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INTRODUCTION |

The purpose of the current paper is twofold. Firstly it
extends the analysis of an earlier paper by the authors, {Roe and Tyler 1977a}.
That paper was based on a semi-aggregatéd version of the 1970 Social
Accounts Matrix (SAM) available for Sri Lanka, which incorporated 12 economic
activities. The current paper is based on the full 48 sector accounts,

and seeks to examine the implications of the greater disaggregation.

Secondly, this current paper examines in greater depth the
problem of key sector amnalysis when there are multiple objectives and
multiple constraints, and shows how the choice problem may be reduced

without resource to any specified social welfare weightings.

This paper should be read in conjunction with the earlier paper,
and the qualifications and reservations expressed there apply equally to

the current paper.

PART 1. 2. The Full Data System

The SAM collected for Sri Lanka identifies 48 production activities
(excluding Government, and domestic service) and gives their input-output
structure, the incomes and employment they generate, and the various final

demands for their products.

Table 1 gives tha correspondence between these 48 activities and
the 12 activities used in Roe and Tyler {1977a}. To some degree
classification must be arbitary and in particular the distinction between

agricultural processing, traditional industry and modern indugtry is not



Table 1.

£

Correspondence between the semi-aggregated production activities of

Roe and Tyler (1977a) and the fuliy disaggregated activities.

Aggregation as in

Roe zud Tyler (1977a)

7.

8.

10.

11.

12,

Tea 1
Rubber 28
Coconut 3.
Paddy 4.
Other Agriculture O
6.
Agric. Processing 10.
1i.
12,
13.
14.
Mining - 9.
Traditional Industry 19,
20.
21.
23.
24,
Modern Industry 15.
22.
25.
28,
32,
Construction 29,
31.
Trade & Transport 39.
40.
41,
Services 45,
46.

Full Disaggregation

- Tea
Rubber
Coconut .
Paddy

Livestock 7ic
Fishing 8.

Rice Milling 16.
Flour Milling 17.

Dairy Products 18.

Bread 27,

Other Bakery
Pdct.

Mining

Tobacco Pdcts. 26,

Textiles 30.

Wood Prodts.
Leather & Prds.
Rubber Pdcts.

Carbonated 33.
Beverage
Paper & Paper 34.
Pdcts.
Chemicals & 35.
Pdcts.
Petroleum & 36.

Coal Pdcts.
Basic Metals 38.
Structural 37.
Clay Pdcts.

Cement & Pdts.

Road Passenger 42.
Trans.

Rail Trans.

Wholesale Trade

43.
hé,

Hotels, Restaurants
Prof. Services

47.
48.

Logging & Firewood
Other Agriculture
Dessicated coco. &
copra
Other Processed
Foods
Distilling,blending,
etc.
Caconut Fibre & Yarn

Oils and Fats
Ceramics

Light Engineering
Transport Equipment
Machinery etc.
Manufactures n.e.s.
Electricity

Construction

Retall Trade

Other Transport

Communjications

Dwellings
Other Services



clear cut. Even with the fully disaggregated déta, some activities
identified may comprise of production units based on local agricultural
products, on imported products, and may utilise 'traditional' or very modern
iethods. Thus 'Tobacco' includes both modern cigarette manufacture and the

traditional hand rolling of bedi leaves.

The data of the full SAM is given in Pyatt, Roe et al {1977}. In
Table 2 we present the direct coefficients of various "objectives"
generated per unit of gross cutput of each of the production activities.
Thus, for example every 1000 Rupees of tea produced in 1970 required 196
Rupees of domestic material inputs and it generated 616 of household income,
63Rs of retained profits and 33Rs of government revenue. At the same time

it sustained the employment of .703 workers.

Table 3 gives the rankings of the 48 sectors by the size of the
direct coefficients for each objective and it is clear from this that there
is a great deal of variation amongst sectors that form a single activity

in the semi-aggregated SAM,

Within "agricultural processing", for example, coconut fibre and
yarn ranks 15th from the point of view of 'value added' generation, but

dessicated coconut and copra ranks 48%h,

Within "modern industry" electricity ranks loth, while tramsport

equipment ranks 44th.

This serves to emphasise the problems of aggregation in analysis

and planning. For not only does our semi-aggregated model 'hide' the range



TABLE 2 : DIRECT EFFECTS OF ONE UNIT OF SECTORAL EXPANSION ON VARIOUS OBJECTIVES
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TABLE* 3 : RANKING OF

s

SECTORS Bé SIZE OF DIRECT EFFECTS ON VARIOUS OBJECTIVES
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of characteristics of the component fully disaggregated sectors, but each of
our 48 sectors in turn will consist of many smaller operating units with
equally varied characteristics. Because of this aggregation problem, our
48 sectors csnnot be seen as operational units with given characteristics,
but rather as guides to a range of much smaller operational units within
which there is a high probability of finding characteristics similar to

those of the aggregated SAM activity.

While itself an aggregation of operational units, the 48 sector
model does generate a greater diversity of characteristics than the semi
aggregated model. This is indicated by the maximum and average distance
between coefficients as defined in Roe and Tyler {1977a p.19} and shown

in Table 4.

Since both distance measures are ratios they make no sense where
negative or zero coefficients arise; but taking the value added objective,
which is positive for all the 48 activities, the activity yielding the most
value added per unit of gross output, when only direct effects are considered
(Logging and Firewood), is 138.4 times as "creative" in this respect as the
lowest ranking sector (Dessicated Coconut and Copra).l On average each
sector's value ﬁdded coefficient, in the rank order, exceeds the one helow
it by 16.2%Z. This average distance between each of 48 sectors, compares
with 257 between each of only 12 sectors in the semi-aggregated system, and

a maximum distance there of 7.33.
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8.

3. Indirect R@percussions

The problems of key sector analysis arise not only from the
multiplicity of objectives, but also from some ambiguity as to the degree
of interdependence between sectors which should be taken account of.
Within a general equilibrium, competitive theoretical framework, with an
open, free-trading world economy, in which all products can be traded
internationally, the respective outputs of each activity are in principle

independent despite actual flows of output between sectors.

However, in the operating context of most economies output is
constrained by effective domestic demand. Markets are imperfect, economies
are only partially open to international trade, factors are immobile.

In such a context expanding one sector will generate demand for the products

of the other domestic sectors.

Roe and Tyler {1977a} pp.6-11 present a standard generalisation
of such repercussions in the context of no constraints on capacity, and
fixed, linear input/output, and income/expenditure coefficients. The
indirect repercussions are separated into' intermediate ' effects arising
from the generation of intermediate demands on other sectors due to higher
output in the originally expanding sector, and "induced"_effects arising out
of higher consumption demand due to higher incomes being generated by the

higher output.

In Tables 5 and 6 we present the coefficients of direct and
intermediate repercussions alone, and of direct and indirect repercussions
following a one unit expansion of gross output by each of the 48 activities.
Incorporating such indirect repercussions clearly leads to substantially

higher coefficients than those shown in Table 2. In Tables 7 and 8
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TABLE 5 : DIRECT plus INDIRECT EFFECTS of ONE UNIT OF SECTORAL EXPANSION
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the direct plus intermediate, and direct plus total indirect coefficients
are expressed as mutiples of the direct effect alone (respectively

'Type I and Type II' multipliers), excluding of course, cases where the
direct effect was negative or zero. If we consider the value-added
objective, we find a range of 1.025 to 134.6 for the Typé I multiplier,
and a range of 1.72 to 227.8 for the Type II multiplier, clearly
demonstrating that in analysing sectors, one cannot dismiss the indirect
repercussions of expansion as being broadly similar whichever sector

unidergoes the original expamsion.

The value of the "average" multiplier is unaffected by aggregationm,

provided the average isweighted by the original 1970 levels of the
1/

objective considered.

1/ The most useful concept of an "average" multiplier is the ratio of
indirect + direct changes in any objective to direct changes
that will follow from raising final demand for all activities
in proportion to their current gross output levels.

At first sight it might be thought that this would be equal to
each activity's individual multiplier, weighted by that
activity's gross output, but in fact it is the equivalent of
the individual multipliers weighted by the absolute value of
the objective Being considered.

Taking the case of value added we wish to show that activity value
added multipliers, weighted by absolute value added levels is

the same as the total value added multiplier that will follow
from a change in Final Demand in proportion to current gross
output levels.

cont'dee.oe



Footnote 1.

continued ....

Suppose n activities

Let gross output of ith'activity = G

Let value added of ith activity

14.

i
<
>

then direct value added coefficient..sf ith activity = 'VAi/Gi

Let  total gross output = G

]
5

Let total value added

Let final demand increase by 1,

and be distributed between activities

in prggortion to current gross outputs. The rise in final demand for

the i*D activity is Gi/G

thus the direct value added generated, by the i

G, VA.

th activity is :

o C total direct value added generated is :

VA e

n o s

i

Let M, be multiplier for activity i, i.e. ratio of direct and

indirect value added to direct value added.

Then the direct plus indirect value added generated by the expamnsion

of activity is i 1is:

VA./G x M.
1 1

and the total value added generated by all activities is:

n
5 VA,
i=1 t

/G x M,
i

The overall ratio of total direct and indirect value added generated to
direct value added generated, by a unit increase in final demand

distributed in propgftion to current gross output levels is:

3
I VA, x M.

. 1 1
1=1

I vA./e x M,
1=1 i i
n
I VA./G
i=1 1

i.e.individual value added multj
walina adA~A

VA

pliers weighted by the absolute levels of
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Thus the value-added weighted, average value added Type I multiplier is

1.38 and Type II multiplier is 2.59 in both the 12 and 48 sector models.

On average, therefore, it is higher consumer expenditure that provides the
bulk of indirect repercussions, but at 387 of the direct effect, intermediate

effects are still very important.

The relative isolation of the estate sector is again displayed,
both in the small absolute size of indirect coefficients and in the very
small Type I and Type II multipliers for estate income, arising from the
expansion of Tea anq Rubber where the bulk of estate workers are employed
(see col. 3 of Tables 7 and 8). Also it is clear that industrial activities
by and large gave a larger multiplier effect than agricultural sectors.
However there is a great deal of variation within these sectors, and the
overall differences becomes :less noticeable when consumption induced

repercussions are allowed for.

For example, the Value Added Type I multiplier for electricity
is only 1.12 as opposed to 1.56 for modern industry as a whole, and 2.69
for Transport Equipment. While Traditional Industry on average generates
greater linkages, with a Type I Value-Added Multiplier of 1.94, this does
not apply equally to all component sectors, being 1.35 for Ceramics but

2.27 for Leather and Leather Products.

4, Time Dimensfon

To satisfactorily evaluate the significance of these generally large

indirect effects one would like some idea of the time required for- their
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emergence following an exdogenous demand increase. However, since our
model is essentially static, comparing equilibrium states, this is not
feasible. But it is possible to record the number of 'rounds' of
linkages required to achieve a given proportien of the total

effect and this is done below. The stages whereby the overi‘all

repercussions are generated are illustrated below:

STAGES
DIRECT & INTER-~
MEDIATE EFFECTS (1) (2) 3 (4)
Exogenous Extra inputs Inputs required by etc.
increase in=» required =P extra inputs of
output stage (2)

DIRECT & TOTAL
INDIRECT
EFFECTS

Extra inputs /7
required \\
Extra inputs

required N
Extra Incomes /7 etc.
Generated \
Y

Exogenous
increase in
output

Extra Expenditure/
Requiring Extra
Output \\

' Extra Income

Generated \
JEmployment of A
Domestic Servants \4
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If we take the example of total household income, in the case of direct
plus intermediate effects, Round 1 consists of income earned in the
initial expansion of activity output, Round 2 is the extra incomes
earned in activities which expand to supply inputs to the initially
expanded activity, ;nd 8o on. These two rounds alone account for 80%

of the total effect in the case of all 48 sectors, and over 90%Z for most
 of them. By Round 5, all but one activity have generated 99% of their

total effect on household incomes.

In the case of direct plus total indirect effects, Round 1 is
the income earned in the initial expansion of activity output, Round 2
is the extra income earned from supplying extra inputs to the activity
and extra labour services to households, Round 3 consists of extra income
earned in supplying further inputs to sectors expanded in Round 2, and
in meeting the higher expenditure demands arising from the previous income
expansions, and so on. By Round 2, ;t.least 407 of the total effect on. .
household income has been generated in the case of &ll but two of the
48 activities; by Round 5, all but three have generated 75%, and by
Round 10, only one activity has generated less than 957 of its total,

direct and indirect effect on household incomes.
Recognising the large absolute size of the indirect repercussions
and the relatively early stages at which they arige, it is clear that some

allowance mst be made for them in any medium term plamning exercise.

5. Key Sector Evaluation

Problems of Choice arise because of constraints on actions.
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In the context of economic expansion, consfraints may include labour

supply, balance of payments requireménts, capacity,\a&ministrative

ability and so on. 1In the context of Sri Lanka, the key short term
constraint in recent years has been the b#lance of payments. ‘If this

is taken as the only constraint, then activities should be evaluated not

in terms of the total benefits as identified above, but in terms of the
benefits per unit cost to the balance of payments. Where some sectors
export a whole or part of their prdduct such evaluation is not simple,

since in the absence of any other constraint the foreign exchange constraint
can be completely relaxed by a sufficient expansion of export sectors.

In the full Linear Programming context, a variety of other constraints are
possible, and some steps towards incorporating these are made iﬁ section 11.
For the moment we assume no new exports, i.e. we ev#iuate sectors,

assuming an increase in domestic demand for their produc;, in terms of

objectives achieved per unit of imports required.

In Table 9 we'give the total direct and indirect objectives
achieved per unit of total imports required. In Tables 10,11412 we give
the rankings for the various objectives in the case of direct plus
intermediate, direct plus total indirect, and direct plus total indirect
per unit of total importsy effects. respectively In conjunction with
Table 3, we can see how rankings change, both as a more comprehensive
view of repercussions is inc6rporated and as objectives vary. Tea, for
example ranks, in terms of value added, 18th by direct effect alone,
29th when all indirect effects are considered, and 32nd when the total

effect is normalised against imports. In this last case, the rank of
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TABLE 9 : DIRECT plus INDIRECT plus INDUCED EFFECTS PER UNIT OF IMPORTS
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'TABLE 10 : RANKING OF SECTORS BY SIZE OF EFFECTS (DIRECT plus INDIRECT) on
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RANKING OF SECTORS BY SIZE- .OF EFFECTS. (DIRECT
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TABLE 12 : RANKING OF EFFECTS (DIRECT plus INDIRECT plus INDUCED PER UNIT OF IMPORTS
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4. (3 - N 3 h
tea varies from 5th when employment creation is considered to 39t when

urban household income is the objective.

Looking in detail at Table 12, col.6, we see that, from the
point of view of value added, the first five 'key' sectors are Petroleum
and Coal Products,l/ Wholesale Trade, Dessicated Coconut and Copra,

Coconut, and 0ils and Fats.

From the employment point of view the highest ranking sectors
are Paddy, Rice-Milling, Rubber, Wood Products and Tea - a completely
different set of sectors. General 'conflicts of objectives' are clearly
illustrated by the rankings. As discussed in Roe and Tyler {1977a, p.17}
these conflicts can be summarised by calculating coefficients of rank
correlation between objectives and Table 13 gives a full matrix of rank
correlation-coefficients between 10 objectives, as derived from the
semi-aggregated 12 activity data system, while Table 14 presents the same
matrix as derived from the results of the full 48 actiﬁity model.

These results must be treated with some care, however, especially those
based on the 'sample' of only 12 activities, since coefficients may not be

significant, in the statistical senae.zj

1/ Petroleum and Coal Products ranks unusually high because in 1970
imports of petroleum were extremely low, while stocks were run down,
and no adjustment has been made for this.

g/ If there is no real correlation between two sets of rankings then the
expected distribution of estimates of the rank correlation coefficients
r' based on samples of size n taken from the rankings is approximated

Aby the normal dlstrlbutlon having mean O and the standard deviation

CODt inued ¢ o s o o
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We can see from Table 13, that in the small sample case, many
of the coefficients are not statistically significant. In general the
nature of relationships between objectives are confirmed by the 48

activity model, but the contrasts are less marked.

Thus the strategy concentrating on gross output would
favour urban incomes to rural incomes (see last column of Table 13) and
all incomes to employment; there is not, however, in the 48 activity

model an inverse correlation between employment and gross output.

A strategy based on value added (ie. net output) would
similarly favour urban incomes against rural, and all incomes against

employment.

footnote 2/. continued

1 /Jn =T ; providing the sample size is large. Thus if we
wish to test the hypothesis that the rank correlation coefficient
we estimate is not the random result of two unrelated sets of
rankings, with 957 confidence, then the coefficient must be
outside the range:

~1.96 > P! < 1.96
n-1 n-1

For a 12 sample case, therefore, the estimate of the rank
correlation coefficient must be less than -.59 or more than +.59
to be statistically significant at the 957 confidence level,
while in the 48 sample size case, the coefficient must lie
outside the range + .29

26.
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An employment based strategy (see col.9 of Table 13) would favour
rural incomes compared to estate incomes, and estate incomes compared to
urban incomes. It would be strongly counter to the aim of raising

government revenue.

Other institutions' ineomes (i.e. profits) are related most
closely to urban incomes and have a very low correlation with employment

(see col.5).

In the semi-aggregated case, government revenue has a negative
correlation with rural and estate incomes, and with employment. 1In the

full 48 activity model, the correlations are positive but very weak.

Thus our analysis does appear to illustrate the 'dual economy'
picture of Sri Lanka in which a high income, high profit, high government
revenue urban sector contrasts with a high employment low productivity
rural sector. 'Since highly labour intensive sectors usually provide
incomes for the poor, the classic choice presents itself of a rural based
strategy, to achieve high employment and reduce poverty, and an urban
based strategy to generate high output and high re-investable profits and

government revenues.

Our disaggregated analysis does indicate a degree of flexibility
in policy choice because it does identify a number of labour intensive,
but predominantly urbaﬁ, activities (fishiug, dessicated coconut and copra,
structural clay products, trade) and sectors that are both 'profitable'
and labour intensive (Coconut, fishing, other agriculture, mining,

tobacco products).
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Finally we look again at the 'distance' between sectors as
an indication of the value of disaggregated analysis. The results for
the 48 activity analysis pres;nted in Table 4 coﬁfirm the overall picture
presented in Table 5 of Roe and Tyler {1977a}. Namely, that when a
greater degree of endogeneity is introduced into thé model, the results
indicate smaller contrasts between the impact of activities on various
objectives than was formerly present. Taking the value-added objective, while
there is an averagé of 16.2% difference between direct-coeificients
‘in the rank order, there is only a 2§% difference when total indirect
repercussions are allowed for - although of course, this represents a
wide total spread over 48 sectors ,220% in fact, In the import constrained
case, the average distance is 5.6% in terms of both value added and
employment., The rankings as presented are probabiy quite sensitive to
data errors and changes in economic structure over time, but the conclusion
that there exists a great deal of overail variation amongst activities in
their potential iﬁpaét on the various objectives remains. Thus the

complexities of amalysis and planning cannot be evaded.

6. Semi Input-Qutput Model

Roe and Tyler {1977a} also consider some models incorporating
a capital/accelerator relationship, under conditions of capacity constraints.
Here we present corresponding, disaggregated results for the Semi Input-

Output model, examined in PP-23-35 of the earlier paper.

The model splits the 48 activities into tradeable (internationally)
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and non-tradeable sectors,
and assumes expansion of tradeable sectors requires direct investment in

these sectors, and induces investment in non—-tradeable sectors.

Sectors 1 to 36 of our 48 activities (Tea to Manufactures
n.e.s.) are assumed tradeable, and sectors 37 to 48 (Construction to
Other Services) are assumed non-tradeable., Table 15 presents the
disaggregated capital-output matrix for the 48 activities i.e. the total
capital required and its distribution in terms of supplying activities
(but including imported requirements). The conceptual and practical
problems in devising capital/output ratios should be recalled in the use

of this Table.

Tablel6é gives the comprehensive effects on various objectives
of expanding the output of tradeable sectors by one unit, under Semi
Input/Output assumptions. Table 17 normalises these effects w.r.t.
imports, while Tables 18 and 19 present the rankings of the 36 sectors
for the various objectives and for the normalised and non-normalized

cases.

Because of the wide variation in capital output ratios, we
observe substantial changes in rank order, when we compare the
'comprehensive' effects of Table 19 with those of Table 11. With its
capital output ratio of 5.20, involving substantial demands on the
Construction sector, '"Rubber' becomes the largest generator of income

and employment, while Paddy, with its low capital requirements generates
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relatively little income, and relatively less employment.

Taking the Value=-Added series, the rank correlatipn coefficient
between the Semi-Input Output results of Table 18, and the first 36
activities of the no capacity unconstrained model results of Table 11,
is only .371., Normalising the results against imports, as in Tables 19
and 12, yields no greater correlation, the coefficienr for the respective

value—added rankings being .362.

The choice of comstraint, nature of model zssumed, and view
of trading possibilities clearly, therefore, play an important role in

defining the relative attractiveness of economic activities.

In Table 20a we present the matrix of rank correlation
coefficients between ten objectives, for the results as normalised against
imports. Table 2la gives the same matrix for the semi-aggregated results

presented in the earlier paper.

Again, especially for the semi-aggregated model results, many
of the coefficients are not statistically significant. Nevertheless, the
overall picture derived from the earlier model with capacity constraints
is sustained, urban income is more highly éorrelated with 'other
institutions income' (profits), and Government Revenue, while rural income

is more highly correlated with employment.

However, unlike the case in the results with no capacity

constraint, and the results of the semi-aggregated semi I/0 model, the
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full system results of Table 20a show urban incomes as having a slightly
lower cecrrelation with value added than rural incomes (the difference, of

course, not being significant.)

Table 22 presents results on the maximum and average distances
between coefficients, for various objectives. Normalising with respect to
imports tends to reduce the disparities between activities, but nevertheless,
to take the example of value added, each of the 36 sectors' effects is 4.7%
larger than the next sector in the ramk order, while in the case of

employment this distance is 8.7%.

Finally in Tables 23 and 24 we present the coefficients of the
full semi-input output model normalised against capital requirements, and
sector rankings, on the alternative assumption that capital, rather than

imports is the constraining factor on economic expansion.

Such an alternative normalisation does yield significantly
different results. The rank correlation coefficient (in the case of
value-added) between the non-normalised results, and results normalised
against capital is only 0.027, while between results normalised against
imports, and against capital it is 0.605. Thus again the results stress
the importance in analysis of correctly specifying the qdnstraints. In

Part 2 we will consider the possibility of allowing for multiple constraints.

In terms of conflicts between objectives, the Rank Correlation
Matrices (Tables 20b and 21b) for the results normalised with respect to
capital show the same characteristics as the results normalised with respect

to imports.



Table 22.

41.

Distance between Sectors from the Viewpoint of Various
Objectives - Fully Disaggregated, 48 Activity, Semi-Input Output Model

Urban Income

Rural Income

Estate Income

Total Household Income
Other Institutions Income
Value Added

Government Revenue
Savings

Imports

Employment

Gross Output

Comprehensive

Normalised w.r.t. Normalised w.r.t

Effect Imports Capital
Max. Average Max. Average Max. Average
10.45 1.073 4.93 1.048 4.13 1.044
12.92 1.079 9.41 1.070 10.01 1.074
120.00 1.179 87.00 1.202 78.00 1.175
12.30 1.078 5.19 1.050 5.52 1.052
14.89 1.085 5.69 1,052 7.35 1.063
11.79 | 1.078 4.61 | 1.047 4.67 1.046
10.74 1.072 29.66 1.126 24,89 1.121
11.50 1.076 4,02 1.049 5.13 1.049
8.32 1.070 | - - 4.83 1.048
19.67 1.092 14.65 1.087 15.90 | 1.089
2.26 1.024 3.67 1.041 6.49 1.058
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PART 2. 7. Analysis of Multiple Objectives

There is, of course, no constraint which forces governments to
have only one objective of economic policy. In the normal case of
multiple objectives, the government's choices depend upon the relative
weight attached to the different objectives. The "rational" decision -
making authority will implicitly, though rarely explicitly, have a
multi-dimensional objective function describing a set of trade—offs
between objectives. This in turn will be confronted by a set of production
possibilities as defined by the characteristics of the various economic

activities.

Without a prior knowledge of the Governments objective function,
a unique ranking of activities will not be possible. However, certain steps
can be made to delimit the choice problem without such prior knowledge of
'welfare criteria' (other than, more is preferred to léss, of any objective).

It is to this which we now tumm.

8. Absolute Dominance

Obviously, if an activity ranks higher than another, for all
relevant objectives, it absolutely dominates that sector irrespective of

any objective function.

If we take our no-capacity constraint model of Part 1, and
incorporate the foreign exchange constraint assumption, then the results

of Table 9 represent the range of "production possibilities" achievable
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by expanding any of the 48 activities identified, while Table 12 represents
their rank order for each of ten conceivable objectives. Table 25 selects
four of these potential objectives (value-added, total household incomes,
rural household income and employment) and lists the activities by their
rank order for each objective. The lines drawn then trace the movement

of activities through the rankings as objectives change. So, for example,
sector 28 (Petroleum and coal products) ranks 1lst in terms of value-added,
9th in terms of household income, 22nd in terms of rural income and 23rd in
terms of employment. Every crossing over of objectives implies that no
absolute dominance can be established by one sector over the other, while
a clear choice can be made ( assuming only these four objectives specified
are relevant) between all sectors whose lines do not cross over at any

point.

Thus we can conclude that Paddy(4) is preferable to all the
activities listed below it in the Value-Added colum. Leather and Leather
Products (23) is preferred to all activities below it in the value-added
column other than activities 40, 1, 30, 36, and 48, and is dominated by all
sectors above it in the value-added columm, other than 31. Thus in only
6 out of 47 other activities does a conflict of objectives arise in the

choice between Leather and Leather Products and alternative activities.

Thus, by this very simple method, progress can be made in
delimiting the choice problem from the partial viewpoint of the choice

between one sector and any other.



*
Table 25. . Changes in the Rank Order of Activities {1 - 48}

with changes in the Welfare Cbjective

RANK VALUE ADDED TOTAL RURAL TOTAL
ORDER HOUSEHOLD HOUSEHOLD EMPLOYMENT
INCOME - INCOME

1.

2.

3.

4.

5.

6.

7.

8.

9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24, : \ 27
25, - : 36
26. 37
27. 39
28. 7
29. 48
30. . 40
31. 5
32. 18
33. ; 47
34. - : _ 23
35. 20
36. 22
37. ‘ _ 31
38. 17 ’ : 17
39, 14
40. ~ 25
41. - ' 15
42, 34
43, ' : ' 33
44, - 32
45, 35
46. 11
47. 13
48. ' : 12

*
See Table 2 for a listing of activities with their reference numbers, 1 - 48.
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9. The Production Possibility Frontier

Given the fixed linear relationships underlying our models, the
choice problem can be simplified even further. From the range of
production possibilities, we can define an n -~ dimensional production
possibility frontier, for the n objectives, representing the potential
production of a set of technically efficient activities, a subset of the
total number of activities, from which the "best" sector, Qr combination

of sectors, must be chosen by any "rational" objective function.

This is best illustrated by an example of the case with two
objectives only, namely value-added and employment. (Assuming still that
we have just the one constraint, foreign exchange). Diagram 'A' positio&s
the 48 sectors in a two-dimensional space by reference tc the value-—added
and employment, they generate per unit of imports required.* In our
linear model, the production possibility frontier is given by the linear
combinaéion of activities which are (a) dominated by no other activities,
(b) dominated by no linear combination of other activities. In Graph a
we can clearly see that these conditions are met by the activities 4 and
28 (Paddy, and Petroleum and Coal Products) and the linear combination of
these two activities provides the frontier. Retail Trade (42) is dominated
neither by Paddy nor by Petroleum and Coal Products, but is dominated by a

linear combination of them.

The precise mixture of Paddy and Petroleum and Cocal Products
which is "best" still depends on the objective function, on hov it weights
jobs as opposed to income, but we have defined a subset of just two
technically efficient activities, which make up the production possibilitv
froutier.

l} Based on the results presented in Table 9:]
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To illustrate a more complex situation, we have already noted
(footnote p. 11 ) that the position of the Petroleum and Coal Products is
an artificial one due to abnormally low crude-oil imports in 1970. 1If we
thus eliminate this activity from our alternatives, then the frontier shifts
down to that comprising Paddy (4), Wood Products (21), Retail Trade (42) and
Wholesale Trade (41). Any objective function (involving value-added and
employment) will pick at most a combination of two adjacent activities as the
"best" activity to expand. (It is of course also possible to isolate

activities close to the frontier).

Where we have more than two objectives, we cannot isolate the
production possibility frontier graphically, but the activities on the
frontier can be selected by finding all the activities which' achieve first
ranking for all reasonable pbjective functions, considered in tum. The
proceedure is illustrated for the two dimensional case in diagram B below;
we assume a range of linear objective functioms, O to 10, and these identify
3 activities, A,B, C, on the frontier, as these are the only activities that
achieve first ranking for any of the alternate objective functions. The
frontier, once isolated, is of course the same, whether the actual objective

function is linear or not.

Diagram B

A

Obj?ctive

Objective 2
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Mathematically, we run through the combinations of alternaiive
weightings for each objective, from O to infinity, éelecting each time the
activity which yields the highest combinéd welfare "score" for a given set

of weights.

In Table 26 we list the activities which enter the production
possibility frontier as we add new 'objectives to the objective function.
When the Iist of objectives is extended to 5, we find 11 activities on the
production possibility frontier, some of wﬁicﬁ are only selected if
extreme weights are given to one cbjective. Thus tea is selected only

when estate incomes are the dominant objective of policy.

Given, as we have stated earlier, that our activities are really
only guides to the probable characteéristics of smaller operational units,
the main value of this methodology must be to allow & more efficient
allocation of the skilled manpower engaged in planning,; research and data

collection.

The ‘complaint is often heard that it is a shortage of suitable
projects, rather than investable funds, which limits investment in many
developing countries, and this in turn may be attributed to"having too few
- qualified planners spread thinly over a wide range of activities to assess.
Hopefully, our framework would pinpoint in advance areas where successful
projects are most iikely fg'ﬁq"fodnd;“éﬁ& ﬁbul&’fhus reduce the time 'wasted'
in analysing projectsvwhiéﬁ*tuiﬁ“out not to be viable. Our foreign exchange
constraine& model cléarly;would provide a guide to the most fruitful areas
for granting import.}iceﬁces, but does not eliminate the need to examine

I3
0. e e w2 g e e YR G E AN R AW R - SRR



Table 26.

Activities appearing on Production
Possibility Frontier, as Range of Objectives is Extended

510

ADDITTONAL OBJECTIVE CONSIDERED

Urban Income Rural Income Estate Income [Other Inst.Income Employmen1
1 2 3 4 5
Wholesale
Trade
(41)
Paddy (4)
Logging (7)
Retail Trade
(42)
Tea (1)
Coconut Fibre
(27)
Dwellings
(47)
Petroleum
Pdcts. (28)
Rubber
(2)
Wood Pdts.
(21)
Struc.
{ Clay(29)

CTIVITIES
DED TO
RODUCTION
OSSIBILIT

RONT IER
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each operational unit, which may differ from the general activity to

which it belongs.

10. A Capital-Constrained Model

To illustrate the choice problem with a capital constraint, we
have devised a simple extension of the no-capacity congtraint model
whereby acts of investment to gemerate a unit increase of output of each
activity are compared. Because we continue to assume spare capacity there
are no indirect capital requirements. The total effects of expanding one

activity now comprise of:-

1/ The direct, intermediate, and induced effects of the
unit extra output of the expanding activity.
2/ The direct, intermediate, and induced effects of the

extra output from capital goods supplying activities.

For these illustrative purposes we continue to use the
disaggregated capital/output ratios of Table 15, and we further assume
that domestic activities supply all the capital requirements (in fact,

domestic activities supplied 84.4%7 of capital goods requirements in 1970.)

In any réal, substantive planning exercise, the share of
imports in supplying capital goods would, of course, be a planning variable,

subject to optimisation.
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We can illustrate the nature of this model with respect to
the tea activity. Expanding tea output by one unit,(as shown in Table 15),
involves investment of 1.02 units of which .10 units are supplied by
Iransport Equipment (34), .39 units by Machinery etc., (35), .47 units

by Construction (37) and .06 units by Wholesale Trade (41).

Table 6 gives the total direct and indirect effects of expanding
these capital goods supplying activities and from this we see that the

total value-added generated by expanding tea output now becomes -

Tea s 1.00 x 1,737 = 1.737
+Iransport Equip, ¢ 0.10 x 0.834 = 0,083
+Machinery etc. ¢ 0,39 x0.893 = 0,348
+Construction ¢ 0.47 x 1.439 = 0.676
+Wholesale Trade : 0,06 x 1.480 = 0,088

_) 2.932

To calculate the full set of effects on all the objectives,
by all the activities we multiply the data of Table 6 by a 48 x 48 unit
matrix to which has been added, to the appropriate rows the capital

matrix of Table 15.

Table 27 presents the derived set of comprehensive effects

following the expansion of activities, with an initial investment requirement.
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Table 28 normalises these results with respect to the
investment required (the last colwmn of the capital matrix of Table 15),

while Table 29 presents the rankings for four of the objectives.

When capital becomes the constraining resource, it is clear
that Paddy (4) and Other Agriculture (2) are the most productive activities.
Graph ¢ which identifies activities according to the Value-Added and
Employment generated per unit of capital, shows Paddy (4), and Other
Agriculture (8), to be in a class of their own. Indeed, when we extend
the range of objectives to five, as in section 9, (i.e. urban, rural,
estate and other institutions incomes, and employment), Paddy and Other
Agriculture still remain the only activities on the production possibility
frontier, apart from tea, which only appears when a very high weight is

given to estate incomes.

If these activities, i.e. 1, 4, and 8 are excluded, and a set

of 'second best' key sectors selected, then this new frontier comprises

10 Rice Milling

16 Dessicated coconut and copra

18 Distilling and blending of spirits
27 Coconut fibre and yarn

Considering both first and second best frontiers, therefore,
we can still isolate a subset of 7 out of 48 sectors as being 'technically

efficient'.
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Table 29.

Rank of Activities by Achievement

of Various Objectives per Unit of Capital

OBJECTIVE
Activity Urban Rural Value
Fbusehold Household Added Employment
Income Income

1. Tea 23 20 17 6
2. Rubber 41 37 38 35
3. Coconut 19 17 16 22
4., Paddy 4 1 2 L
5. Livestock 13 9 7 15
6. Fish 17 21 22 20
7. Logging etc. 21 13 19 25
8. Other Agriculture 1 2 1 2
9. Mining etc. 34 27 = 29 28
10.  Rice Milling 20 6 9 3
11. Flour Milling 22 27 = 23 27
12. Dairy Products 25 26 24 30
13. Bread 24 29 28 25
14.  Other Bakery Pdtcs. 18 23 21 19
L3l Carb. Beverages 5 10 6 12
16. D.C. & Copra 3 4 4 5
17. Other Proc. Food 32 32 32 31
18. Distilling Etc. 2 5 3 4
19. Tobacco Products 12 12 13 10
20. Textiles 40 36 41 32
21. Wood Products 30 22 30 16
22, Paper etc. 36 39 37 39
23, Leather etc. 15 18 18 21
24, Rubber Products 28 31 31 26
25, Chemicals etc. 38 40 39 41
26, 0Oils and Fats 26 30 27 33
27. Coconut Fibre etc. 6 3 5 7
"~ 28. Petroleum etc. Pdts. 46 47 43 47
29. Struc., Clay Products 29 24 25 23
30. Ceramics etc. ’ 31 19 26 17
31. Cement etc. 42 44 40 42
32, Basic Metals 37 38 36 38
33. Light Engineering 16 25 20 29
34, Transport Equipment 33 33 34 34
35. Machinery etc. 27 34 33 37
36. Manufacture n.e.s. 48 48 48 46
37. Construction 9 15 12 14
38. Electricity 44= 42 41 44
39. Road Passenger Trans. 39 41 45 40
40, Rail Transport 35 35 35 36
41. Wholesale Trade 14 16 15 18
42.  Retail Trade 7 7 8 8
43. Other Tramsport 10 14 14 13
44. Communications 43 45 46 45
45. Hotels, etc. 11 8 10 9
46. Prof. Services 8 11 11 11
47. Dwellings ) 44 = 43 44 48
48. Other Services 47 46 - 47 43

e ——
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11. Extension to More than One Constraint

By formulating our proceedure in standard Linear Programming

terms we can extend our analysis to cover the case of multiple constraints.

Any cardinal objective function will define units of welfare
achieved per unit of output, while we alsc have data on capital, imports
and other scarce factors required per unit of output. All these can be

calculated in terms of the comprehensive effects, listed in Table 27.

Given the relative size of the constraints the L.P. technique
will select the optimum combination of activities whose expansion will
maximise Qelfare for a given objective function. By running through the
full set of objective functions we can again isolate the subset of
technically efficient activities from which any given objective function

. . A . *
will select an optimum activity (ies).

In selecting and expanding such key sectors there are of course
indirect expansionary repercussions on virtually all the other
activities within the economy, and thus our selection proceedure
does not imply complete specialisation.
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Thus the problem is:

n
Max, Z a, X, where X, = activity output
. a, = welfare produced
per unit of output X,
n = number of activities
Subject to
E —
(k..x,) < K. as j=1tom
o
where f% = level of constraint 3
- available
m = number of constraints
ii = constraint K, required
J per unit of
X,
output q
L
Given a, = ) w.b,. where b.. = objective . created
i 4o 3 ij A
per unit
of output X,
W. ' . .
i = welfare weight given
to objective
L = number of objectives

in objective function

Table 30 presents the required data for three constraints - capital,
imports and “skilled labour" (Professional and Managerial workers), and

two objectives, value-added and employment.

While not affecting the solution in any way, the co-efficients of
Table 30 are in terms of objective/constraint per unit of total direct and
indirect activity output. For example, expanding tea output directly by

1 unit will lead to an indirect expansion of the demand for tea, in fact by
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a further 0.016 units. The capital/output ratio for tea, given in Table 30

is not therefore 1.02/1.000 but 1.02/1.016, i.e. 1.004.

As a proxy for marginal capital and import constraints, we used
the 1970 actual levels of domestic savings and export revenues + net foreign
transfer incomes respectively. Setting the capital constraint at 1 gave a

relative import constraint of 0.9702.

Assuming these two constraints only, and the two objectives of
value-added and employment, Table 31 below monitors the change in 'key

sectors' as the income one would sacrifice to secure one extra job rises.

Table 31
Value Attached to 1 Job Key Sectors Chosen Sector Proportions
Less than 850 Rupees Other Agriculture (8) 0.744
Wholesale Trade (41) | ~  0.256
850 to 1649 Rupees Other Agriculture (8) 0.688
’ Retail Trade (42) 0.312
Over 1649 Rupees Paddy (4) 1.000

In order to maximise welfare subject to multiple constraints,
the number of activities selected for a given objective function, will always
be equal to, or less than, the number of constraints. In the current example,
if our objective function considers the gain of 1 extra job worth the
sacrifice of up to 850R of income then the optimal investment strategy
involves increasing the output of 'Other Agriculture' and Wholesale Trade in

% .
the proportions 0.744 to 0.256 and from the capital—coefficients of Table 30

* ) [ I3 o
There will of course be indirect expansions of other sectors, and we

are not including any cross indirect stimulation the two sectors give
to each other.
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this implies investment in the two sectors in the proportions 0,305 and

0.695 respectively.

If the value-added equivalent of one job rises to between 850R and
1649R, then a combination of .688 of Other Agriculture amd .312 of Retail
Trade is preferred; while if a job is worth the sacrifice of over 1650R
then the best strategy is based on the initial expansion of Paddy alome
( and incidentally allowing some capital to go unused - the import conmstraint

binding first).

Several other constraints can easily be modelled (such as
minima and maxima for the incomes of certain household groups, minimum levels
of employment, government revenue, savings and so on). One further constraint
incorporated was the 'skilled' labour one, as set out in Table 30. Again, as
a proxy for marginal scarcity, the relative supply of managerial and
professional workers was assumed limited to the 1970 numbers in work. Table
32 below gives the key sectors now selected. In each case there were surplus

unused imports.

Table 32
Value Attached to 1 Job Key Sectors Chosen | Sector Pr0poftions
Less than 4200 Rs. Other Agriculture (8) 0.852
Cement (31) 0.148
More than 4200 Rs. Paddy  (4) 0.754
Cement (31) 0.246
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Thus, Cement enters the reckoning, because, as Table 30 reveals,
it has very low 'skilled' labour requirements, while still generating

reasonable levels of income and employment.

12. Conclusions

The extension of our data base from 12 to 48 activities invalidates
none of the conclusions reached in our earlier paper. It serves, however,
to emphasise the wide variation of characteristics that exist as between
activities within the economy, which cannot satisfactorily be reduced to
any simple generalisations. Conflicts do arise between objectives, and
there is a wide range of characteristics within 'agricultural', 'processing',
'traditional','modern' and 'service' sectors as well as between them, so

necessitating disaggregated analysis.

The second part of this paper has illustrated some of the advances
that can be made in isolating "efficient" activities from a disaggregated
data base with many activities. A much richer range of constraints and
objectives can be introduced than we have considered here. However, there
comes a point where the data input becomes so extensive that a fully

optimising, economy-wide model can be constructed with little further effort.

The exgercises undertaken do serve to underline the lack of
sophistication in many key sector/linkage studies which appear to take for
granted the objective of economic expansion (gross or net output); the
constraint on expansion (capital, or often none at all); and the degree of
endogeneity of the model (often only direct and intermediate effects in our

terminology).
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Our paper exposes the complexity of the many aspects involved
and raises a question mark over the ability to separate key-sector analysis

from the overall economy-wide planning framework.
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