INPUT ~ OUTPUT ANALYSIS

2.1 The Structural Nature of an Input - Output table

2.1.1 What is input - output ?
An input - output table can be regarded as a

collection of data describing the particular structural characteristics
of an economic system, and/or as an analytic technique for
explaining and influencing the behavior of the system at a certain
point in time or over the course of time. The basic notion of input-
output analysis rests on the belief what economy of any country can
be divided into a distinct number of sectors, called industries
(or sometimes 'activities') each consisting of one or more firms
producing a similar but not necessarily homogeneous product. Each
industry requires certain inputs from other sectors in order to
produce its own output. Similarly, each industry sells some of
its groes output to other industries so that they too can satisfy their
intermediate material needs. The input - output table provides a
convenient framework for measuring and tracing their interindustry
flows of current inputs and outputs among the various sectors of

the economy.

2;1.2 The make - up of a typical table

In table2.l we have a representation of the structural



make - up of a typical input Output table. Most of the important
information contained in the table is located within the three
1/

main quadrants; ~ the ‘Interindustry Transactions' quadrant 1, the

Value Added' quadrant 2, and the 'Final Use' quadrant 3.

The producing sectors of the economy are listed as rows
1,2, ...n, in the transactions quadrant while these same industries are
also listed by column an using sectors. The transactions quadrant is
thus always a 'square' matrix with the same number of rows as
columns, one for each sector of the economy. Reading from left to
right along any row, say 2, which represents sector or industry 2,
we see that part of the total output of sector 2 is sold to the
other sectors for intermediate use in the production of their own
output (e.g. cotton growers sell their output to the textile
industry who use this raw material input to produce cotton fabrics).
Reading down any column in the transactions quadrant, we note that
each particular sector (sector 2 ) also uses the outputs of other
industries as material inputs for its own production (e.g. cotton
growers purchase fertilizer and chemicals to increase and protect

their per - acre cotton yield). In short, rows designate outputs,

1/ Micheal P. Todaro, 'Development Planning : Mpdels and Methods',
Oxford University Press, 1971.
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Table 2-1 The Make - up of a Typical Input - output Table
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columns represent inputs, and each sector is both a user of inputs

and a producer of outputs.

Turning to the final use quadrant, we see that the outputs
of each sector are also normally demanded for ultimate use in the
form in which they are produced, e.g. as final demand products which
are consumed for their own sake and not for use in further
production. They may be purchased as consumption goods by individual
consumers or by the central government, as investment goods by the
state or by private investors; or they may be sold to foreign demanders
in the form of exports. The horizontal summation of the outputs of
sector 2 sold as intermediate goods to the other sectors plus the
output sold to private, public and foreign final demanders yields

the total output of sector 2.

Reading down columns 1 to n in the value added quadrant
we obtain information about the amount of primary inputs ({.e.
employees incomes, indirect tax, depreciation etc.) used by each
sector in the production of its output. For any particular sector
the elements in each column of this quadrant when added to the
elements in the corresponding column of the transaction quadtant
immediately above yield a value for total inputs purchased or

used up by this industry during the accounting period, i.e. the
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total costs of operation. For each sector, the value of total

output must equal the value of total input.

2.1.3 A hypothetical example.

Let'us turn now to an input - output table using
hypothetical data and review the above procedures with the aid of numerical
figures table a2.2 provides such a nunerical illustration of
the basic input - output accounting system. For simplicity, we have
divided our table into only 5 sectors (agriculture, sector 1 ;
mining,sector 2 ; manufacturing, sector 3 ; transportation, sector

4 ; and service, sector 5).

Note that each sector appears in the accounting system
twice, as a producer of outputs (rows 1 to 5) and as a user of inputs
(columns 1 to 5). The elements in each row show how a particular
sector disbosed of its total output during the given accounting
period. For example, of the total available output of agricultural
products (125 units), 15 units.are used by agricultural itself, 20
uakts by manufacturing, and 10 by service. The total intermediate
use of agricultural products, i.e. use for further production, is
45 units. To this figure must be added the quantity of agricultural
goods demanded by final users which in our table consists of the
private consumption expenditure of 35 units, the government consumption

expenditure of 5 units, the gross capital formation of 10 units and



-13-

exports to foreign countries of 30 units. The sum of total intermediate
and total final demand yields a gross output for agricultural production
of 125 units. Similarly, the mining sector produce a total output

of 40 units of which none is sold on an interindustry basis to

other sectors while 10 units are purchased for gross capital

formation and 30 units are exported. The total disposition of

the total outputs of the qther,three sectors can be read off the

table in the same manner.

The role of the agricultural sector as a purchaser
of inputs is shown by column one. Reading down this column we see
that in order to produce its total output of 125 units, agriculture
had to use 15 units of its own output (e.g. using a portion of
cereal seed for replanting), 10 units of manufacturing output (e.g.
fertilizers, insecticides, etc.), 5 units of tramsportation (e.g.
for transporting perishable goods to local markets or to the coast
for export), and 5 units for service. Thus the total domestic
interindustry purchases of intermediate material goods and services
by agriculture was 35 units. The remaining 90 units of total inputs
purchased consisted of the importation of 15 units of foreign goods
and the creation of 75 units of value added in the form of
payments of 40 units to households as wages, 20 units to the

government as taxes, 5 units for the use of capital (depreciation),
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Table 2-2 Hypothetical Input-output Table

Intermediate Use Final Use (Demand)
Producing —>
Sectors g 3
Outputs ) - f » 5
Using A s m 7 m .m .m m. ..m..m a8 - ..md &
Sectors + - & i lmd mv g & g3 8 - 3
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Agriculture 15(x17) 0(x1,)20(x, 5) of:ﬁc?pm?m.mm& 33 5 10 30 [Bo(F)[125(X))
Mining 0(xp7) 0(x55) 0(x53) O(x5)) 0(x)c) o%wmu 0 0 10 30 |LC(F,)| Lo(X,)
Manufacturs SQBV o?umvmm?uuﬁm?urv m?umumm. mwwu 1> S 20 § rm:.,uv Hoocmv
| Transportation mAerVHmAxerHmAxruv oﬁxrrvaANrmvmowmwru S 10 10 0 mmﬁwrv umAMrv
: 5
S i 3
ervice m?mpﬁo?mmﬁm?m% ocw:v m?mmamwwn& g 2 8 o© Hm:,mv mo?mv
Total Purchases 35 25 75 15 35 185 60 52 22 65 | 205 390
Imports 15 0 10 30 5 6C
Employees Incomes roAm.v 5(Lp) 6(L3) 5(Ly) 2(Lg) 58(L)
Indirect Taxes 20 5 3 7 2 37
Depreciation 5 3 S 12 L 29
Profits 10 2 : & 6 2 21
Value Added > 15 15 30 10 (1LS
Total Inputs 125 Lo 100 75 5C  |390
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and 10 units for the profit of the entrepreneur. It is immediately
evident that the value of the total output of agriculture is

equal to the total value of all input purchased, i.e. 125 units. This
same procedure can be followed in analysing the input - output

structure of each and every sector of the economy.

So far, we have been conéerned primarily with a
descriptive explication of the input - output table. Even if input -
output were used only as an accounting mechanism, its highly
interdependent, disaggregrated contents would still represent a
descriptive tool of considerable analytic value. However, the major
theoretical and practical value of input - output tables is that
they can easily be transformed into a consistent mathematical model
and utilized either as 2 forecasting tool to predict the effects
of autonomous changes in final demand on total output and employment
in all sectors of the economy. In order to tranform the accounting
table into a workable mathematical model , however, certain necessary

assumptions about the production process must be made.

2.2 The Economic Model

An economic model is based on three sets of relation:gj

2/ Schaffer W.A., ' On the Use of Input - Output Models for Regional

Planning', Martinus Nijhoff Social Science Division, Leiden 1976.
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1. definitions or identities. 2. technical or behavioral conditioms,

and 3., equilibrium conditions.

2,2,1 Identities: the transactions table
The transactions table provides set of identities.

It can be defined in terms of the following equations.

x + X + x + x + x +F1 = X

11 12 13 14 15 1
X5 *Xobw, F=Ex,, +F, = X
X51 * X5/ Y ¥a %oy K& +F = Xg

2.2.2 Technical conditions : the direct requirements table
The crucial assumption of input - output analysis is

the assumption that a single process production function exists in
every industry. The first is the assumption that each commodity
produced by a single industry ; it follows from this that there is
one method of production in each sector with only ome primany output
or no joint produstion. The second is the assumption of constant
returns to scale. Technically we may say that the production
process is assumed to be characterized by the existence of constant
‘technical coefficients of production', i.e. each additional unit of
new output is produced by an unchanging proportional combination.of

material inputs from the other sectors.
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Stated mathematically, aij = xij/'§ om E R caans (B)
k|

i

B R 18

The matrix of technical coefficients of production
with 5 sectors would consist of 25 technical coefficients which

can be arranged as follows:

Table 2 - 3 Matrix of Technical coefficients

QUTPUT INTERMEDIATE DEMAND ;
é. 2. 33- 4: 5.
& a 3 o
= pr \ 3} o Q
B o o) o Ou 13}
= = 5 3 a s
&
ST AN\ T
2 = ;% [ %71
wn
E 1.Agriculture a;; A, ajq 814 215
- -
S 2,Mining a5 39 ay3 24 A5
[
ﬁ 3.Manufacture 23 a32 a33 a34 a35
% 4 .Transportation a1 %2 8,14 3 45
1 5.5ervice a51 a52 353 a54 a55
Substitute xij = aijxj into equation (1)
allxl + alzxz + a13é3 + aMX4 + alSXS + Fl = X1
a21X2 + azzxz + a23X3 + 324X4 + aZSXS + FZ = X2
e e 00 so ee e e oo + ° o = e (3)
a51X1 + a52X2 + asax'3 + asaxA + assx5 + F5 = XS
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This set of equations can be expressed in the form

of matrices and vectors:

/ N /7 i % Ve N 7o -
Xl a11 a12 T a15 X1 Fiw

LR ) +
X2 i 321 a22 s vn 525 % X2 F2
xs a51 a52 . e 000 355 AS FS
~ / \ J o \ /

The block of terms in 'a’ are the entries in the
matrix A and the above czn be simplified to yield the basic input -

output accounting system.

X = AX + F (5)

Using equation (2) to calculate the a,, 's for hypothetical

ij
5 sector input - output table, we can arrive at the following 'A’

matrix of technical coefficients of production.
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Table 2~4 The 'A' Matrix of Technical Coefficients

for Hypothetical 5 Sectors Economy.

(Direct Input per unit of OQutput)

INTERMEDIATE INPUA'G—————-INPUT

OUTPUT ———— INTERMEDIATE DEMAND

2. 3. oo iy
b

o ) o

) 5 3

& Lo M

~ Q (o] (U]

= ) @ a Q

3] =] Yel 7] o~

o o 3 &

: : : : :

< 2 g = 7]

Z 2
1.Agriculture 15/125=.12 10/40=0 20/100=,20| 0/75=0 10/50=,20
2 .Mining 0/125=0 0/40 = 0 | 0/100 = 0| 0/75 = 0| 0/50=0
3.Manufacture 10/125=.08 |0/40=0 25/100=,25| 15/75=.2| 5/50=.30
4 ,Transportation |5/125 =,04 15/40=.37?15/100=.15 0/75=0 {15/50=.30
5.8ervice 5/125=,04 10/40=.25 {15/100=.15| €/75=C 5/50 =,10
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Table 2-5 The ‘A' Matrix of Technical Coefficients

for Hypothetical 5 Sectors Economy.

(Direct Input per 1000 units of Output)

OUTPUT INTERMEDIATE DEMAND
5
" b
: : :
& 2 o 3 v
El =3 o0 ) a 9
= o [~ Y 0 ot
. T 7 2 § 4
2 g S & a
& |1.Agriculture 120 0 200 0 200
% 2 .Mining 0 0 0 0 0
=]
< |3.Manufacture 80 0 250 200 100
g 4.Transportation| 40 375 150 0 300
=3
2 |5.service 40 250 150 0 100

2.2.3 Equilibrium condition: supply equals demand
The analytical and mathematical content of the input-

output model rests on a dual foundation. The first consists of a
set of accounting equations, one for each producing sector of the
economy. The first of these equations states that the total
output of sector 1 is equal to the sum of the seperate amounts sold
by sector 1 to the other industries plus the amounts produced to
satigfy final demands. The second equation say the same thing for

sector 2 - and so on for all n industries. In terms of our input-output



table these equations state that for any secﬁor total output is
equal to the sum of all the entries in that sector's row in the
table. Thus, an implicit assumption of input - output analysis
common to all general equilibrium models is that in all sectors the
entire product produced is cpnsumed either by other industries as
intermediate inputs or by final demanders. In short, supp}y always

equals demand.

2.3 The Inverse Hatrigzﬁ

The input structure discussed in the previous
section show what each sector requires to produce its output but it
tells nothing about the further effect. The effecL of the production
of a motor - vehicle does not end with'the steel, components and
tyres purchased. It begins a long chain of production since each
of the products purchased will, in their turn, require various
inputs; production will be required in some industries not directly
supplying the motor industry and the direct suppliers may be

called on also to supply other industries.

It is thus possible to define two types of inputs,
Direct inputs are those purchased by the industry under consideration;

indirect inputs are those purchased by all industries in which

3/ United Nations, 'Input-Output Tables andAnalysis'. New York, 1973.
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production is required in order to supply inputs to the first industry. It
can. be seen from Table 2-5 that 1000 units of final demand in agricultural
products require 120 units of agriculture sector, 80 units of manufacturing
sector, 40 units of transportation sector, and 40 units of service

sector. But the production of 120 units agriculture sector require

some units of manufacturing sector, transportation sector, and service
sector, all of which in turn will generate other inputs from all Sectors
from Eable 2«4 , -2-5 these direct and iﬁdire;t requirements can

be traced through the system, and it is possible to know the full

impact of production in each of the sectors on the other sectors.



Table 2 - 6 Direct and Indirect Inputs

Producing Sector |Initial | Direct Jadieect toputs fotal
Output Inputs | Roundl {Round 2 |[Round 3 | Round4 | Round n

1. Agriculture 1000 120 38.40 | 17.00 | 8.10 F. 902 1190

2. Mining 0 0 0 0 0 0

3. Manufacture 80 41.60 | 19.90 |10.13 4.97 160

4, Transportation 40 28.80 | 14.0 |[6.64 3.24 100

5. Service 40 20.80 9.90 14.66 2.31 80
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The direct input requirements of 1000 units of agriculture sector
are shown in the second column of Table 6. The indirect input
requirements of the first round can be derived from technical
coefficients of Table 4 and direct input components of Table 5.

Table 2 - 7 Indirect Inputs (Round 1).

lAgriculture| Mining Manufacture] Transportatiion Service
Producin ‘
Sector
{ Direct By PR o ;

Inputs 1) 2 | 3=1x2 | 4 |5=1x4 | 6} 7=1x6 3 {9=1x3 19 {11=1x10
120 C.12 14.4 0 0 {o.04 9.6 DP.04 4.80 lz.oa 4,80 "'
0 o] o J&Es=d0{ 0 Pp.3P5 0 250 0
80 .20} 16,6 | 01 0 lo.24 20 Db.1$12.0 fo.15] 1.20
40 o} &l 640 !fo.zc 8.0 |0 0 0 0

E 9 ?
40 b2of 8.0 | o] o fod 4.0 p.3g 12,0 4.0 !

; |

| | | |
Total | 38.4 0 | 14.6 28.8 20.8 |

: s

; | %
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The second round of indirect inputs is calculated
in the same way, the successive rounds rapidly diminish and we can

calculate the full impact of the demand for 1000 units of outputs

of agriculture sector.

The most convenient way to obtain these results is to

use the basic equation (5) and to solve this for X as follows:

X=AX +F
X-AX = F
(I-MX =F
X (1 -8 (6)

-1
The matrix, (I - 4)° is known as the Leontief inverse

or the matrix multiplier (an analogy to the Keynesian multiplier).

The matrix (I - A) is formed and inverted, yielding the
matrix in Tabl~ 2 - 8
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Table 2 ~ 8 The Inverse Matrix, (I - A)-1

s o
L{riculture Mining Manufacture, [ Trans
Agricﬁltu:e 1.19 0.1: 0.40
Mining 0 1.00 0
Manufacture 0.16 0.19 1.50 0.30 0.30A
Trandportation 0,10 0.50 0.32 1.06 0.41

ervice 0.08 0.31 | °-.2,7....‘,_1g L N e

The columns of this matrix show the total input
requirements, both direct ant indirect, of one unit of output of
the five sectors. From Table2w6 the 1000 units of final demand
in agricultural produé-t's multiplied with the first column
Slving the same result obtained in Table 2.9 It will be noted
that the entries in this matrix are cofxs’iderably larger than
those in Table 3-4showing direct inputs; the difference between

the two are the indirect inputs.
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Table 2 ~ 9 Direct and Indirect Inputs.

Aibauiiuts 1.19 x 1000 = 1190
Mi‘ning 0x1000= 0
Manufax;ture 0.16 x 1000 = 16
Transportation ] 0.10 x 1000 = 100

Service k 0.08 x 1006 80

This inverse matrix (I~A)-1 s is fundamental to

input - output analysis as it shows the full impact of the

demand for the output of each sector on all the other sector.

With such a matrix it is possible to unravel the technological in
interdependence of the productive system and to trace the generation
of demand from final consumers back throughout the system,

It s theﬁ possible to celculate what output levels would be
required to meet various postulated levels of final demand and
consequently how output levels wo;xld be required to chamnge to

meet postulated changes in final demand, such as change :Ln

private consumption expenditure.

-
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Table 2 -~ 10 Primary Input Requirements

Item Direct&Indirect Primary Input|Primary Input
Input for 1000 Coefficients |Requirements
units Final

Demand of Agri.

~. | Products b % _ e
Sector (1) (2) (3)=(1) x (2)
Agriculture 1190 90/125=0,72 856
Mining 0 15/40 =0.375 0
Manufacture 160 25/100=0,25 - 40
Transportation ‘ ~ 100 60/75 =0.80 80
Service 80 15/50 = 0.30 24

10GG

The output of product required were calculated in
iable2.9and are shown in the first column of Table 2,10Each of the
producing sectors will require primary inputs to produce its
required output. The primary input coefficients of each sector are
calculated from Table2,2and shown in column 2 of Table2,10, The
third column is obtained as the product of the first two columms and
shows the primary inputs required by each of the five sectors, It
will be noticed that the total primary input requirement is 1000
units exaxtly equal to the level of final demand assumed in the

example,

2.4 Ecomomic Change in Inpnt-Ouegut-uodelu

An input - output model is designed to trace the

effect of changes in an economy which has been represented in an
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input - output table. Such models show the consequences

of change in terms of monies through an economy and in terms of
incomes generated for primary resource owners. The models
themselves do not show the causes of change; these causes are

exogeneous to the system,

Economic change as traced through an input -
output model can take two forms:ﬁ! (1) structural change (2)

change in final demand.
2.4,1 Structural change

Change ir the economic structure of an country
can be initiated in several ways, It can be through public
investment in schools, highways, public investment in schools,
highways, public facilities, etc., or it can be through private
investment in new production facilities, br it can be through

changes in the marketing structure of the economy,

Structural change in an input - output context
can be interpreted to mean ' changes in production coefficients®.
In turn, this can be interpreted as either changes in technology

or changes in marketing patterns or both.

The addition of a completely new industry to the

4/ Schaffer W,A.,., ' On the Use of Input - OQutput Models for

-Regional Planping', Martinus Nijhoff Social Science Division,
Leiden, 1976,
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system means adding another row and column to the interindustry

table to represent the new industry.
2.4.2 Changes in final demand.

Changes in final demand are basically changes in
private and government expenditure patterns, gross capital formation,
and changes in the demands by other countries for the goods produced

in the country.

Accounting for structural changes in an input - output
model requires substantial skill and familiarity with the mechanics of
the model on the part of the analyst. This is not the case when

accounting for the effects of changes in final demand.
2.4.3 Solution to the system: the total - requirements table

Since we assume the production coefficients to be
stable over time, we can rewrite the equation system to apply to a

later period by substituting. F' for F, X{ for X

L ]
i and xij.’ a,.X

133

for le in each of our equations:

allxi + aIZXé e a13X§ + a14X'4 e alSX'S + Fi = Xi

1 ? ' v ? e s, T
alel + azzxz + a23x3 + a24x4 + azsx5 + Fz XZ )

. N 4 ’ v o=yt

aSIXi 4 aSZXE - a53X3 “+ a54x4 + 855x5 + F5 XS

The set of equations can be expressed 4in the form of

matrices and vectors.
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— r_. -..‘ r— ' s r "!
[ X 1 %2 33 g, a, % Fy
[ ] 1 ] ]
X, =1 %21 820 83 8, aiN X M
L I o9 LN L Y LN} LR B 3 L N LN ] (8)
Xs o o W a X! F!
- - e 54 ss... J.. 5 o 4 SJP
x' = Ax ] + Fl

(I-a) X' = F'

X' = (@)t )

We can easily derive projections of the expected gross

output (X') of industries in the later year.
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