The Semi-Input-Output Method: A Comment
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The semi-input-output method, as presented by Tinbergen [1], is designed
solely for the evaluation of investment projects. It tells us, given the criterion
used, which sectors or industries should get priority in a development plan. The
method does not tell us to what extent the production of an attractive industry
should be increased. To solve this problem we need a planning model. The main
aim of the present note is to show the possibility of formulating a planning model
based on the semi-input-output method. As such, the present paper should be
considered as an extension of the article by Tinbergen.

Before coming to our main subject however, I would like to make two com-
ments on the paper by Tinbergen [1].

The first comment has to do with the treatment of additional consumption
of national products. In Tinbergen’s system the necessary change in volume of
production of a national sector (v?) is equal to the sum of interindustry deliveries
to the international sector under consideration and to all national sectors, the
change in consumption of the product or service produced in sector v* and the
change in investments taking the form of good h.

The reason behind the inclusion of the change in consumption of the national
product his not given. Most probably, however, the idea behind it is that an
increase of income due to the expansion of production leads to an increase of
consumer demand for all products, including national products. As national pro-
ducts by nature cannot be imported, the increased demand will have to be met
from domestic production. As we have to include all indirect effects which are
unavoidable we should include this change in consumer demand in our equations.
Although this type of argument seems very reasonable at first sight, I would
like to argue that the change in consumption of national goods should not enter
the equation system. The reason for not including the change in consumer goods
can best be illustrated in the following way:
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Sanders: Semi-Input-Output Method: Comment 249

Suppose that the development plan aims at increasing the national income
by x per cent. The semi-input-output method will then be applied in order to
find those -sectors where investment is most attractive. Now, the increase of
consumer demand foi all goods, including national goods and services, is deter-
mined by the increase in income, which is already fixed by the development plan,
and the marginal propensities to spend. In other words, whether the.income
target is reached by a change in the production of automobiles or cotton textiles,
it does not affect the increase of consumer demand for national goods and services.
Therefore, the consumer demand elements should not be included in the equation
system.

Of course, this does not imply that no attention should be paid to the increase
in consumer demand for national goods and services. This is however a problem
to be solved in a programming model and should not be included in the appraisal
of investment projeets. ) ' ‘

My second remark refers to the treatment of investment. No doubt the
changes in investment demand for national goods should be taken into account
if the commodity composition of the needed investment depends on the industry
in destination. However I am not so sure that this should be done as mentioned
in Solution A. There Tinbergen adds those investments originating in national
industries needed in order to realise the bunch of investment projects and sub-
tracts all investments originating in national industries in period 0. This would
be correct if only one international sector is to be chosen. If more than one inter-
national sector is chosen for investment however, it may be expected that the new
investments necessary to realise one bunch of investment projects will be smaller
than the total investments originating in national industries in period 0. In that
case all bunches will show a negative change in investments, despite the fact that
total investment originating in national sectors in period 1 will be equal or
higher than in period 0.

For that reason I feel that Solution A is not correct. I would like to point
out however that I am unable to suggest improvements. Here we have to do with
a rather intricate problem, the solution of which might become very cumbersome.

A Semi-Input-Output Programming Model

As a rule the drawing-up of a development plan starts with a simple aggre-
gate model. In order to illustrate the possibilities of a programming model we
shall assume the simplest version of a macro model. This is done only for simpli-
city’s sake. Other macro models could be used without impairing the working
of the method.
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Our simple aggregate model has one target: a fixed increase of national in-
come, and only one instrument: investment. The necessary amount of investment
can be found by multiplying the planned increase of national income by the overall
capital coefficient. This necessary volume of investments should be equal to the
estimated availability of funds for investment purposes. If this is not the case
we have to revise the income target.

The next stage in the planning procedure is the sector stage. What we have
to do now is to divide the investment funds in an optimal way over the sectors of
the economy. Here we should use the semi-input-output method in order to deter-
mine the attractiveness of sectors producing international goods.

Assuming that the commodity composition of investment is independent of
the industry of destination, we get the following equations determining the
change of production of the national industries.

V7 P a7hvh + a77v7 + a78vs + a79v9 1

]
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It will be noted that equations (1) do not show the changes in consumer de-
mand for national goods and services. The reason for this is explained above.

Adding to this the definition of the change in income for sector h:
yr=(l—alh—a2h__ g3 __ —aMyvh )

we can with the capital coefficients per industry find the composite capital coeffi-
cient for each bunch. Calculating this for all possible bunches (6 in this case)
we can rank the international sectors according to relative attractiveness.

Now, if the only limit to the extension of production was the availability of
investment funds, the planning model could be solved very easily.

After allowing for the changes in final demand for national goods and ser-
vices, all investment could take place in the most attractive bunch. The interna-
tional sector in the bunch would produce mainly for export demand and the
goods and services originating in other international sectors would be imported.
This, however, is not a very realistic situation, as it would imply the possibility
to export an unlimited amount of a product without change in price. Therefore,
more than one bunch will have to be chosen.

This makes necessary an estimation of the upper level to which the interna-
tiopal sectors can be extended. The maximum amount with which the production
for final demand can be increased can be expressed as:

L.
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D L in(3)

Here the symbols with a lower index p indicate possible changes.
" \
f, = the possible change of production for final demand

c® = the change in consumption of commodity h
e: = the possible change in exports of commodity h
j* = the change of demand for investment goods originating in sector h

m, = the amount of imports of commodity h in period 0.

The change in consumption depends on the change in income
ch bnd qhy...an---....n-.. P P seeiasecisreeirtatacsecaseniocstasreasisennes (4)
c: is determined outside the model. m: is predetermined.

where the lower indices refer to time and the bars indicate absolute values.
‘—h . 0 ’.h . - .
Jo is given, j, is defined in equation (6).
. T .
J1= w1

Denoting the possible increase of production of commodity h for inter-

h
industry demand by a, we get:

h 3 abhs . . '
a = 2B Ve, )
The total possible increase of production (V:) is the sum of equations (3) and (7):
h  h h h b
Vo= a, + f,= %Iah“'vh’-t—ch-]— & + % + mg.......... ®)

Finally we know that for the national industries:
h
B e Y e e )]

and for the international industries:
b
VB Vpeerverenneciiinnenenn, ereiereensnetitenaenrasan ereiveireeanens (10)

With this set of equations we can calculate the optimal allocation of invest-
ment projects. This is essentially a process of successive approximation as the
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terms at the righthand side of equations (6) and (7) are dependent on increases
of gross production, which still have to be determined.

First we look at the national sectors 7, 8 and 9. The increases of consumption
of these sectors have to be produced domestically. '

In equations 1:
V1 = ¢7 1 al7y7 | a78y8 L a79y9
v8 = 8 L a87y7 . 38By8 I 389y9
v9 = ¢% - a%7 q98y8 4 a9%%yd

¢’, ¢8 and ¢? are determined by equation (4). Therefore, we can solve these equa-
tions for v7, v8 and v9. With the aid of equation (2) we can determine the income
created in sectors 7, 8 and 9, Multiplying these income increases with the sectoral
capital coefficients we obtain the investments necessary to realise ¢7, c® and c?.

1t will be noted that the equations do not have a term for the increase of
demand for investment goods. The reason for this is that it is not clear in this
first step, whether there is an increase of investment demand for the products
of the sectors under consideration. This we can only find out at a later stage.

Once we know that there is an increased demand for investment purposes we
should take this into account as well.

The next step is to increase the production of that international sector which
is most attractive. Let this be sector 2. We know from equation (8) that the
maximum value of v2 is equal to:

2 2 . 2
Vp’ E'a2h’vh’+cz + ep_‘l_JZ _}_ mo

L, 2 2 . . . .
of which e, and m_ are given, and c2 is determined by equation (4). For the

reasons given above j2 can only be determined at a larger stage. As we do not
know as yet the values of v?’ we cannot determine the value of & a2h‘vh’,

Therefore we have to determine this value in several steps.

The production increases of national sectors as determined in the first step
require inputs from sector 2. As the v’s of the first step are known we can calculate
how much input from sector 2 is required for the first step. Let us call this s2.
We further know that the expansion of sector 2 requires additional production
in the national sectors. Therefore, the provisional maximum value of v2 can be
determined by solving the following equation system: -
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In equations II:

v2 = c2 - ez+ m2 - g2 -+ a22y2 -4 ally? - a28y8 - 329v9
p ©

vl o= aT2y2 4 a7 o a78y8 L 3799
Vs = aS2V2 + a87v7 + assvs + as9v9
v9 = a92v2 + a97v7 + a98V8 —{_ a99v9

We now have four equations with four unknowns. In the same way as
in step I we can determine the income created and investment needed.

The third step is to increase the production of the second most attractive
international sector to the maximum. Let this be sector 5.

The procedure is essentially the same as in step 1. There are, however, two
differences: '

1) We have to allow for the interindustry demand for products of sector 5
in step I as well as in step II.

2) In this third step additional interindustry demand for the products of
sector 2 will be created. As sector 2 is more attractive than sector
5 we should take this increased demand into account.

In equations 111 :

V2 = a22y2 - a25v5 + a27y? -+ a28y8 _}_ 829y9
5 5

v =¢S5 -+ ep + mo - s5 + asS2y2 - assys - asty7 3 as8y8 + asoy?

v7 — a72V2 + a75v5 + a77v7 .Jr a78vs + a79v9

v8 - 382V2 ..:_ a85v5 ._:. a87v7 + aSSVs + a89v9

V9 = a92y2 -} a%5vys + ad%7y7 - a98y8 -+ a9%9v9

The y’s and the investments are found in the same way as before.

In successive steps the same procedure should be carried out. At the moment
it becomes clear that jb > 0 we should take this into account as well. This should:
not be difficult as j® can be treated in the same way as other components of final
demand. We should continue our exercise until the income target is reached and/
or the available volume of investment is used up. If the income target is reached
before the investment restriction is reached, our target was too low. If the invest-
ment restriction is reached first, our target was too high. In both cases the targets
should be revised and the exercise should be repeated until the income target and
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the investment restriction are reached simultaneously. We then have determined
the optimal way to reach the income target.

By adding up the v’s created in the successive steps we find the total increasé
of production per sector. In the same way we can calculate the total production
for intermediate use as well as for final demand per sector. Deducting from final
demand the changes in consumption and investment we find the changes in export
per sector.

The prOgramming model developed above should be considered as an alter-
native to a linear programming model. One of the advantages of the semi-input-
output model is that itis easier to understand than the more conventional models.
Therefore it will be easier to convince the policy-makers of the correctness of the
sectoral production targets.

The amount of calculation work involved depends on the interdependency
of the economy. Exercises going on at this moment with the aid of the Tims/
Stern input-output table (54 sectors) suggest that the model can easily be solved
with a desk-calculator. For some countries it might however be more economical
to use a computer.
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