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1. Introduction

It is by now a commonplace of several years standing that the multiple
aims and ambitions of developing countries cannot be subsumed intc the single
operational target of growth of G.D.P. While the nature of the various trade-
offs between G.D.P. and othér’objectives are not fully understood, it is clear
that such trade-offs are numerous and that there is a resulting need for economic

.policy to give them explicit attention instead of relying on some implicit
correlation with thw G.D.P. variable l/. Unfortunately, while this is well
recognised in theory, existing macrc economic data in developing countries is
rarely designed in such a way as to permit any serious quantitative investigation
of what this might mean in any particular country situation'Z!. The purpose of
this paper is to provide a modest contribution to remedying this situation by
illustrating numerically how the expansibn of different sectors of an economy can

have different consequences for the various possible objectives of that economy.

The illustrations are all based on a condensed version of a social
accounting data system for Sri Lanka for 1970 which was constructed explicitly
to vast light on objectives of development such as fuller employment, greater

3/

equality of income distribution and so on = The approach to analysis {or

1/ Many of these trade-offs exist because of market imperfections or economies of
scale. For example in a two factor model, and beginning with an equilibrium
situation, there would be no difference in the marginal productivities of labour
between sectors provided that factor markets were perfect and no sector
operated under conditions of increasing returns. In such circumstances, there
would be no outputi:employment trade=-off. However, even if economies did
conform to the neo=-classical assumptlons, some welfare trade-offs would still
remain e.g. between rural and urban incomes, between high and low 1ncomes, and
thus governments might still need to 1ntervene to secure welfare maximisation.

2/ We are not the first to raise this point and, in particular, it has been raised
" in a critique of the World Employment Programme by Erik Thorbecke. See

. International Labour Office (1973).
3/ This data system is described in detail in F.G.Pyatt, A.R.Roe and others,
Social Accounting for Development Planning, Cambridge University Press,
forthcoming.




modelling), which is the most straightforward givenm this systeﬁ is one based
heavily on a series of fixed coefficient assumptions and it is this approach
which is used throughout this paper. However, we do not set out with the
philosophy that coefficients are in practice constant over time, nor with the
view that such an approach will yield results which are "correct" in some
absolute sense. Rather, the enquiry which this paper reports upon'has two

principle purposes. The first is to explore the orders of magnitude of the

differences between sectors in terms of their impact on various objectives.

If these are sufficiently large, the relative importance of different sectors
in relation to particular objectives may remain unchanged over time even though
certain coefficients alter.l The second purpose 1s to see how resilient or
otherwise the results about the relative importance of the various sectors are
to changes in the precise form of model which is used to assess the effects of
their expansion. It is obviously important to know whether the incorporation

of greater richness and complexity into a model, has any substantial implications

for the conclusions about the role of particular sectors which emerge.
No attempt is made in this present paper to consider the implications of
the weighting together of different objectives, the choice of appropriate weights

and so on. This is a matter which will be discussed subsequently.

2% The direct effects of sectoral expansion

The condensed social accounting system which underlies the analysis of

this paper is set down in Table 1. This differs from the full data system



referred to earlier LY in two principle ways. First, production activities
have been aggregated into twelve categories from the original forty-eight, and
the distinction between households in terms of income size has been suppressed
leaving only a distinction based on location éﬂ/. Secondly, thevpresent system
shows a direct link between production activities and institutional income
recipients (e.g. the rows labelled household income at the interesection with
the columms labelled production activites), whereas the original system also
showed an intermediate stage whereby incomes were paid to particular factors of
production and thence to institutional sectors such as households, government
and so on. These_simplifications are introduced only to economise on the space
needed to present our results and the analysis has been repeated to generate

comparable results to those presented here for the more complex system.

Given the fixed coefficient assumption, Table 1 readily yields
information about, what we shall call, the direct effects of sector expansion.
This is done by dividing the entry in each column by the corresponding columm
total (i.e. total supplies as shown in the penultimate row of Table 1.) The
results of this simple calculation give the direct effects of a one unit expansion
-of gross output in each activity on the output of each of the other activities,
assuming an equal supply response and constant prices, on household incomes of
various types, on government revenués, on imports and on employment., The

results are shown in Table 2.

Perhaps the most interesting result to be thrown up by Table 2 concerns

4/ See Pyatt, Roe and others, op.cit.

4a/ Some results using the full dlsaggregatlon of the data are presented in
Roe and Tyler (1976).
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the wide variation between sectors as regards their direct impact on the

various objectives and constraints which are identified. For example, from
row 21, we see that the effects of a one rupee expansion of sectoral output

on the import bill varies from Q.145 rupees for modern industry to 0.017 rupees
for coconuts. Row 22 indicates that the impact of a Rs 1000 expansion of
output on employment varies from 0.702 jobs in tea to 0.040 jobs in agricultural

processing.

As a final example, row 15 shows that the impict on rural incomes of

a one rupee expansion of activity varies from 0.944 rupees in the case of paddy
to 0.101 rupees in the case of modern industry. While these results as
presented imply a degree of accuracy which is almost certainly illusory, the
wide variation in the impacts found between different sectors, suggests that our
data permit us to learn a good deal about the relative importance of different
sectors, judged from the viewpoint of the various objectives and constraints

which are identified.

3. The indirect effects of sectoral expansion

Turning our attention to the possible indirect consequences of the
expansion of any activiéy, let us begin by looking at the orders of magnitude
of these effects relative to the direct effects already calculated. For this
purpose we will concentrate on (a) those indirect effeéts which arise from the
geﬁgration of intermediate demands by those sectors undergoing the original

expansion (the "intermediate" effects) and (b) those indirect effects which arise

from the gneration of future consumption demand as a result of the stimulus



to household incomes (the "induced" effects). For the moment we will assume
that there are no capital capacity comstraints to any of the expamsions which
are considered; this assumption being relaxed. in Section 4.

The "intermediate" effects are calculated in the familiar way using

the identity

L

'g+§=§ ¢D)]

where A = the coefficient form of the input-output
part of the social accounting matrix
f = a vector of final demands on outputs
g = a vector of gross outputs

Solving (1), we have
g = [T-4A"" £ (2)
or, in difference form

ag = [T- A" as . (3)

~ ~ -~

If Af is taken as a unit vector (implying a one unit expansion of



5/

demand in each activity), = then the direct plus "intermediate" effects

of expansion on output levels can simply be read off from the columns of
-1 B )

El = AJ » The direct plus intermediate effects on other variables such

as employment, imports, incomes, etc., can be calculated by again invoking

the assumption of fixed coefficients. Thus we have:

An = N [T -A] af (4)
where N = .-nll My crecenne nllz-w = the matrix of ccefficients
. shown in the bottom half
0 : of Table 2 .
.21- .I..I.I..'..l!

nml t'-----oqon-n'nmlz

-y —

So, for example, n is the part of the gross output of

11
activity 1, which is paid out to urban households, n,, is the part paid
out to rural households and so on. The number of rows in N (namely, m)
is equal to the number of variables other than output, the level of which

we wish to assess. Thus, in our aggregated treatment as shown in Table 2,

m 1s equal to nine.

The direct plus intermediate plus induced effects of the expansion

5/ We have made no attempt to consider the nature and likelihood of occurrence
of the initiating increase in exogenous demand in each sector. However,
it is worth emphasising that sectors differ enormously in the proportion

of final demand that derives from domestic expenditure rather than exports.
For this reason, if for m other, the likelihood. of exogenous demand
increasing will vary as between sectors.



of any activity are calculated as follows:

Equation

(1) 1is now re—written as:

fv

g = Ag + Cy + T

C))

where Yy = a vector showing the incomes of our (three)

different household groups

f = a vector of final demand other than consumption

demand

-

Cll oo.ooon--o..--..aClB

C21 s o s0 00000 n00es00

c

12.1 """"'f""'012.3—

We also invoke the relationship

y = Ng + ey + r

and shows the proportion

of income of each of the
three household categories
spent on commodities from
each of the twelve production
activities

(6)

where N consists of those (three) rows of N which relate to household

income.
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e = a diagonalised vector showing the proportion of the

¢

income of each household category spent on domestic

servants

R

a vector of exogeneous incomes of households (e.g.

factor income from abroad or government transfers)

Bringing equations (5) and (6) together, we have

g A | ¢] ['g £
-~ -~ ' -~ ~ ~
o Il e + o1 )
N
Z . } ? [X EJ

which solves as:

| Torg

g A w C £
S I = peamed — (8)

y El e e

Finally, and ‘analogously with the earlier treatment, we can re-write

equation (8) in difference form, make AF. equal to the unit vector and then

read off the direct plus intermediate plus induced effects from the columns

of the inverse matrix shown in equation 8. Making Ar equal to the unit

vector would permit a similar reading off of the effects of direct income

. . " 6 .
creation 1n each of our household categories —/. In the way our data is

6/

Round and Pyatt, in Chapter 4 of Pyatt, Roe et al., op.cit., have

produced a much more elegant version of the Equation (8) expression, which
exp11c1t1y shows the link between production activities and factors of prod-~
uction, and the link between factors of production and institutions. They

also present an interesting decomposition of the matrix inverse.



L

arranged, direct income creation could encompass expansion of the government

wage and salary bill as well as government transfer payments.

Using this approach, the two categories of indirect effects have

been calculated and are as shown in Table 3.

The comparisons of Table 3 needs to be interpreted with care sizce
the rows headed (i) and (iv) are measured in rupees (or thousandths of
men) while rows headed (ii) ‘and (iii) are ratios. Thus a large
indirect effect as indicated by rows (ii) and (iii) may be compensated
by a very small direct effect (row (i) ). Row (iv) "shows the results
of expansion (direct + induced + intermediate effects) per unit of import
expansion and is therefore the appropriate row to comsider in a situation

where import capacity is a binding constraint.

Looking first at total incomes in row 6; we can see that the
relative importance of the "intermediate" effect of expansion varies as
between sectors in the range from direct effect plus 4 percent to direct
effect plus 750 percent. While several sectors are subject to intermediate
effects which exceed the direct effects by 50 percent or more, agricultural
processing stands out as the only sector where the intermediate effects
dominatg the direct. So while one conclusion is that the size of the
intermediate effects for some sectors is not such as to justify the expenditure
of resources on their quantification, this is not true of all of them.

Certainly, there are at least four sectors in our schema where any investment
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allocation decision would be sorely misleading if it confined-itself to-direct

.effects.

Turning to the disaggregation of incomes as between our three
household categories, i£ is interesting to observe how the separation of
the estate sector from the rest of the economy shows up in very small
"intermediate" effects (see row 5). In the two sectors in which estate
labour is mostly employed (tea and rubber), and where the direct gains to
estate incomes from expansion are greatest, the "intermediate" e=ffects of
such expansion are virtually non-existent. In all other sectors the
direct effect of expansion on estate households is less than on other rural
households (line 4), and the relative magnitudes of the "intermediate"
effects for the two household groups nearly always magnifies-this discrepancy
(a modest exception being trade and transport). When we allow for “induced"
effects, the situation is reversed a little since several of the multipliers
shown in row (iii) fof estate households are larger than the corresponding
multipliers for rural households. However, this last result depends heavily
on induced consumption of tea giving rise (through the fixed coefficient
assumption), to equi-proportionate increases in all categories of income
arising from tea production including profits and estate and household
incomes. To the extent that profits took a disproportionate share of any
increased production, the size of the induced effect on estate incomes would

obviously be reduced.

Turning to the other variables identified in the table, (i.e.
government revenue, imports and employment), we again see that the "inter-

mediate" effects are generally of considerable significance. This i3 even
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more true of the induced effects which are often extremely large as well as
being high;y variable as between sectors. While the wide variability does
indicate the necessity of taking proper account of the induced effects in
planning investment allocation, the magnitude of these effects also invites a
query about the number of rounds of induced spending which our multipliers
involve, and the probable total time lag between direct and total induced
effects. Our explorations of this indicate that while only about two rounds
of the multipliexr process are necessary for convergence when induced effects
are ignored, this is increased to about seven rounds when they are included.
Thus the wide variability of induced effects as between sectors may not be of
concern to an investment allocation which has only a short time horizon.

But, perhaps .the most interesting results to emerge from the
calculation of direct and indirect effects of sectoral expansion, concerns
the mtential conflicts between objectives which are revealed, and the manner
in which these conflicts are altered by incorporating a wider range of indirecg
effects. This is brought out in Table 4 which compares the effects of
expansion of eight of the nine variables identified in Table 3, by ranking
these in order (gross output being the Table 3 variable which is omitted).
The rankings are given separately for direct effects, direct plus intermediate
effects, direct plus intermediate, plus induced effects 7 and for the

effects normalised on imports §/.

7/ The largest effect is given the rank of 1 for all variables other than the

" imports which, because it is regarded as a constraint rather than an
objective, is ranked in reverse order with the smallest effect having the
first position.

8/ This normalisation obviously invokes the reasonable assumption that foreign
exchange is a scarce resource. However, it does give rise to certain
difficulties in interpreting our results since the export element in the
exogneous demand shift which triggers our multiplier must obviously differ
between sectors. For a sector such as tea, where export demand dominates,
the exogenous demand expansion eases the foreign exchange constraint
automatically and in a way that does not apply to sectors relying heavily
on domestic demand. This difference is not taken into account in our
comparisons but it could easily be allowed for by calculating units of
objective generated per unit of net foreign exchange gained. Thus sectors
adjudged likely to have only a small export element in additional exogenous
demand would yield net imports and a negative coefficient. Sectors likely
to have a high export element in additional demand would be likely to
generate a nositive coefficient.
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It is immediately clear that there is no tidy consistency of
results. The rankings vary widely as between different targets (and
constraints), and even when we restrict ourselves to single targets, the
rankings vary according to whether or not we take account of the various
indirect effects. The major conflicts between targets which emerge are

as follows:-

Tea: good from the point of view of estate incomes and employment,
but poor from the viewpoint of urban and rural incomes and

imports.

Rubber: good from the viewpoint of estate income and employment but
bad from the viewpoint of government revenues and urban

income.

" Coconut: good from the viewpoint of imports and estate income but

poor from the employment angle.

Paddy: good from the viewpoint of rural income, and employment but
bad from most other angles; considerable ambiguity about the
import effect which change significantly depending upon whether

or mt the induced effects are included.

Agricultural Processing: considerable ambiguity about its effects on
rural incomes and employment; incorporation of intermediate
and induced effects renders this much more favourable.

Reasonably good from the viewpoint of employment.

Traditional and Modern Industry: good for government revenues but

bad on most other counts.



16

PISTIBWIOU 8329337 PLONpUl + 9IBTPIMIIIUL 4+ 3I0IXIQ

91

*sjaodwy 3suiede = (AD) .
*830933F PIONPUl + DIBIPSWIIIUT + I291I( = (I11)
§3109J3T dITPIWAIIUT 4+ 3IV3II(Q = (11)
399339 313211Q = (1)
01 ¢ 6 8 8 8 8 L € L € 1Y Y Y % |8 k4 Y ki 9 [4 [4 [4 8 9 L ¢ §30TAI3S
9 6 8 9 ki € z [ s % 1L 6 8 9 169 9 8 9 T 1 1 1 € L 9 ¢ jzodsueay,
3 °pea]
IT 01 01 o1} € L L € 8 € S |8 01 6 6 |6 1T o1 6 b/ ki € 9 9 o1 8 6 uo..nuusuum.aou
¢T 2t Z1 1t} L AN AN 2 T Z T jzal [t ot o1jzI 71 IT 11| 8 8 L L Z1 et 11 o1 Lagsnpug
) WI3poW
8 S S i 6 T 11 T 1 T 1 3§11 11 1T 1T{01 L 9 8 6 6 8 6 1SS & S 4 11 £13snpug
. . TBUOTITPRIY
S 9 9 S [4 9 7 g 01 8 6 }S L S S 1¥ 8 L L S 9 9 S S 6 s 9 Sututl
2 % Y ¢1y o1 - 01 O1f OI & 9 9 |6, S 9 8 19 [4 4 ¢Ty ot 1T 1T TII} 6 ks 0T gy 3urssadoig
o Tean3inoTaly
L 8 L L S ? S 8 It It "1t1§9 - 8 L L € S € € € € ki € ks S € 4} oan3Tnotady
13430
T 1 z .1 18 S € IT 9 ¢l 1ol 9 71 1}t T 1 1 1T ¢ 2t 21} ¢ [4 T T Apped
6 IT 11 6 1 1 1 4 [4 6 8 |¢ € € € |z 6 6 S [4 S S Y [4 8 T 1 Inuood0j
z £ ¢ €l9 s 9ls6 6 o1 o1}z 4 z 7z |t € s |t "t 6 81 1 % € 12qqny
€ ¢ 1 T .2T € 6 [4 S Y L |1 1 1 1 11 01 -2t Ol | 2zt - 0T O O1} o1l ¢ 6 8 D]
21) (1D (3D (D) KIID) (FD) (1) KAD) (FFD) (FD (D (AD (11D (1D (D (D (71D (1D (D (D (11D (7D (D J(aD (1) (371(D
LUIRA0TANE SIYOdWI AONIATY INTUIIACD HWODNI 4IVISH TMOONT VN TWNOONI NVTEil qIaaQv-anTIva
83UTeIlSUoy pue $3931EL UTBIIS) UO 308JFH P o°2T5 03 JUTPIOIDY 103235 30 Buryuey 4 FIEVL




17

Trade, and transport: good for urban incomes but rather poor for

employment.

These examples of conflicts between objectives can be defined
more concisely so as to yield some conclusions of rather more general
interest. This can be done by calculating the coefficients of rank
correlation between some of the objectives, concentrating for this purpose
on the import constrained case indicated in colummns (iv) of Table 4. Fox
example, the rank correlation coefficient between value—-added and urban
incomes is somewhat higher than the corresponding coefficient between value—added
and rural incomes (.69 as against .66) indicéting a slight urban bias in a
strategy geared to output. Far more significant is the fact that government
revenues have a strong positive rank correlation with urban incomes (.59)
but a weak negative correlation (~-.21) with rural incomes. As a final
example, there is a large negative rank correlation cbefficient between
urban income and employment (-.45) and a large positive coefficient linking
rural incomes and employment (.40). In short, the results suggest that
an output objective is dightly more favourable to urban tham rural incomes,
urban income is better than rural income creation from the point of view

of boosting government revenue, but rural income creation is better than

urban income if the aim is to raise employment.

What though of the distance between sectors in terms of their
effects on particular objectives? As was noted in the introduction, the

greater this distance, the more likely is it that a simple fixed coefficient
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approach may have some analytical value even though coefficients are in
practice known to vary. This question is answered in tentative form in
the table below which shows two indicators of distance for each of three
sekS of effects shown in Table 3 (direct effects, direct + iﬁtermediate plus
induced effects, and effects normalised against imports). The first, or
maXimum distance, is simplf the biggest sectoral effect as expressed as a

ratio of the smallest. The second, or average, distance is defined, for

each objective, as:

1 n;l E(i+1)

= —~5— s where E, is the effect on the objective
o i=1 i of expanding the ith sector in the rank
order.

Three conclusions emerge‘very clearly from Table 5. The first
is that the maximum distances between sectors in relation to several cbjectives
is very large and is unlikely to be eliminated by coefficient changes of
plausible magnitudes. For example, it is highly improbable that modern
industry which is currently the worse sector from the viewpoint of employment
creation could be promoted to a prime position from this viewpoint on the
basis of coefficient shifts which were in any way plausible. The second
conclusion is that estate incomes is an objective where the economic distance
between sectors, even on average, is extremely marked and where even dramatic
coefficient changes are unlikely to alter the seétor specific dependence of
this objective. Finally, it is clear that the distance between sectors,
and therefore the cse for a sectoral element in moving towards objectives,
diminishes- somewhat as a rcher menu of endogeneity is introduced into the

analysis.
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However, Table 4, together with the above discussion, is adequate
to indicate the complexity of the conflict between objectives which faces
the planner. In practice, his task could be eased by the calculation of
the slope of the trade-offs between different objectives and this is of .
course a relatively simple tasi given the detailed results which underlie
the tables shown here. But, it could only be solved by the specification
of some social welfare function which would permit a weighting together of
the various objectives. If nothing else, our results clearly confirm that
the planner normally cannot proceed in the pursuit of a single objective
relying on the assumption that he will thereby be furthering other objectives

as well.

4, Capacity ‘constraints

The models discussed so far involve the implicit assumption that
sectoral expansions are not constrained by any shortages of capital capacity.
While this is currently a reasonable assumption for most sectors of the
Sri. Lankan economy, this would clearly cease to be true if any non-marginal
increments to output were considered. Thus the following paragraphs
illustrate some of the issues associated with the introduction of capital

formation as an endogenous part of the analysis.

The standard approach to the incorporation of capacity constraints
involves the use of an "investment accelerator” through which any increase

in output generates a proportionate increase in investment. The difficulty



is that i§ the ratios_of capital : output are assumed constant, and exceed
unity then the output effects of any exogenous increase in demand will be
extremely large since the number éf rountds of secondary demand generation

can easily approach infinity. This result is avoided if a large enough
proportion of the induced demands leaks into imports or if the process is
frozen after a specified number of rounds corresponding, in time, to decision
making horizons. It would also be avoided if it were possible to distimguish

those sectors where an accelrator machanism is likely to apply because of

full capacity working, from other sectors.

In the absence of this first best procedure, ;n altermative
"device" to avoid the problem of an infinité process is to assume rather
arbitrarily, that sectors which produce capital goods have a capacity which
exceeds any induced demands for capital while other sectors are initially at
full capacity and so need new investment as soon as they face any imcrease
in demand however small 2/. The system under this regime is easily solved
since one can simply add the capital : output ratios of the sectors
not producing capital goods (suitably disaggregated by the industries
which supply the capital goods), to the appropriate rows (i.e.
the rows representing the capital goods producing sectors), of the A matrix,
and then invoke equations (3) or (8) above. The results of applying this
procedure to our aggregate SAM are shown in summary form in Table 6. The
rows labelled (a) in the table indicate the mutiples of the direct effect
of epansion which are generated by a combination of the indirect effects

discussed earlier and the accelrator effects. These numbers have little

interest except that they indicate by their magnitude, and by comparison

9/ Though insofar as one is thinking of the increase in exogenous demand
which triggers out multiplier process as deriving from policy changes,
then the icreased exogenous demand on the capital goods sector may
take the form of an increase in investment which the strict logic of
our assumption indicates to be ununecessary.
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with Table 3, that the applicability and interpretation of the results

is changed dramatically by the endogenisation of investment within the

model. Of slightly greater interest are the results shown in the rows
labelled (b) in which the total effects shown in the rows labelled (a)

are divided by the total increase in capital which is induced in generating
these effects 19/. An examination of these effects and their .rankings in the
rows.labelled (¢) indicates the same .conflict:between the vgrious objectives
which was noted earlier, but suggests this to be of a slightly lower degree
than was the case when investment effects were ignored (e.g. im Tshle 3).
However, the main conclqsion from Table 6 is that the model underlying it is
qualitatively quite different from the earlier models in that it involves
very many rounds of indirect effects and takes us into a time dimension which
is certainly far in excess of the medium term one which is at issue in most
economic planning. This is turn means that the incorporation of an invest-
ment multiplier in the manner discussed here may merely obscure the real

issues which are involved in the identification of key sectors for normal

planning purposes.

A somewhat more promising approach is the so-called Semi-Input output
11 .
method proposed in Tinbergen ——/. This approach recognises that many of the
demands which are induced at various stages of the multiplier processes just

discussed, can be met by imported supplies, thus reducing the size of the

10/ This normalisation carries with it the reasonable implication that
capital is a scarce commodity.

11/ J.Tinberger (1967)
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multipliers. The dichotomy in the previous model between capital goods
producing and nom capital goods producing sectors is replaced in the semi-
input output method, by a dichotomy between sectors producing tradeable goods
and those producing non-tradeable goods. Demands on the goods produced by
tradeable goods sectors are assumed to be wholly impor:gd while demands on
the goods produced by non-tradeable goods sectors are assumed to be
domestically produced thereby contributing to the various multipliers. The
latter sectors are identified as those sectors unable to trade due to
transportation costs or socio-economic, cultural or political iwmpediments.
It should be stressed that this approach was originally developed
to identify the 'key' sector that would be selected for expansion in a
first best world where all internationally tradeable outputs and inputs
can be bought and sold at constant prices in perfect world markets,
and where capital is the only scarce factor of production. Within this
framework, the aim is to find that single sector wﬂége product the economy
should specialise in producing for export, while importing, if possible, all
requirements of other traded goods. In other words, the approach is
designed to find the optimum specialisation of an economy in the context
of free trade and perfectly price elastic markets. The conditions under~-
lying this optimising approach are clearly not generally applicable to the
circumstances of the Sri Lankan economy and therefore any proposed ranking
of sectors which its use generates must be qualified by the separate question
(which we do not consider in this raper), of the extent to which, and the

terms on which, exportable surpluses might indeed be disposed of. Equally
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on the import side, as well as implying no import constraint, the approach
implies the maximal effect of expansion on imports and its value for
practical investment alternatives decisions is therefore increased if we

normalise the results on Ege import expansion in order to obtain a clear

picture of the relative merits of expanding the different sectors lg{

These and other results of applying the semi input=-output approach are
shown in Table 7. The ﬁnderiying algebra of the model is presented in

the Appendix to the paper.

The top panel of Table 7 shows the impact of a one rupee expauaion
of the niﬁe international (or tradeable goods) on various objectives and
constraints of development, while the second panel shows the same results
but in their more meaningful normalised form. If we compare the results
in the top panel of Table 7 with those in Table 3, we find, not surprisingly
given our assumptions, that the import effects in Table 7 are always greater
than in Table 3, (for example, the product of the row (i) and row (iii)
entries for imports in Table 3, never exceeds one whereas the:smallest
corresponding entry in Table 7 is 2.32). However, for all other effects,
the consequences of incorporating induced investment using the semi input=~
output method is sometimes to increase these effects as compared with Table 3,
and sometimes to reduce them. Thus, for example, the income effects of
expanding Paddy pfoduction are lower using the semi input=output method than
in the simpler application which included only intermediate and induced
consumption effects. ;By way of contrast the income effects of expanding

Rubber production are considerably larger under the semi input—output

assumptions.

lgj Also see the footnote on pagel4 for one difficulty associated with
this normalisation.
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The bottom panel of Table 7 shows both the normalised effects
of expansion and (in brackets), the rankings of these effects. These
results reveal many of the same conflicts between objectives as are present
in Table 4. In particular, Paddy production occupies the prime position
when the objective is ru;al income but last position when the objective
becomes -urban income. Tea and rubber are the most important sectors
from the viewpoint of estate household incomes bur relatively low in the
ranking from the viewpoint of rural incomes. Comparison of the first,
second and third rows of the éecond panel of the table indicate that the
'correlation between value~added and rural income (the ramk correlation
coefficients are .55 and .43 respectively), which suggest as before a
slight urban bias in an output objective. It is also the case that the
~ correlation between urban incomes and government revenues is still very
much higher than that between rural incomes and government revernues
(rank correlation being .51 and —-.04 re8pective1y). As a final
example, the conflict between urban and rural objectives can again be
brought out by noting that the rank correlation coefficient between urban
incomes and employment is —.10 whereas the corresponding correlation

between rural incomes and employment is .600.

In short the information about certain broad conflicts in
development policy is approximately the same under semi input-output
assumptions as it was when we considered a rather simpler model earlier

in the paper. For completeness, it is also useful to look again at the
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distance between sectors using the semi-input-output results. This
is done in Table 8 which uses the same definitions of distance as those

employed in Table 5, and the normalised results from Table 7.

Table 8 Distance between sectors from the viewpoint of various

objectives. '

Objective Max Distance Avergge Distance
Value-Added 1.33 1.04
Urban Income 2.38 ‘ 1.12
Rural Income 4,22 ’ 1.21
Estate Income 30.50 1.94
Total Household Income 2.54 1.13
Government Revenue 2.18 ' 1.11
Employment 5.08 1.26

Comparing the Table 8 results with those in the last panel of
Table 5 indicates that the average distance between sectors is increased
for virtually all objectives when the semi input-output approach is used,
and that the uniqueness of the estate income objective remains. It would
still seem to be the case that there is enough "srructure" in the economy
to get useful information from a fixed coefficient approach even though

coefficients can alter in practice.
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5. Conclusions

While the conclusions of this paper must in the first instance
be seen as specific to the circumstances of the Sri Lankan ecomomy, and
t
indeed to the aggregation of the data for that economy which has been

chosen, they do provide information which would almost certainly be of

relevance in other contexts.

The main conclusion is that sectors do vary considerably from
the viewpoint of the effect of their expansion on bazticular objectives.
Thus an initial quantification of these differences is of some policy value
in its own right. Unfortunately, these differences are not positively
correlated as between objectives so that several important trade-offs
are suggésted by the results. In particular, our results indicate that
an .output objective is far from being perfectly consonant with a household
income objectivélbut seems to be in greater conflict with a rural than an
urban income objective. A government revenue objective is similérly more
in conflict with a rural than an urban income objective, while an employment

objective is in the opposite position,

A secondary result is that the precise conclusions which one
reaches about the effects of expanding particular sectors on particular
objectivesis sensitive to a degree upon the richness of the endogeneity
which is employed in reaching these conclusions. For example, we show that
one cannot talk about '"the' most employment intensive sector without
specifying the range of indirect effects, if any, which are being employed

to calculate this. On the other hand the time dimensions of ones policy
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interest clearly increases as endogeneity is increased and this ambiguity
will therefore be more apparent than real if one is only concermed with
relatively short term issues. It is especially the case that the

endogenisation of capital changes the nature éf the issues being examined.

Finally, on the question of fixed coefficients it is clearly the
case that many of our conclusions about sector rankings would change in the
face of coefficient shifts. However, the calculations of distance between
sectors which we présent suggest that many of the relativities between
sectors which we show, would prove robust even in the face of large
coefficient changes. This is especially true as concerns the sectoral

dependence of the estate income objective.
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Appendix: The algebra of the Semi jnpput—output approach

In describing this method, we first need to note that the
variables which it involves relate to changes between two time periads
and not the absolute magnitudes as in normal Leontief-type inter=-industry
equations. The commodit§‘balance equations in terms of changes camn be

written as follows for an economy having M production sectors.

%y = ARyt Byt Oyt 2y ®)

where

XM = .Changes in sectoral output (a column vector
- of order M x 1).

AMM = Matrix of technical coefficients of order M x M

(Note: A being an aggregation of the Input=Output
Transactions matrix and an import matrix).
B = Change in net balance of trade or difference

between exports and imports (a column vector of
order M x 1).

CM = Change in consumption (a column vector of order
- Mx1).
Z = Change in output devoted to capital formation

(a column vector of order M x 1).

Consumption is assumed to be linearly related to changes in
income for each of the three household groups (i.e. we assume separate

linear.Engelvéurves for urban, rural and estate households).

Cu = S —
where Sy is the matrix showing the marginal propensity to consume

the M commodities, in each of the three household groups, and Y is a matrix
showing the change in income for each household corresponding to change in

aggregate sectoral value—added defined as:
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where V‘M is a matrix of value-added coefficients (i.e. each cell
shows the value-added share of gross output in a particular sector, J
attributable to each household group). The change in capital formation

output requirements is taken as the difference between absolute magnitudes !

of investment flows during the hase year (0) and terminal year (1) of the

Planning period, as shown in (12) below.

T Zm " Zoy an

2
=

Further, the changes in output envisaged during the plan period
requires additional capital formation the magnitude of which can be derived

through the capital matrix KMM thus:

2o 7 Nedy .

Then substituting equations (10), (1), (12) and (13) into (9), we obtain

Be " Am %t B oy R KX -z )

At this point we have to take note of Tinbergen's objection to
standard input-output procedures by dichotomising the country's economic
structure into two parts. Sectors that can enter international trade by
exporting excess supply or importing to meet excess demand are classified
as 'trading' or 'international' sectors. Sectors which cannot trade due

to transportation costs or socio—economic, political or cultural impediments



are classified as non-tradeable or national sectors. In the disaggregated
Sri Lanka Input-Output Table for 1970 the sectors Construction (36),
Electricity (37), Road Passenge