen separate branches are distinguished. While sales to these

branches are shown, purchases not only from manufacturing but also from agriculture
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end mning are recorded, so that the intermediate fiow matrix comprises elghteen

rows and seventeen columns (one for intermediste sales to non-manufactucing

industries). For each of the eighteen rows output 1s divided into domesiic

production gnd imports., The final demand sechtors are exports, capitel goods,
durable consumers'® goods, non-durable consumers' gocds, and fuels and lubricants.
This last-named category is stated to have been included in final demand owing 1o

the impossibility of allocating fuel production among consuming industries.

Denmark

The two most recent input-output tables are for the yesrs 1947 and 1940 and

have been prepared in conjunction with the national income accommts. The tables

appear in Nalional Accounting, 1938 and 1947-5L, dtatistical Department, 1955.

The published tables cover twenty industries but sre based on invesbigatd
uging twenty-eight industries; the 20 x 20 tables treat wmanufscturing as a single
industry whereas in the twenty-eight-industry forwat sub-branches of manufacturing
are distinguished. For three of the iundustries, viz. domestic services, use Or
dwellings and government services, the whole of the value of production is charged
to consumption. The usval final demand sectors are shown except thaw private and
public consumption are combined and gross domestic fixed cepital Formation is
divided into eight distinet categories. Primary input is divided into imports
(allocated to users), indirect taxes, wages, other factor income and depreciabion
(1ncludaing maintenance end repairs). The inter-industry figures are shown in
terms of producers' prices except where producers distribute or transport Their
own products. Intra-industry ssles are included in the table, The 1947 table

has also been prepared in prices of 1949, The various tables have been inverte

e

but the i1nverse matrices have not been published.

FTor the pre-war periocd input-cutput tables were compiled for each year of
the 1920-1930 decade and form the basis of the nationsl income estimates. These
tables distinguish ten industries, of which four are further divided into durshle
commodities and non-durable commodities and services, resulbing in e 1L x 1L flow
matrix, Unlike the later tables, purchasers' prices were used and imports wers
allocated to the domestic industries producing similar goods, These tables have

not been inverted.
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A table for 1953 similar to the post-war tables described but in greater

detail is now being completed.

Italy

The most detailed study relates to 1950 and was prepared as part of the
U.8. Mutual Security Agency report, The Structure and Growth of the Italian

Economy, Rome, 1953, The basic input-output table is rectangular and comprises
200 product groups (rows) and fifty-six industries (columns), the rectangular
form being preferred so as to provide sufficient commodity detail to enable the
use of specific imports to be traced. Since the commodity classification used
permitted the commodities to be regrouped according to the fifty-six industries,
a square matrix could be derived. This inter-industry flow table was further
reduced to square matrices of twenty-two and sixteen industries, of which the
smaller was inverted. The usual final demand sectors are shown except that
separate columns are provided for stock increases and stock depletions (based

on inventory movements of individual commodities allocated to industries).
Individual primary inputs are not distinguished: one row shows the aggregate
value added in each industry., Imports are also shown but as a column rather than
row, so that imports (all of which are considered competitive) ere in fact treated
as negative outputs of the corresponding industries, Consequently, domestic
production rather than total availability is used as the denominator of the input
coefficients,

Purchasers! prices are used in recording transactions for statistical
convenience, No unallocated sector i1s used since unallocated outputs have been
transferred to the most likely consuming industries. Intra-sector transactions
are included in the table.

A regional model for the same year based on the twenty-two-order matrix has
been developed and is discussed in the same report. In this model Northern and
Southern Ttaly have been distinguished in order to trace the regional implications
of investwment programmes being undertaken in the south.

An 1nput-output table for 1952 has also been prepared and is published in
Relazione generale sulla economia del paese, presentata al Parlamento dal Ministro

del Bilancio, 31 March 1954, The 25 x 25 industry table is based on an
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unpublished rectangular table of 300 rows (commodities) and twenty-five columns
(industries), The 1950 study was followed in most respects in preparing this
later table.

The most recent table, also published in the Budget Ministry's Report to the

Parliament (1955), refers to 1953 and is similar to the 1952 version.

Japan

Tables have been prepared for the years 1951-1955 based on a detailed table
for 1951 prepared in terms of 527 x 182 industries and reduced to 182 x 182; the
summary version of the latter is a sguare table of thirty-six industries and has
been inverted., A similar thirty-six-industry table for 1954 in terms of 1951
prices has also been prepared. These tables were compiled by the Ministry of
International Trade and Industry. The basic 1951 table is described in
Interindustry Analysis of the Japanese Economy, MITI, Tokyo, 1958 (in English).

Another table for 1951 which distinguishes only nine industries was prepared
by the Economic Planning Board. An elghty-industry table for 1953 has also been
compiled by this agency. Only the earlier table has been inverted.

These various tables have been prepared in terms of producers' prices.
Inputs have been divided into competitive and non-competitive categories.

Whereas the Economic Planning Board studies charge indirect taxes to consumers,
they are charged lo industries in the tables of the Ministry of International
Trade and Industry. Except for the fact that industrial activity is classified
according to "ectivity" (commodity), the form and methods employed are understood
to follow closely the 1947 U.S. inter-industry study.

In addition to these tables, special Tables for various years have been
compiled, e,g., input-output tebles on a regional basis, inter-industry capital
account transactions and detailed sector accounts for agriculture.

Work is proceeding at the present time on a 300 x 300 industry input-outpub
table for the year 1955 under the direction of the Statistical Standards Bureau

of the Administrative Management Board.
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Netherlands

Input-output tables have been prepared for each of the years 1938 and 1946
to 1953 by the Central Bureau of Statistics and appear in various publications of
the Bureau, e.g. Nationale Jaarrekeningen, l9h8n50, 195% and National Accounts of
the Netherlands, 1948-19L49, 1952, While the tables often differ from one another

in certain respects, in general twenty-seven industries are covered of which
about fifteen are for manufacturing. For the final demand sectors additional
columns show government consumption, private consumption, exports, fixed
investment and changes in stocks; these sectors are broken down in varicus ways,
e.g. stock changes intec changes in work in progress, stocks in the hands of
producers and in trade. The rows outside the inter-industry flow maitrix proper
are usuvally twenty-two in number and refer to payments of various kinds to
government, consumers, rest of the world, capital account and insurance funds,
The most important of these actually allocated industry-wise are indirect taxes
and subsidies, wages, social insurance contributions, profits, imports,
depreciation and consumption from stocks.

Imported materials are allocated to consuming industries, whereas imported
final goods are routed tc final demand sectors separately through the indusiry
"commerce"., The tables are in terms of producers' prices. Intra-sector
transactions are included.

A number of tables with preliminary figures have appeared on a quarterly
basis in congunction with quarterly statistics of national income. In general
the work on input~output is pursued in association with the preparation of the
national accounts,

More detailed tables starting with the year 1948 are in preparation. These

tables distinguish fifty-three industries based on the ISIC.

New Zealand

A special study, Report on the Inter-Industry Study of the New Zealand

Economy in 1952«53, Wellingvon, 1957, has been published dealing with input-outputb

for the fiscal year 1952-53., In addition to giving a table of current account
inter-industry transactions, tables showing transesctions on combined current and

capital account and on capital sccount alone are provided. The 1952-53% current
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account input-output table 1s a revised version of a similar table first published
in the official national accounts report for the year 1955-56,

The tables distinguish twelve industrial sectors, viz. farming, forestry,
and logging, hunting and fishing, mining, primary produce processing, other
manufacturing, building and construction, public utilities, transport and
communications, wholesale and retail trade, banking and insurance, and services.
Transactions are given in producerst® prices, and values are included for intra-
sector transactions. The usual categories of final demand are shown, including
the change in stocks. The primary input rows comprise "sales by final demand
users" (purchases from households, public administration and defence), net
domestic output, imports (allocated to users), depreciation and net indirect
taxes. The inverse matrix based on the current account table is also shown.

Two methods of inversion were tried and it was found that the method of redvcing
a "bordered determinant" was greatly superior to the method of expansion by
"power series”.

In 1959 a comparable set of tables for 1954-55 was published under & similar

title. Recognizing the need for smaller and more homogeneous groupings, the

Department of Statistics is now planning a 40 x L0 industry table.

Norvay

Since work on input-output has always been pursued in conjunction with the
national income accounts, input-output tables have been prepared for every year
since 1930, Only the tables for 1948 and 1950 have, however, been published.
These appear, respectively, in National Accounts, 1930-1939 and 1946-51, 1952 and
National Accounts, 1938 and 1948-1953%, 1954, Central Bureau of Statistics, Oslo.

The table for 1948 distinguishes thirty industries and an unallocated sector.
Additional columns are shown for exports, government plus houschold consumption,
the change in stocks and gross fixed investment, which together make up the final
demand, Additional rows give imports (shown in two rows, one for all imports and
the other for commodlity imports excluding ships), wages and salaries,
entrepreneurial income, indirect taxes, subsidies and depreciation,

Inter-industry sales are shown at purchasers'® prices, Commodity imports are
allocated directly to users and are alsc recorded at purchasers! prices. Intra-
sector transactions are omitted. The corresponding inverse matrix has been

prepared but not published.
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The 1950 table covers twenty-seven industries but is based on an unpublished
78 x 78 industry matrix. The table for the later year is nearly identical in form

with the 1948 table, except that sellers' prices are used,

Peru

Tables for the years 1955 and 1956 are shown in the Central Reserve Bank of
Peru national accounts publication, Renta Nacional del Perd, 1942-1956, 1958,

For each of these years a summary 8 x 8 industry input-output table is shown which
can be reconciled with the national accounts statistics given in the same source.
A more elaborate input-output table is also provided for 1956 with twenty-five
industries, of which eighteen refer to manufacturing (treated as a single
industry in the summery table), Two final demand columns show the total of
consumption and domestic investment, inclusive of stock changes, and exports.
An additional column supplies the amounts incorporated in final demand for the
change in stocks. Eleven rows are devoted to showing the components of value
added, including depreciation, for each industry, and a twelfth row shows imports.
The tables appear to be in terms of producers' prices. The value of intra-
gsector sales is shown, The total value of imports has been divided between the

two industries, “"commerce" and "services". The tables have not been inverted.

Tanganyika

In order to determine the relative importance of inter-industry relations in
this country, an experimental 14 x 14 industry table has been prepared containing
tentative estimates for 1954k, The table appears in Peacock and Dosser, The

National Income of Tanganyika, l952~5h, UK, Colonial Office, 1958,

From the tables it appears that the degree of industrial interdependence is
small, with imports and factor services as the main inputs and with households

and exports as tThe main destination of cutputs.

United Kingdom

The latest table is for 1954 and comprises eleven major industry branches.
The classification accords with the U.K. Standard Industrial Classification, and

the following industries are distinguished: agriculture, forestry and fishing;
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mining and quarrying; chemicals and allied trades; metals, engineering, and
vehicles; textiles, leather, and clothing; food, drink and tobacco; other
manufacturing; building and contracting; gas, electricity and water; other
production and trade; and other industries. The industry "other production and
trade" covers transport and communication, distributive trades, insurance, banking
and finance and other services, while "other industries" refers to public
administration and defence, public health and educational services, ownership of
dwellings, domestic services to household and services to private non-profit-
making bodies,

The customary final demand sectors are shown as additional columns. The
figures for the change in stocks refer to the change in the stocks of goods
produced by the various industries or imported, the change in input stocks held
by each industry being removed in all cases to the industries of origin. The
column shows tThe value of the change in the stocks described, 1.e., an adjustment
for "stock appreciation” has been included. The adjusting figures are given in a
separate column for reference.

Four rows are shown for primary inputs: imports; income from employment;
gross profits, other trading income and rent; and net taxes on expenditure.
Tmports are allocated directly to the using industry or to final demand.

Intra-sector transactions are excluded. All values are in bterms of
producers' prices,

The table in question and 1ts inverse appear in the 1958 report on National

Income and Expenditure issued by the Central Statistical Office. The concepts

and sectoring are consistent with the national income accounts. A description

of the tables is to be found in National Income Statistics, Sources and Methods,

Central Statistical Office, London, 1956, Pp. 52=55, A similar table for 1950
appears in the 1955 and 1956 national income reports.

Apart from the work of the C30, the Board of Trade and the Department of
Applied Bconomics of Cambridge University have been engaged in preparing a large
1948 table, originally planned as a LOO-sector table. Up to the present time
only a table with fifty producing sectors has been published (I.G. Stewart,
"Input-Output Table for the United Kingdom", The Times Review of Industry, London

and Cambridge Economic Bulletin, new series No. 28, pp. vii-ix). The entries in
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this table are at purchasers' values., For imports a distinction is made between
those which compete and those which do not compete with home production.
Competitive imports are shown as a negative item of final demand for the products
of the domestic competitor, who consequently is treated as distributing the total
available supply. Non=-competing imports are charged directly to the using
industry or to final demand. The corresponding inverse matrix has been calculated
but not published. A summary 8 x 8 industry table for this same year originally

appears in National Income and Expenditure, 1946-1951, 1952,

The first input-ocutput study for the United Kingdom was the work of T. Barna
and the resulting tables, which referred to the year 1935, were published in
T. Barna, "The Interdependence of the British Economy", Journal of the Royal

Statistical Society, Series A (General), Vol. CXV, Part 1, 1952, pp. 29-81l.

United States

The last official study of inter-industry relations is for the year 1947.
The work was carried out mainly at the Bureau of Labor Statistics in collaboration
with other interested federal agencies. A detailed description of the 1947 table
is given in the article by Evans and Hoffenberg, "The Inbterindustry Relations

Study for 1947", published in the May, 1952 issue of The Review of Economics and

Statistics.

The basic data were couwpiled in terms of 500 sectors approximating the
four-digit level of the U.S. Standard Industrial Classification in manufacturing
areas, with broader aggregation for other activities. No single teble covering
the 500 sectors has, however, been published because of the space which such a
detailed square table would reguire; the largest version which has been made
available is a table of some 200 sectors. The article referred to above presents
a table comprising forty-five processing industries and it is this table which is
best known., This summary table will form the basis of the comments below, and
readers are referred to the article for further details,

Five final demand sectors are shown in addition to the forty-five industry
branches: additions to stock, exports (including invisible earnings and foreign
investment income), government, gross private capital formation and households.,

The corresponding input rows cover stock depletions, imports, govermment,
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depreciation (left blank and included with households) and households. The
entries in the row for government refer primarily to taxes and miscellaneous
receipts. The household row covers, in addition to depreciation and other capital
consumption allowances, wages and salaries, interest payments, payments for
entrepreneurial services, and some other minor income payments, Most imports are
regarded as competitive and therefore recorded as inputs into the competiang
industry, which is then shown as distributing them along with domestic production:
only coffee, cocoa beans, jubte, burlaps and tea are regarded as non-competitive
imports, and these are shown as inputs into the industry where they first enter
domestic production., The row includes, in addition to merchandise imports f.o.b.,
foreign ocean transport, travel abroad, gifts and other unilateral payments.

The input-output table includes intra-sector transactions. All figures are
in terms of producers'! values. One of the sectors is & synthetic industry
labelled "undistributed" and consists of production costs (shown as a row) and
sales (shown as a column) which could not be allocated according to supplying
and purchasing industries. The inverse of the table has been published and
appears in the aforementioned article.

In addition to the 1947 study, earlier tables for 1919, 1929, and 1939 were
prepared under the direction of W.W. Leontief. The 1939 table was compiled in
terms of ninety-six sectors and later reduced to forty-two sectors, in which

form it was used mainly. The tables are contained in W.W. Leontief's The Structure

of American Economy, 1919-1939, Oxford University Press, 1951,
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Appendix

A Note on Linear Programming

Closely allied to input-output as an lnstrument for planning economic
development is the technique of linear programming, which postulates a given
set of economic variables subject to certain constraints which may be equalities
or inegualities, for instance that at the target total exports equal imports, or
resources for gross capital formation are not 10 exceed a predetermined figure.
The problem is conceived as that of finding the values of the economic variables
which, subject to the constraints, afford the maximum or minimum of a prescribed
function (the "target function"), for instance total value of consumption
(as a maximum). All functions involved are linear in the economic variables.

The mathematical formulation is very simple. There are n variables

X, s XE; soay xn, with k constraint equations
n
(1) J«\f.lleXJ s bi s 1= 1,2,.00, k, k < n,

and m constraint inegualities

(2) g, X, S; ¢, , i=21,2,..., m.

s}
(5) v o= }: a.x,

All the coefficients a,b,c,p,q, are presumed to have given numerical values,
positive or negative. The problem is to find the positive or zero values of the
variables x which yield a maximum or minimum value of u according to formula (3),
and, of course, the optimum value itself. Mathematically speaking, the problem
of finding a maximum or a minimum is identical, since the minimum problem can
be converted into the maximum by changing the signs (% or - ) of the

if

coefficients a5 in (3). The " < symbol is also quite general, since an
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econcmic formulation which prescribes " .~ ™ can be converted to " N\ " by
7

changing the signs of the coefficients and of the ci involved.

Typically, most of the constraints in the form of equations are furnished
from a suitable input-output table which, in the application of the technigue
in countries at an early stage of economic development, may be partly
hypothetical, as distinct from actual, e.g. based on engineering data for
planned industries. The varisbles x in this case would be the value of ocutput
of the respective industries and some of the constraints (1) would assume the
form

(&) X, = a..x, -F, iz 1,2,.0., v ,
where ¥, is the final demand (which may be analysed into its constituents) and
r the number of industrial sectors. The dij are the input-output coefficients.
There will usually be other equations in the system (1), e.g. capital-output
ratios for scme or all industries, perhaps in the form of a given value of the
ratio of annual capital formation to change in output.

To be realistic the system must contain many variables and constraints;
as a matter of fact the mathematical formulation must be a fairly complete
conspectus of the planned economy of the country. OFf course, the linear
programming technique can be applied for special purposes to sections of the
economy: it is now fgirly widely used at the individual factory or farm level
for determining most profitable combinations of gctivities given certain
constraints. For national economic planning it is necessary, however, to take
the global view, though simplifications can be made by the omission of
variables of lesser importance or by their absorption in larger groups.

The most commonly used technique for the solution of the linear programming
problem is termed the Simplex Method, due to G.B. Dantzig.* According to
this method, inequalities (2) are converted into equalities by the introduction

into the left side of each of an additional non-negative variable so that the

system becomes

* "Maximisation of a Linear Function of Variables Subject to Linear
Inequalities”, Activity Analysis of Production and Allocation,
T.C. Koopmens, Editor (1951).
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n
(5) X, g 7 ;g:qij xo= e 121,200, u,
J=1

the new variables being the x Yt often termed the "slack variables". The
system then contains n / m variables constrained by k / m equations (1) and
(5). It is easy to show that the final solution will be found to consist in
not more than k £ m variables with positive values and the remaining n - k
(or more) variables zero. The complexity of the problem arises from the
necessity of making the selection of variables, for if one knew the identity
of the maximising variables in advance, the ascertaimment of their actual values
would merely be a matter of solving a set of simultaneous equations. One is,
however, faced with a choice of a particular set of variables amongst
o % an % m possible combinations, usually an astronomically large figure. The
Simplex technique was designed to make the choice systematically.

This technique consists in starting with any set of k / m variables with
positive values (called the "basis"), the remaining n - k being zero. Subject
to this condition the actual values are found from the k % m eguations (1) and
(5). The corresponding value of u is found from (3). In general, this first
value will not be the required maximum. According to rules laid down, an exchange
is made between one variable in the basis with one outside in such a way as (in
general) to increase the value of u. One has then a new basis of k % m variables,
on which the procedure is repeated. Ultimately a stage will be reached for which
tests that are available will show that the maximum has been attained. Of course,
the foregoing account is on the broadest lines with no qualifications as to
special situations, for which recourse must be had to the literature.

The volume of calculations reguired for the Simplex solution of a linear
programming model with any pretensions to exhaustiveness is exceedingly large
and would be impracticable unless an electronic computer were available. The
linear programming approach has just the advantage that it enables a global view
to be taken. One can be duite certain that, within the constraints, one has
achieved the best solution. With the input-output table alone and with
assumptions about development of the different industries it is pousible to
check for, and to correct for, inconsistencies in such a way as to attain

balanced development. The process is essentially one of trial and error;
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however, even when a balanced plan is attained , there is no assurance that it

is the best plan, given rescurces. On the other hand, the trial and error

method may be more flexible than that of linear programming by meking it possible
$to attain more than one economic or social objective (good if not the best) and,
in the working, throw much light on the detailed evolution of the plan. According
to the Simplex procedure, when the problem has been set up more or less in the
manner indicated above, the solution is automatic: no special economic
significance attaches to the steps from one basis to the next.

As with all planning and forecasting procedures it is easy to point to the
weakness and deficiencies of the linear progrsmming approach. As already
observed, it postulates a single function of predetermined form to be maximized
or minimized whereas the objectives of a plan may be many (and even conflicting ),
maximum rate of increase in consumption or capital formabion, full employment,
"equitable" income distribution, "equitable" distribution of capital between
econcmic and social objects and all the rest. It may be guite impossible to
Tormulate many of the objectives of policy in statistical terms though economic
considerations alone may lead to the removal of some of the more obvious
conflicts in objectives. The single function to be maximized may be made a
composite one, weighted in some way, e.g. by economic and social values, but the
resulting function will of necessity be somewhat arbitrary and so will the
solution. The proponent for linear programming will argue that all desirable
cbjectives cannot be attained simultaneously and that he is prepared to write
into his constraints in modified form the prescribed desiderata, e.g. that
employment should exceed nine-tenths of the projected labour force, his targe?d
function being consumption per capita (to be maximized). OFf course, every active
constraint introduced diminishes the ultimate target value (if this is a
maximum ).

Another objection to linear programming in its macro-economic application
is the very large number of assumptions involved in its application, in fact
all the coefficients etc. of the type specified above. It is, however, a
weakness in all systems that so much data must be assumed given in advance. One
can only hope that as the actual linear programming solution involves so few

variables compared to the amount of data that variaticns within fairly relaxed
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limits in the latter may not affect the final result too seriously. This, of
course, remains to be seen.

In a certain degree the Simplex procedure can be used to control scme of
the basic assumptions - those in the constraints initislly involving inequalities,
i.e. as specified by (2) gbove. In the final solution some of these will be
active, i.e. the sign of equality will apply, the corresponding slack variables
being zero. It is certain that if the prescribed constants cy in the active
constraints could be changed in the right direction the target function could
be improved; not only this, but the Simplex technique shows by how much. For
example, if one of the active constraints is related to maximum permissible
imports of steel it may be possible to say that an increase of $1 in steel would
result in $2 increase in the target function, whereas an increase of $1 in some
other active constraint would increase the function by only $l/2o It may be
practicable to redistribute the constraints so as to improve the target, e.g.
in the example by increasing the limit for imports of steel and lessening it in
the case of the other constraint at no extra cost toc the economy.

As a very interesting recent application of the linear programming technique,
reference may be made to the long-term planning model for India constructed by
J. Sandee, United Nations Technical Assistance Expert.¥ In Mr. Sandee's model
(the experimental character of which he emphasizes) there are 30 variables,

16 equations and 35 constraint inequalities. The target function is material
consumption. The variables, all related to increases between the years 1960 and
1970 at constant prices, include agriculture, large-scale food manufacturing,
steel, fertilizer, housing etc. as well as consumption (the target function) C
and investment I. Most of the coefficients in 12 of the 16 equations are the
coefficients of an Indian input-cutput table for 1953-54. The four investment
variables (heavy equipment, other equipment, construction and increases in stock)
are based on capital-output ratios, so that increases in investment categories
are linearly related to output. That increase in agricultural output is deemed
to be dependent only on fertilizer, irrigation and agricultural instruction

furnishes the thirteenth equation. The last three equations express the

* "A Long-term Planning Model for India", prepared for the Government of Indis
by J. Sandee, appointed by the United Nations Technical Assistance
Administration (Report No. TAA/IND/22).
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condition that there would be no change in the current foreign trade balance
between 1960 and 1970 that global increase in investment equals the sum of
sector constituents and that increase C in consumption equals the increase in the
six commodity groups taken into account.

The first group of inequality constraints relates to foreign trade.
£dditional imports of steel and equipment are not to exceed one quarter of
additional domestic output of the respective products. One very important
constraint is T S; 0.32C. Several coustraints pertain to the consumption
pattern, upper and lower limits being imposed to give this pattern an Engel
lock. ILower limits are set on consumption from products of large-scale industry.
Tinally, limits are imposed on increases in irrigation, fertilizer and agricultural
instruction, on grounds of practicebility. The computations to obtain the optimum
were executed on the electronic computer of the Indian Statistical Imstitute.

On the assumptions of the model, consumption would rise by more than
60 per cent in the ten years. Output would increase to much the same extent in
agriculture, large-scale food manufacturing, steel, transport, large-scale
industry, comstruction and housing. Very much larger percentage increases
would be reguired in heavy engineering, fertilizer, electricity, equipment and
agricultural instruction.

There are 14 active constraints, of which 6 relate to foreign trade.

Tmports of steel and heavy equipment are at their permitted maximum. For the
other four commodities, exports are pushed to the limit. £ course investment

is at its maximum. Five constraints set a lower limit on consumption. Fertilizer
output and agricultural instruction are also at their maximum.

From the 16 original equations together with the 1L equations afforded by
the active constraints (in which the slack varisbles are zero), i.e. 30 linear
simultaneous equations in all, the values of the 30 variables were obtained.
These are the values which, within the constraints, yield the largest possible
increase in consumption. The solution is displayed in the form of a table
showing in crores (10 millions) of rupees the increase in output and investment
between 1960 and 1970 in 14 sectors, in the form of a partial input-output table.

In Mr. Sandee's view the plan derived from the model is not its most

interesting result since "any reasonable model will produce g plan which after

Jues



E/CN.3/266
English
Appendix
Page 7

some adjustments will be more or less acceptable'. The strength of a model
lies in its ability to show how a plan depends on 1te assumptions, i.e. how the
plan is affected by changes in these assumptions. To this end he inverts the
coefficlent matrix of the 30 equations yielding the optimum solution. This

shows, for example, that the target function (one of the 30 variables)

(6) C = 633 / 0.630d, £ 0.777d,, £oaee = 1.625dl - 19477d18 £ oeee,

7

where the d's are assumed changes in the constraints of the equations, dl

rertaining to agriculture, dE to large-scale food manufacture, ..., d17 to
exports less Imports of agricultural products, dl8 to exports less imports of
mapufactured food, ...

The constraint term 6,331 is, of course, the optimum value of the increased
consumption (excluding electricity deemed autonomous at 150 crores) between
1960 and 1970. It may be inferred, for example, that if the economic situation
in 1970 were such as t0 permit a decrease in exports of one crore of manufactured
food, the consequential increase in consumption would be 1.477 crores.

The author applies the coefficients in (6) to answer such questions as:
would it be to India's advantage to substitute home-manufactured oil (from
coal produced in India) for imported 0il? Large capital investment would be
reguired. The answer is No, since while the diminution of imports in
consequence of the elimination of o0il would increase welfare by 11 crores, home
manufacture would diminish welfare by 48 crores, a net loss of 37 crores. On
the other hand replacement of imported copper by home-produced aluminium would
have little or no effect on welfare.

Mr, Sandee is careful to emphasize that the inferences to be drawn from
the model are only as relisble as the data on which it is based, though he adds
that many of these are the data used in connexion with the National Plans. This
reservation applies to all economic development plans. He would probably agree
that linear programming is only one approach to national planning. He has found,
in fact, that the linear programming optimum is quite close to that found by the

plamning staff using more elementary methods.
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