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DEVELOPMENT PLANNING: THE SECTOR PHASE,
WITH DIFFERENT GESTATION PERIODS,

1, The Setting of the Problem and the Assumptions Made,

In this paper a set of formule and an example are offered for
the sector phase of development planning, with special reference to the
complications arising from the existance of different gestation periods
in the various sectors. The paper heavily draws on what other authors in
the field have already developed; its main additional attempt is to arrive
at the simplest formulae conceivable without negleéting vital features.
The author hopes it will be useful for practical planning purposes and

mangeable for the staff usually available in planning unitse.

We assume that planning mainly consists of estimating the most
desirable development over time of the volumes of production in a number
of sectors of the economy., We conceive of the planning process as a

stepwise process, starting with a macro-step. During this phase a rough

idea has been obtained of the most desirable volume of investment and the
most desirable rate of growth of income, the two being interrelated. The
task of the sector phase is to refine this development by splitting up

the economy into sectors with different capital-output ratios and diffe- .

rent gestation periods;

Constant input-output coefficients will be assumed for the

additions to production; for part of the economy these coefficients may
have to be derived from project data. Contrary to the habit prevailing in
many applications of the input-output method and of linear programming

models we will not use as our central variasbles the volumes v of produc--
tion of the various sectors, but their contribution y (in constant prices

chosen equal to one throughout) to national income. The two variables are
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related by the fowmula
‘h oh _h (1)

where h indicates the sector and
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ﬁh 2 being the input coefficients from sector h' into sector h. The

symbols v and y indicate increases over the previous year; time will be

indicated by a lower index; hence yispands for the increase of income

from sector, h in year t over year t-1, Absolute values will be indicated

by a bar: ?Q

A majdr instrument of analysis will be the distinction between
national and international sectors. The products of the former cannot..be
imported or exported since their transportation costs are prohibitive;

The national sectors therefore must produce the total demand for their
products prevailing in the country; the international sectors do not have
such an obligation, surpluses can be exported and deficits imported., Inter-
national sectors are only chosen because of their income earning capacity.
The most important national sectors are building, the operation of buil-
dings, energy, inland transportation, personal services, retail and a
_considerable portion of wholesale trade, education of most types, govern-—"
ment services. Of these, building represents an investment activity (we

may once also,.consider education as such as activity); it will be indica-
ted by h = Lo

Our choice of sectors and their production volume will be

based on a minimization of investments in order to obtain a given increase
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in national income, as estimated in the macro phase., One of the advantages
of this version of the optimization process consists of the possibility to
introduce capital-output ratios which depend on the increases in production.
Other advantages will become clear in the regional phase of planning, when
our inceme target is multiple (all regional incomes may be targets) and it
is simpler then to consider these as given and to have only one minimand,

total investment.

We will give a special shape to the method by assuming given the

income earned in the non-building sectors, We assume that the portion of

investment,.represented by building is approximately known for the economy
as a‘whole; If also the volume of investment is given, at least approxima-
tely, it follows that the volume of building is more or less given and

hence also the difference between total and building income,

We are going to introduce the gestation periods by assuming that

investments jz needed for any sector in any year depend on the income

increases enisaged for this. sector in a number of successive years, star-

ting with the year t itself, This assumption may be written as

h G h h
jom' e x ¥y . (3)
] 1 g t+g=-l

Where Ghl is the gestation period for sector h; Future investments will
be discounted by myltiplying them by pg for period g.

As announced we are going to use the input-output method by
assuming that production volumes are equal to final demand plus intérsec-

toral deliveries, It will appear that we only need the input-—output or

balance equations for the national sectors. These sectors do not have

export surpluses (positive or negative); their final demand is only inter-

nal (national) demand. This enables us to transform the balance equations
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into equations of the form:

ht hih . h
yazn y

: (4)
t h;h'

where h' ing%cates a national sector, h indicates all sectors and the

term with yi on the right-hand side has already been brought to the left~

hand side. The coefficients n are a composite of coefficients discussed

in the Appendix (section 4),

2. A Simple Example,

Before trying tc formulate in a more general way the set of
restrictions and the optimum problem to be solved we are going to illus=-
trate its features by a simple example, where all the complications are

showing up in the simplest from conceivable,

This example will be characterized by the following features;
We have four industries; h=l represents building, as already announced;
Moreover, h - 2 is the only other national industry and h = 3 and h = 4
are two international industries., There must always be at least two inter-
national activities to choose between, since the production volume of
the national sectors depend on those of the international ones and.cannot

‘ . 1 2 '
be freely chosen therefore, We zssume G =G ™ G4 = 2 and G? =1,

The restrictions will be:

(i) the target equations:

o 3 4
Jt SR A Yy . (5)

where ytare target values of development,
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(ii) the balance (input-output) equations:

2 7o R | 23 3 ks A
= N +n” y +n 6)
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The restrictions enable us to express yzin terms of the other

7 y? s from them we deduce:

3 t 1 t
v o= 3 7)
L e U

Combining (6) and (7) we get:
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The investment activity j+ needed in any period t will be:

L
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where the term with y is lacking since x = O ,
t+l 2 2

Assuming proporticnality between total investments and those

taken care of by the building industry we hzave

3, =@ T with a = 1 (11)

and hence
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Using our formulae (9) we may write this as
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Appling (13) to t = O, 1; 25  ...; successively we obtain:



= |
ay - klyl + klyl + C + K4y4 quy4
o 0 iRk o 1o i Tt
Lok, 1 13 il b 4 4 ,
a R K + K + 8 v K K (19)
G + 11 o P * it T ST
\
/
a (.jl+ yl+ yl) = Klyl 4 Klyl +C + K4y4 - kll'y4
P 1 2 23 2 1P 23

13
* klyl +C + Kq'y4 & K4y4

W7 N il A
2 (T +y+¥y+7y) =Ky
Yoo Al 52 13 'z, 24 81 43 2%

etc;

We now propose to consider as the minimand of our program the

expression:
-1 =1 2=1 3=l . )
a (J, # DT + P Ty | # BTz ¥ acsecees

being all investment from period t = O on, duly discounted, From formu-
lae we derive @ A i '
Sy ;
-1 < I ¥ :
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or

N | §l + le) - (K1+ pKl) Yl = C+ K1y1+ Kl}yl+ + K4 + pKl{~ )y4 (21)
R o 2 1 1l o 1 o« 2 1

where we have transferred all the yl- terms to the left=hand side and where
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Yl e yl + pyl + pzyl ¥ oeoo0o
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C = C + PC + PEC + ;o eoce (22)
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From (21) we see that minimizing ¥ will at the same time mini-

mize total future investment as defind by equation (20)t

The left-hand expression in (21) may be written :

-1
ay 1 R |
0 SR X ey
’ g i=p i l) (23)
.\.""P

The coefficient in front of Yican be assumed to be positive,d

1
since l-p is small, a>1 and, as a rule K2 and K% rather small too., In’

order to minimize (23) we must minimize or maximize Y whenever the
I
"eriterion™ K = K ;+ pKﬁj?or-<:O. Written in terms of the original techni-

cal coefficients the criterion runs:

; 24 24 _ 23
Ll T e W e S SR
Bl R S T s

We will first consider the case where the n are constants.

1 e A 4
In order to make Y a minimum we must take yt= 0 whenever K >0 and yt

equal to its maximum (folowing from (5) whenever K =< 03 in this case

3

we will have yt = 0. It is the criterion K which decides on the choice

between sectors 3 and 4, For an interpretation of our result let us first

o4

assume that n2> = n°t and p = 1 , The criterion then reads:

KL[- - xg + 3;?' = xg (241%)
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Since in our problem xg + x% represents the capital-output ratio of
industry 4 and x% the one of industry 3, we have the familiar result tha%
the sector with the lowest capital-output ratio should be chosen. ( This

is only so if our only target is to increase income and our only scarce

factor is capital, as is implied in our setup.

For p=<<1l, or a positive time discount, we find that industry
3 is relatively more favoured than 1ndustry 4: instead of x}we get px3

and instead of x* = x e x ye get x* 4 P, :sz4

2 1 2
industry 3 = within limits - is due to its shorter gestation period, The

« This preference for

criterion now reads:

4 & [
K ' =x + px - px3 (24")
2 1 i
: ; 5 3 4
and industry 3 will be preferred as soon as pxl — x2 + pxl

25"

Finally let us consider the most general case where %ﬁé ™
In formula (24) we observe two opposite influences of, for instance a

23

positive difference %4 - n “, meaning that activity 4 requires more inpusis
from the national industry 2. According to the last term in (24) this
will diminish the preference for industry 4, The intensity of this
influence is proportional to the capital-output ratio of industry 2:

xg + Px? « This is the influence dealt with in the semi-input-output
method. It reflects the necessity to invest not only in the international
industry chosen ( & or 3 ), but also in the national industries whose

inputs will be needed.

There is a counteracting influence, however, to be found in

the term with xi. The coefficient Ln24 occurrring in this term may be
23
l+n

said to represent the substitution rate between industries 3 and 4 needed
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in order toc meet the target y, and can be found back in formula (7): for
a unit more of yﬁ"we must give up liﬂ;ﬁ units of yz 5 AT we.want to
l+n 3

attain the same value of yt . This is due to the fact that this unit of yt

will entail a larger necessary production-of good 2 than.a unit of Uz
needs and thlg productlon of good 2 also is considered as a contribution
to the target,

Let us now consider the case where th x's are not constant. They

may depend on the correspondlng y'S, The optimum problem no longer remains
a linear programmlng proElem, but becomes one of at least guadratic pro-

s

gramming (if we assume x2 or xl to be linearly dependent on Yy ). Depen—

ding on the numerical data we may now either have a flat minimum or one

on a boundary, Flat minima oper up the possibility of diversification,

excluded (as far as the intermnational sectors are concerned) in the linezr

case, except by coincidence (equality of two capital-output ratios).

3, Some Remarks on Generalizations.

The simple example of secticn 2 may be seen as an intermedfary
approach where the sectors are grouped into building, other national
sectors and two groups of international sectors. It is betiter of course
to generalize it by considering a larger number of sectors° Whereas thls
can be done without too much trouble, it does:of course compllcate the

calculations and increase the number of degrees of freedomo

More equations of type (6) will result of the introduction of a
larger number of mnational sectors. A larger number of international sec=—-
tors will only raise the number of terms of all equations and of the
minimand (21). It remains possible to eliminate the Yy of one internatio-

nal industry from €5) and to eliminate all the Yy of the national sectors
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from {6) etc. We are then left in (21) with y's of possibly more inter-

national industries,

It stands to reason also that criterion (24) becomes more,.
complicated if we have more than one national sector besides building,
The inputs of these various,.national sectors and their capital-output

ratios become relevant then,

So far we have assumed that all coefficients used do not
change over time, As soon as we admit that possibility we will find that
preferences for some industry may change into preferences for another

sector,

The reader will be able, we trust, to write down the equa-
tions needed for all these more complicated situations, Because of their
increasing complexity it does not make much sense to write them down

without having to solve a concrete numerical case.

I, Appendix.
The usual presentation of the'balange equations of the input -

output method runs as follows:

R s g )
v ao” Wil v -'.-iSbhhv (25)
hl
where vh.is the increase in volume of production, ch the increase in cone

sumption, jh the increase in investment, eh the increase-in export sur-
: - hh? ;
plus of good h and @ the input coefficient of good h into sector h',
e

For national non-investment sectors jh m e = O, Consumption

increase will be dependent on the increase in national product y;::gF’Ohvh

the coefficient v may be the marginal propensity to consume good h, ma-

king
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h h= _oh'

T maNT RO 2 v (26)

substitution of (26) into (25) leads to:

v S e R )

Using now equation (1) we may switch from v's to y's:

?oh ht ,GOh'
2% hht oh ht
Poa= (P oh, 5 sy @8
ht

In order to arrive at (4) we have to transfer the term with

yh'on the right-hand side to the left-hand side:

\

h hh _h oh hh! oh
e et e Jg)"h)h(eq)
h's£h
or, by interchanging h' and h:
: oh!
[ h! oh?
M2 vy
T =
v o=z L (30)
h'h! h!' oh!
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where h' now refers to some national sector and h to all sectors. We

- (B
observe that we only need to know the )bh 2 from the input-output equa-

tions for the national sectors for the international sectors we only
must know the Jz as defined in equation(z)

51 Tinbergen;



