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PRODUCTION CHAINS

Summary

Triangularization of input=-output tables is the normal method to determine the
hierarchy of industries in the production process. The present paper

formalizes the notion of production chains in order to obtain an alternative

method with considerable conceptual and computational advantages. Production
chains are sequences of transformations of products by successive industries.
These can be calculated from input-output tables because each term of the
Taylor series representation of the Leontiev inverse corresponds with one
transformation. The degree to which a transformation is major or minor can be
operationalized by measuring the amounts of value or employment per unit of
output added in each transformation. In addition, both the numbers
transformations through which each industry's imputs go (backward
transformations) and that of its outputs (forward transformations) may be
calculated. Using these concepts, the much toc restrictive hierarchy obtained
by triangularization can be replaced by a number of other characteristics like
the 'distances' between industries, the distance from an industry to

consumption and that to primary inputs.



1. Introduction

Each industry has its own place in the economy. An industry purchases goods and
services from other industries and vice versa (for short we will use most of
times the term goods when we mean goods and services). Besides, frequently an
industry will also supply to final demand categories. A good that has been used
by an industry could be considered as being embodied in the products of that
industry, even though we can no longer identify it as such. Would we follow a
good on its path through the various stages of production processes we would
notice that it is repeatedly embodied in a product before it finally "arrives"
at its destination, the final demand categories. This progressive advance we

will call a production chain ,

It has been often suggested that by triangularizing I0-tables the
existence of a production chain can be made visible. This is based on the
assumption that a lower placed industry will supply to a higher placed one
while the reverse will not be true. Analyzing a production structure by
triangularizing the I0-table has its drawbacks:
1. triangularizing is nothing more than ordeqing the industries;
2. the ordering depends on the dimensions of the table and therefore does not
give fixed characteristics of the industries;
3. the method is instable when the values of a number of cells are close to
zero;
4. the calculations demand the utmost of computer time (for any increase in the
number of industries computer time growth with nz.n!);
5. the ordering is very sensitive to relative changes in prices;
é. circularity = the direct or indirect delivery by an industry to itself -

¢cannot be taken into account.

Besides these drawbacks one might also wonder on what base the
triangularization should be carried out. Should we take the value in déllars,
the cumulated coefficients or even apply other standards? Each option has its
own peculiarities while their respective results are difficult to compare and

their differences are hard to interprete. An extensive appraisal of these

problems can be found in uessels1.



In studies on this subject quite often Leontief2 is cited:
“The triangularization of a real input~output table - that 1is, the discovery of
its peculiar structural properties =~ is a challenging task"™. In our opinion the
analysis of the economic structure is emphasized here, for which

3 applied this method to

triangularization is a tool. Chenery and Watanabe
compare productions structures of several countries. Anjac and Massor\4 tried
to avoid the problem of the many potential permutations by creating a linear

ordering, based on the principle of the "most important purchaser',

To minimize the influence of the final demand categories Simpson and
TSukui6 used the input coefficients as basis for their triangularization;
small coefficients were simply neglected. When they compared tables of
different countries they noticed that between industries fundamental inter-

7 studied the

dependences could be recognized. Korte and Oberhofer
mathematical backgrounds., They presume that the ordering by means of
triangularization yields such a unique result that this ordering will best

8-11 has published many

represent the industrial hierarchy. Helmstddter
articles on triangularization. In one of them he wonders how long the distances
- measured in time - between the various industries would be. In the case of
perfect Linearity this question is easy to solve, but when circularity is
involved the situation becomes very complicated. He also touches on the
relation between the time of investing and the lag till the expected growth of

12 use triangularization to compare the

the consumption. Lamel et al.
production structure of different countries and confirm the assumption that
there exists a relation between the level of development of a country and the

13 compared the

different forms of interdependence between industries. Dubek
production structures between Austria and Czechoslovakia and concluded that the
influence of technology on triangular properties of the table is not big and
that, when one wants to Locok at possible technological similarities between

countries, this technique should be used with the greatest restraint.

The purpose of this article is to develop a method which will enable us to
“see'" a kind of hierarchical structure between industries. This method will be
much less troubled by the above-mentioned drawbacks than triangularization. It
is also less sensitive to differences in classifications and to different
levels of aggregation. We have also, more or less, succeeded in eliminating the

influence of different relative prices.

Qur starting point is the existence of production chains of different

lengths; every industry is the central link of its production chain. The



length of a chain is determined by the number of production steps; an
intermediate delivery from one industry to another is considered as one step.
Later the steps will be subjected to weighting, based on value added and
employment. In principle a production chain is stretched out from scratch to

consumption.

The method has been applied to a special Dutch IO-table with 317 entries; the

results will be published on a Level of 179 industries.

One of the by-products of the calculations is a matrix which represents the
“numbers of (weighted) steps' between industries. Since every industry is the
central link of its own production chain one cannot simply add or subtract
positions on the various chains. The direction is of great influence: comparing
two indusries A and B the difference between A B and B A could be very

large indeed.

2. The total input-output table

The purpose of our analysis is to establish the lenygth of the production chains
that links original inputs to their final destination. This cannot be done with
the standard IO-table, since the latter contains a number of categories of
primary costs that do not contain original inputs, as well as categories of

final expenditure that are not the true final destination.

Thus the categories of primary costs can be broken down as
1. net value added;
2. imports;

3. consumption of fixed capital.

0f these, only net value added represents inputs that have not gone through
previous transformation. Consumption of fixed capital reflects the using-up of
the past investments thatare the result of earlier flows through the production
chain. Imports consist of goods and services that have passed through
production chains abroad and, frequently, at home as well. Clearly we would
underestimate the length of the production chain if we ignore the fact that
consumption of fixed capital and imports are based on earlier flows through the
production chain. Hence the chains underlying these two categories have to be
incorporated in the IO-table we are to employ. Thus this tabLé has to be

adjusted.



The original primary category of imports is broken down in a separate table
of imports, that are competitive with the corresponding uvutch industries. for
those goods which cannot be produced by Dutch industries additional rows and
cotunns have been created. The columns have the input structure of the
countries of origin, In a similar way rows and columns for different types of
capital goods are introduced. The ruws of these “pseudo-industries’” contain the
depreciations, the columns the relative contributions of the industries that
produced the particular baskets of capital yoods. In this way we have
constructed a new table that contains a row Q*' with the net value added and

an intermediate matrix

x . . . . . .
Here Ad 13 the domestic intermediate matrix with the added pseudo=-
. . . * : . .
industries, while Ap represents the matrix of imported products, bruken
down accurding to their Dutch counterparts and extended with rows and columns

for the non-competitive imports.

The matrix A" represents totat intermediate deliveries, i.e. including
those abroad and over time (capitall, corresponding to the original final
deliveries of tihe Dutch I0-table. However, the production totals
of the original table should Le supplemented by the production totals of the
newly created "industries" fur non-competitive imports_and capital consumption.
The vector obtained in this wuy allows the determination of a matrix of i1nput

coefficients

x* § * - % _ . 2y

The matrix A" may be called the matrix of "total input coefficients' . It
shows the total input structure associated with the Dutch intermediate and
final demand: the usual domestic input structure supplemented with that of
imports and capital consumption. The only primary input is value added. All
production chains underlying the cther ori.ginal inputs have been incorporated

in this matrix.

The original final demand categories are:
1. consumption of households and goverrusent,

Gross investments;

o
.

inventory changes;

HoWw
.

exports.



Only the first one is a bona-fide final destinaticn. Investwent goods will
be empLoyea in future production processes and so will contribute to future
production chains. Inventories and exports will not become final commodities
until they are absorbed by domestic or foreign consumption, directly or by
entering foreign or domestic production chains again. Thus we should actually
analyse the deliveries to consumption only and eliminate the other categories.
This requires modifications of the intermediate deliveries and primary costs
both: .their deliveries attributable to these categories of final expenditure
must be removed. This can only be achieved by first calculating the cumulated
input coefficients and then multiplying these with the consumption vector. In
this way we obtain the primary costs and intermediate deliveries connected with

consumption only.

We can now calculate the total production belonging to a2 closed economy with

an input structure that closely resembles the Dutch one. We obtain

-~ -t
tho= (1 - AN * )
where ¢* is the consumption vector.

We call the economy closed because it contains all production steps from
scratch to final consumption. Thus it can be considered as being closed in both

time and space.

Multiplying (3) with the input coefficients we obtain the intermediate

matrix of the closed econdmy

(&)

-+
O %

The next step is the calculation of the vector of the coefficients of the

net value added

o= vt (5)

The net value added of the c¢closed economy becomes

* = 9* X (&)



In nearly the same way we can calculate vectors for other effects like

employment
t.=1 ¢ t 4]

So, proceeding from a specified consumption - in our case the Dutch consump=-
tion - we have constructed the intermediate matrix A" , which completely
describes all the necessary production processes. There are no imports and the
consumption is the only final output. The consumption of capital goods has
completely been taken into account. One consequence of the addition of pseudo-
industries to A® is that - when we track a good in its path trough the
various production processes — a step via a capital good has to be considered
as a double step: first a delivery to a pseudo~industry and then one to the
industry that in reality will consume that particutar good. We can justify this
by taking the view that the installation of a capital good and the production
of a good with the de facto help of that capital good can be seen as two

separate actions.

Suppose we have a matrix A, partitioned in 4 submatrixces Aqq, Ao,

A21 and AZZ‘ We defineAA as

A= (A* c* (8

We find the Leontief inverse

(1 - B'= (1 - K‘c')" (1 -~ 857" ¢* (9)
0 0

Like the standard Leontief inverse here every column represents the cumulated
input of an industry. However, in (9) we find in the last column the cumulated
input of the final demand category consumption, which implies that this column
is treated like any other industry. Of course the other industries do not
contain inputs from the final coluwn, which is why the bottom row of both (3)

and (9) contains nothing but zero's.



From now on we will call the last column of (8), ¢* extended with an
element z2ero, the consumption vector c¢. In the same way we construct the
vectors v and L. For t the added c¢lement is the column total of c. The

coefficient vectors v and 1 are obtained by
v=v it o

an

—1
"
o
(el
3

R, = At 12>

B o=t~ A (13
The importance of these matrices will become clear in thé next chapters.

3. The number of forward transformations

The cumulated output coefficients (i,j) in the Leontief inverse (I - Xo)"‘
indicate which part of the output of industry i is, ultimately, embodied in the
products of industry j. The diagonal element must be at least equal to one,
since all output of industry i is by definition a product of industry i
whereas, in addition to this, part of i's products are embodied in other
industries' output which in its turn may be embodied in i'é output once again.
Since the total I0-table treats consumption as an industry its coefficients are
equal to one: all output of this "industry" is embodied in its "products" and

none in that of other industries.

The Leontief inverse (I = ZOY“ represents the ultimate result of an
infinite number of steps in the production process. The steps may be made

ecplicit by means of the Taylor expansion of the inverse
(I =A) =1+R +A +E +.....

14



The various terms of (14) can be regarded as succesive steps in a continuous
production process. After each step part of the output, newly embodied in one

product or another is ''siphoned" off to consumptiion.

If we Llimit ourselves to consumption, we can easily determine how many
production steps (from now on we will call them transformations) on the average
were needed before one unit of output has 'reached"” consumption. We only need
to multiply every fraction which is siphoned to the consumption with the number

of transformations. Performing this operation we obtain

- -~ L~3
H -1Ao+2Ao +$Ao + ...
2 P,k
~ kZo k Ao
= (1 -A) La-K) -1 1)
o ! o !

What is the interpretation of the non-consumption elements of H ? In every
term of the series expansion a characteristic element (i,]) represents the
output of industry i, delivered to industry j, as a fraction of the total

output of i, weighted with the number of observed transformations.

It is possible that, because of circularity, a fraction of outpur of one
industry more than one time will be delivered tu one ancther industry. In this
case the fraction will each time be accounted for, Lut each time weighted with
the matching number of transformations. S0 an element (i,)) of il contains the
fraction of tne cumulated output i which flows throuyh j, multiplied with the
nunber of observed transformations. Of course this is also true for the
consumption column of i but, since the cumulated ocutput which 'flows' through
the consumption, is equal to one by definition, we find only the averaye number

of transformations until consumption is reached.

A matrix which is easier to interprete can be opbtained by dividing i element=
wise by that fraction of the cumulated output of i, which has been delivered to

i,

A, =fioi(r+h) =11 (16)



Here we define the operation

QFROS = qTJ =f'1J/S..‘J ’ ls”]>U

an

"
o
~
n
v
"
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This implies that for all elements of R an S with the same indices we should

have:

. D> .. T r.. =
513 0 Y 513 r.‘J 0 (17a)
Since the elements of Ko usually are at least equal to zerc, and taking
the series expansions in (14) and (15) into account one can easily realize that

the condition in (17a) is met.

The matrix ﬁf may be designated the “transformations matrix". Its
characteristic element (i,j) represents the average number of transformations
of each unit of i that eventually passes through j, directly and indirectly. If
each transformation by each industry would require the same period of time

v mentions three months, Hack14 arrives at the same results)

(Helmstddter
the elements of the transformations matrix are directly proportional to the

average time that lapses between production by i and the passing thruugh j.

Vhen two industries are to a large degree interdepent, e.g. when i supplies
j with a very large fraction of its output the number of transformations will
be small; the reverse need not to be true! When one travels from London to
Amsterdam the distance is very short., ilowever travelling from Amsterdam to
London and continuing in the same direction the distance becomes very larye

indeed!

4, Foruard en backward transformatiuns

when we introduced the transformation concept in section 3 we started with the
jnputs as they arrive at an industry and considered how they are transformed,
first by the industry itself and next by succeeding industries. The first of
these transformations may be called the industry's "own transformation", the
next ones its '"forward transformation" since they are obtained by looking
forward from the industry. This immediately suggests that one could also look

backward, i.e. consider the number of transformations through which each



industry's inputs have gone prior to reaching it. In addition tu the two
concepts of the industry's own transformation and its forward transformation
this yields the concept of backward transformations. ALl three concepts can
also be considered in terms of deliveries between industries (or for that
matter from industries to conwumption), because each transformation is followed
by a delivery. All deliveries of an industry are represented in the total input-
output table. Thus we define industry's j own transformation as the delivery of
its complete output to other industries or consumption. Given this definition
the number of the own transformation equals one and is just the first term of
an expansion of (16) in a power series of 50. The pure forward

transformations are the indirect deliveries of j to other industries or
consumption; they are given by the remaining part of (18). Analogously, the
number of backward transformations should be defined as the number of times
that the inmput of j from any industry i has been delivered or any industry (or,

eguivalently, incorporated in any industry's output) prior to reaching j.

It is useful to illustrate these concepts by means of an example. Consider

figure 1. where the simplified stituation is shown in which there are just

i = b] O k = consumption

Figure 1. Pure three-industry filiére, value added created only in te first

industry.

three industries i, j and k, with i delivering to j only, j tu Kk only and k to
consumption only. This situation is commonly refered to as a pure 'filiére'.

In figure 1. the situation is simplified further Ly assuming that just industry
i creates value added and has no other inputs; this is indicated by he

rectangles above the arrows. In this case the delivery from i to j is i's "own
transformation"” and those from j to k and k to consumption are its forward
transformations. Similarly, the deliveries from i to j and j to k are the
backward transformations of k. For all three industries, the length of the

production chain is the same, v.z. three transformations.

In figure 2. the situation differs from that in figure 1. in one respect
only: all ndustries now create value added, in equal amounts. For industry i
the situation remains the same as in figure 1.: apart from its own
transformation its output goes through two forward transformations, yielding a

total lenght of the production chain of three. However, for k the situation
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differs. There are two contributions to k's output: k's inputs from j and k's
own contribution to value added. A part of k's inputs from j has been created
in i and has undergone one additional transformation, yielding two backward

transformations, while the other part has undergone one backward transformation.

g,.;8.9 k g 0o consumpt ion

Figure 2. Pure three-industry filiére, all industries create equal amounts of

value added.

The own contribution of k goes through its own transformation only. Thus we

find
1/3 .2 +1/3 .1+ 1/3 .0 =1

backward transformation for k's output. Thus the total length of the production
chain for k's output equals 2 transformations, i.e. one backward and one own
transformation, whereas this was 2 backward and one own transformation in case

of figure 1.

The difference between figures 1 and 2 with respect to the Leng;h of k's
production chain shows that it depends on the composition of k's total inputs,
An industry's 'total inputs' consist of a bundle of physical goods and
services, .each of which have a different origin. To determine the number of
steps through which the 'total inputs' have gone, one has to define a weighting
schee for the components of the physical bundle first., In figure 2 these
weights were value added. Instead, one might also consider employment as a
yardstick, replacing the squares in figure 2 by the amounts of employment added

by each industry. In general this generates different chain lengths.

Both forward and backward transformation may be given a '"physical"
interpretation if a number of simplifying assumptions are made. As was made
clear above, they are descibed in terms of deliveries between industries, but
the rationale for their definitions lies in the physical interpretations. In
the forward case, suppose that each industry produces just one homogeneous
product. Then the number of forward transformations from i to consumption is
simply the number of times i's products are, on the average, incorporated in
other products before they are consumed. Analogously, suppose in the backward

case that there is only one homogeneous primary input, dubbed physical value
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added for convenience. Then the total number of backward transformations of
industry j is the number of times that the average unit of physical value added
contained in its input has been incorporated in the products of preceding
industries in the production chain, including its original creation. The
industry's own transformation can, combining these two cases, be interpreted as

the physical transformation of inputs into the industry's own product.

In the forward case, the above interpretation may be thought to hold true if
the input-output table is so disaggregated that each industry is defined as
producing just one product. In the backward case the interpretation is purely
hypothetical, since in reality the case of one homogeneous primary input does
not occur. Instead, however, one may replace the purely physical interpretation
of backward transformation by that of the number of times a monetary unit of
value added is incorporated in products prior to reaching a particular
industry. That a monetary unit of value added created in different industries,
or in a single industry for different purposes, has a different physical

counterpart does not really matter.

S. Ordering of industries

In section 4 we defined the number of backward transformations between the
industries i and j in the direction of the flows from i to j, as the number of
times that one unit of input created in i is delivered to the industries of the
successive production steps, until reaching j. Naturally, this number is also
the number of times one unit of output of i1 is delivered to those industries
until reaching j. Conseguently, the bilateral number of backward
transformations between i and j equals the number of forward transformations
from i to j plus one, viz. i's own transformation. This number is found in

matrix Hf.

The discussion of figure 2. in section 4 demonstrated that, in order to
obtain the total numbe} of backward transformations of k, the bilateral numbers
have to be weighted; in the case of figure 2 this was done with the value
added. Generalizing this way of weighting we have to know the flows of
cumulated value added from each industry to each other industry. The matrix of

cumulated value added coefficients is given by
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A, =\‘7{(1-K1.>" -1} 18)

The sum of the elements of a column of As equals thatr of AV:

1 o~ = 21 o~
1 Ai i AV . 19

or
it A + v'o= i Q2w

Thus the elements of row 1 of the matrix Kv represent the value added each
industry has to create in order to .enable the production of one unit of output
of the industry corresponding with column j. These are precisely the "tlows"
with which the numbers of bilateral transformations have to be weighted
=~ analoyously to our discussion of figure 2 - in order to arrive at the total
number of backward transformations of each industry. A preliminary step thus is

to multiply each element of Kv with the corresponding element of ﬂf:
H = A, ® H @2n

The operator & 1is defined such that for any three m x n - matrices Q, R
and S holds

Q=R®S e ;. =r... s.., {¥vi,j; 0<igm A U<j<n } (22>

1] ij° Ti3f
For convenience, the left~hand side of (21) is written analogously to ﬁf;
however, unlike ﬁf, the numbers of bilateral forward transformations, Rb is
not the matrix of bilateral backward transformations. Instead, ﬁb is a matrix
with relative contributions to the numbers of backward transformations.” From
it, the total length of the backward production chains is easily obtained by

adding the cells per column

= i F( 23)

pal]
(o %

Element j of Eb now gives industry j's total number of backward
transformations. The total number of forward transformations of j is the
"bilateral" number of forward transformations from j to consumption. This is
the last column of the transformation matrix ﬁf. It can be selected by means

of a unit vector u with elements u(i)
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u(i) = o, G < n); u () =1 (24)

Conseguently, the total number of forward transformations of industry j is

given by element j of
25)

Of course it is also possible to look at both bench-marks simultaneously.
Adding both vectors we obtain a vector which might be called the total

production path

We now look at the relative positicen g on this path

g = (h +0.5 %) : h @7
In this way we have acquired a new ordering (adding J.5 i to Eb dows

justice to the fact that the relative position of an industry is defined at

half way its "own" transformation). While for trianygularization in principle

only one kind of ordering exists, we are here confronted with three

possibilities. Each of them has its own merits and we cannot conclude that

there is a "best" ordering. If we want to characterize industries, it should be

based on at least both backward and forward transformations.

6. Characterizing a basket of goods and services

Until now we have characterized industries by means of their numbers Jf
transformations. But we could also have said that in this way we have
characterized the gouds and services of an industry. Obviously we can extend
this to a basket of goods at servies, e.g. imports, exports and consumption.
0f course we would like to compare the various baskets. For backward
transformations we had chosen to weight the products with their value,

For the baskets we will do the same.

We introduce the following scalars
Sp = 2' hy /2 i (28)

s =2 (hy - D/ 2" i 2%
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where z is a vector containing various products (in value). For z we could sub-
stitute m, x or ¢ (imports, exports or consumption, respectively). The
substraction by i in (28) is needed because ﬁf still contains the

transformation of the industry which produced the goods.

We now define the total chain length and the share of the backward chain

respectively:

s§=sé+1+s§ : (30)
sé = <s§ + 0.5) / s§ G

With the help of these four scalars we can determine the number of
transformations which were or are expected to be carried out on a product.
Applying this to imports and exports should be especially rewarding. It is
possible to develop a measure for the share of raw materials in a country's
trade or for the extent to which it trades consumer durables. for raw materials
the share of the backward chain is low, for durables high. However, one should
be very careful in interpreting these figures: Investment goods have a
relatively low share of the backward chain, because they undergo forward
'transformations' as they are used. The difference with raw materials, that
also go through many forward transformations, becomes clear if one looks at the
number of backward transformations instead of the share of this number in the

total chain.

For the analysis of a basket the characterization of the consumption should
be taken as a bench-mark. This is especially important when we want forward
transformations, since consumption is considered to be the end of the
production chain., Admittedly this does not hold true for every basket Fhat has
the same composition as the consumption basket. It might be concejvable that
part of the contents of such basket will be shipped to consumption, part of it

to other industries. That's why we find

s3>0 G2

Therefore we can only attribute a meaning to the difference S% - S?



7. Transformations weighted with the net value added

When we calculated the numbers of transformations in (15) we assigned to every
transformation the same weight. Intuitively we would want to distinguish
between industries that do not drastically change their inputs and those that
do. Furthermore there are industries which execute more than one transformation
where the (outsider) statistician is not able to register thewm (blast furnaces
are a notorious example, smelting, melting and rolling, and where to draw the
Line?). In theése cases the only solution seems to assigndifferent weights to

different combinations of transformations.

The importance of the contribution to output by the various industries can

best be measured by their value added. So (15) can be transformed to (3Z.a)

-.v::_-. a2 ~2 ;-—3 (32_)
H v Ao + v Ao + v Ao ees t -c
+ A GK +R SRR SR L+ (32.b)

[#] (&) o] [e] (o] (o]
v AP R v RIGRTARIGR s L (32.¢)

o] o] [o] o] (o] Q

which demonstrates how the value added, formed in a particular industry is
distributed among various destinations; (3Z2.b) shows the valué added to a unit
of output after the first round of distributions and the way the newly formed
value added has been distributed among those destinations. The third round
(3¢.¢) is a repetition of the second one with the understanding that the unit
of output now has been distributed for the third time. We are allowed to

rearrange the infinite series as

=V . = % s 52 T 2
HY = V¥ Ao + (¥ Ao + Ao v Ao) +
+ GR+ R TR +E Fa + (33
Vo OVO oV PP

Looking at (15) it is easy to see the analogy. Another way to represent the

series expansion is
-~ & -~
AY = 2_.3 A

~ 11 (54)

"
-
1
x
-
<
=
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x>
—
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Substituting the diagonal matrix of vstlue added with the identity matrix in
(34) we can easily work our way buck to (15). The matrix v now weights the
various transformations, while the identity matrix assigned the same weight to

every transformation.

The next step is to norm the transformations for the cumulated output

RY =RV o (- AT -1} 35)

Analogous to (Z25) we obtain the vector with the weighted numbers of forward

transformations

We now want to know the value added that was formed before a certain
transformation. This value is equal to the sum of all inputs. So the vector of

the weighted backward transformations can be represented by

hy =3 =V (373

= hy + hy ) (38)
The relative position in the productiun chain is given by

g’ = (h; + 0.5 W 0o Eg (39)

Here the individual contribution of an industry to the value added is equal

to its value added coefficient. Entirely analogous to ch. 6 we define the

2,V g2,V

scalars Sé'v , Sf , S

and S:’V for a basket 2.

8. Norming of the unweighted transformations

i

A comparison between the lengths of the weighted and unweighted is not
immediately possible, because both are measured in different units. In the
weighted case the unit of measurement is such that the sum of the backward

transformations and of the own transformations is one; in contrast, 1n the
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unweighted case the unit of measurement is such that the number of the own
transformation is one. Consequently, to obtain comparable concepts, either the
weighted chains uiLL have to be adjusted, or the unweighted ones. In the former
tase, the individual contributions of industries will have to be divided by the
value added coefficients in order to standardize the number of (weighted) own
transformations at one. But the value added coefficients can be very small,

negative or zero. Therefore it is preferable to norm the unweighted chains.

In the weighted case the sum of the backward transformations and the

individual contribution adds up to one (cf. (37)).

Eg+U=i A

We can adjust the unweighted production chains in the same way

he + 3 =i 41)
where

a=i @ (Eb+i) 4 (42)
This implies

hg =h, o (hy + i (43)

Thus Eg indicates, in case of element j, which part of the unweighted
production chain up to and including the production of j's products occurs

before industry j. Similarly we have

hg =hy © Gy + D (44)
-3 . -a -a g,

hs = hb + hf (4%)
aa - = (46)

We now can compare these "normed" unweighted production chains with the

weighted chains.
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9. Transformations weighted with employment

We will now pay special attention to the weighting with employment because

it exemplifies a more general way of weighting. In general, the value added
coefficients, which were used for weighting, have some unpleasant properties.
They can fluctuate sharply in time, they can become negative and in generatl

should be considered as anunreliable standard.

we can safely assume that when we weight with employment the coefficients
will change much more gradually in time. Furthermore they will always be
poéitive and seldom will be close to zero. Also the coefficients will be of

much more interest to policy=-makers.

In weighting with employment we look = for an industry - at the amount of
employment needed to produce a certain quantity of goods that will contain
one unit of cumulated employment. We call this relative quantity of employ-
ment the '‘added employment™ coeffients. The cumulated coefficients are
represented by

L' (I - A, (47)

Analogous to the way we calculated the value added coefficients we find the

added employment coefficients to be the ratio of employment coefficients and

cumulated employment coefficients

Ww=l'e U (1 - &) (48)

We can now substiute W for v in (34) to obtain the weighted employment

matrix

~1{ - =l A e

(I = A -1} 49>

]
-

|
>
~
4]

}=ﬁLo§u-A>-1} (50

Here again in the last column of ﬁ% the vector of the_(for employment)

weighted forward transformations can be found.

= 7y (51)

o
—~—
]
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In a2 similar way to the derivations in ch. 8 we obtain the vectors

Ry =i - (52)
R R .
RS = AL + R} , (53)

(54)

g = (R +us @ : R

The vector Eé indicates the employment qguantity which was carried out
before a certain (unit) quantity was used up by an industy itself; ﬁ#
displais the quantity used in future (including that of the industry itself)
and which can be imputed to tha{ industry. The vector Hé is a measure for
thetotal production chain (weighted with employment) while at represents

therelative position of that industry in the production chain.

10. The adjusted Dutch I0-table

The theory we have developed here has been applied to a Dutch 10-table for the
year 1972 which has especially been constructed for studies. The classification
used for this table rather differs from the standard classification. To meet
the need for homogeneity a table with very large dimensions (317 x 317) was
compiled, which included rows and columns for the non-competitive imports (22)
and the pseudo-industries (28). The imports concerned were mainly tropical
agricultural products, forestry products and mineralts. In the columns the input
structures were recorded, derived from l0-tables of the countries of origin;
the rows contain the c.i.f.=-value of the imports. To eliminate the discrepancy
between these values and the values in producers' prices in the columns, =
estimates were made of the transport costs up to the Dutch border; these were

added to the input structures.

For the wholesale trade industry transport costs can take up a large part of
the inputs. For the sake of homogeneity four new industries were created. From
the input structure of the wholesale trade the transport costs were made
explicit and - depending on the type of transport = brought over to one of the

four columns. A simular operation was carried out for the rows.

11. The results: the transformations matrix

Even though all calculations were carried out with the help of the 317 x 317

table we the results on an aggregated level of 179 industries. Calculating on
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such a disaggregated level eliminates a lot of diagonal elements and,
consequently, considerably reduces the problem of circularity. This vastly

improves the results.

In table 1. we present a selection from the transformations matrix based on
equation (16). Here the distances between the various industries are shown. The
selection has been made in such way that, besides a few exemplary production

chains, only very long and very short distances are shown.

Whenever we come across long distances this means that the industries
involved have nothing or next to nothing to do with each other. Examples are
the "other wearing apparel' industry or the non-ferrous metal ore pits with the
“"other slaughtering' industry. Here more than 8 steps are needed, more than the

steps needed for any of these industries to reach the consumer.

The shortest distance is the one between the non-competitive imports of
tobacco leaves and the tobacco-processing industry. lHere the cumulated output
of the imports takes slightly more than one.step to reach the processing
industry. That it is "slightly more' than one step can be attributed to the

cumulated input of both industries from the processing industry.

In general short distances indicate small indirect deliveries. Usually
industries are involved which are highly interdependent, like poultry farming
and poultry slaughtering, sand pits and ready-mixed concrete industry, etc.

But they do not always need to be interdependent: the distance from poultry
slaughtering to health and medical services is also - understandably = short.
In the case of large diagonal elements the distance of an industry to itself
can be very short; this often indicates a high degree of heterogeneity, e.y.
perfume and cosmetics industries. Table 2 provides an example of a set of
industries where short distances between consecutive industries in a production
chain tead to long distances between industries at the beginning and the end of
the chain. This shows that long distances between two industries do not always

indicate independence.

In general most industries are quite independent of each other. Since in the
transformations matrix the extremes dominate one might consider to use this as a
measure for the degree of independency between industries., However this won't
always do. There are exceptions; one condition is that the production path will

pass through a number of industries. An example is given in table 2.
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Table 2. A subset of industries in an exemplary production path.

exact number of steps rounded number of steps
2 3 4 5 cons. 2 3 4 5
1 cassave 1.173  2.223 3,246  4.447 4.334 1 2 3 4
2 animal
stock feeds 1.223 2.246 3,447 3.534 1 2 3
3 poultry
farming 1.068 ¢.211 1.696 1 2
4 poultry slaughtering 1.035 1.068 1
S hotels, restaurants 1.218

The rounded figures are a fine example of how a "filiére"” (a sequence of
industries, where one industry delivers the main part of its products to the
next one which in its turn delivers the main part to ... etc.) should look
like. In a real economy we will always meet complicated production loops, which
is why tne distances are never integers. Products of poultry sltaughtering are
an example: they can be sold directly to the consumer or reach him via poultry

slaughtering and restaurants.
In table 3. another example of a filiére is given. Here we notice steps

Table 3. A subset of industries in an exemplary production path.

exact number of steps rounded number of steps
2 3 g cons. 2 3 4‘

1 wood 1.031 1.909  2.974 4.923 1 2 3

2 cellulose 1.027 1.912 4,490 1 2

3 paper mills 1.127 3.627 1

4 paper bags 2.807
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85.00 Renting of sovablas .482 1.951 3.e31) . 288 13 180 el 14 [ 19
12.3,32.6,32.82-.83 0tn, Qlass, stone art. 1.139 1.959 4.4098 .413 ad 141 a3 78 171 3
HCI.C Tropical faad products . 2¢] 1.972 1.202 L2382 H 192 56 s 104 188
36.00 flectrical esnginesring 1.149 1,989 4.098 .3%9 54 16} 44 70 RS 155
71,08 Rallways 1.815 2.639  q.u53% L4535 131 184 113 LH 21 76
36.60 Nargarine, oils and fats 2,327 2. 058 §.4923 .530 171 105 isd lid 133 135
34.60 nNetal pachaging 1.53¢ 2.058 4.5%4% Lh43 121 106 138 92 (] 37
51.29 Clwil engineering 1.039 2.064  4.08s .372 58 1q7 a2 54 177 75
$1.1..3-.5 Construction af buildings 1.3581 2.148 4.524 Y 38 104 105 7 13 187
81,104 irable farming 1.11% 2.17Y 5.288 .37 57 189 ) sl 95 a5
$2.1,.2 Plusding, Ctatral heallng tastali. 1.199 2.292 4.397 . 384 3 11q 99 (3] 1id ilg
29.498,30,00 Otner organic chem., fibres 1.709 2.2 4.%939 LY ) 147 1t 128 33 28 45
29.50 Paints, lacgQuers, varnishas, ink 1.568 2,248 “.81% 430 125 112 120 -2 74 55
12.00 Crude oil and natural gas L4213 2.262 1.885 . 250 1t 113 ua 5 it a4
25.48 Hoaden conlalners 1.167 z.292 4.459 L34 &b iis 162 59 848 lo
21.20 Compounded anisal stach feeds 2.30%5 2.313% 5.539 e97 170 115 153 1%a 12} 14
14.10 Forge, stamping and pressing 1.348 2.443 4.791 . 188 97 118 118 S L5 5
Hel.n Cruds oil 1.9¢5 2.489 4.914 A {04 117 123 n 11 a7
37.38 nator veivicle parts and accesuii as 1.502 2.952 4.954 Ty i1z 118 127 74 g1 Y]
29.424 Basic inorganic chamicals a.a.3. 1.¢a? 2.872 §.145 .29 lal {1y 135 8l 33 32
34,90 Blackimiths' workshoups 1.160 2.445 4. 84e .357 2] 128 112 5i 15 13
T72.4,476,.2,76.2,.3 Transpart supparting serv .533 2.568 4. 154 L 283 17 121 86 3 &7 95
2.38 fraight transpart By 5caed . 944 2.549 4.533 .319 L1 122 13s il “0 R 23
29.80 Chamical pesticides 1.9¢4 2.847 5.572 L4482 185 123 151 91 51 41
29.3¢ Pigments and dyes - 1.23% 2.8l2 5.346 RRY ] 189 124 151 ai 73 13
11.48 Csal aining 1.195 2.818 4.811 .35 %] 125 119 50 145 22
24.10C Rageneration of old pepar 1.524 2.422 5.144 . 393 1148 128 135 68 55 52
25,184 Paper aills 1.873 2,427 5.500 .32 153 127 IEYY 35 37 51
29.20 Synthetic resing 1.494 2.8 §.129 .34y 11 123 133 &5 29 LRY
25.1-.2 weod sawing, plywood, venewr . 954 2. 844 4.632 .323 o5 129 11l 33 17 71
62.98 Scrap and waste aatartals trade L8546 2.348 4.52% .300 ia 110 194 19 4% 3
25.38 Bullders' carpeantry, paryuet 1.187 2.7588 4.913 .337 (39 1R 38 122 LT da 114
75.20 Business allied ta arr transpect 1,181 2.787  4.933 W335 82 132 124 42 al [
21.10 Starch and sTarch dertvallves 1. 4628 2.799 5.62¢4 393 113 13} 134 a7 107 LR
37.43 Shipbuilding and repairing 1.4%93 2.4} §.298 328 1ie 134 139 (%] g7 la2
32.18 Bricks and roofing Cilas R Y23 2.415 §.78& .307 Al 135 ile 23 159 74
26.108 B8oard aills 1.818 2.816 §.451 L4190 157 13s 154 75 52 LT
29.18 Synthetic fertilizars 1.862 2.85+ §5.520 L399 140 137 187 ts 7 40
32.73 lan<metalic aineral products 1.293 2.856 5.143% L3488 a5 138 13s a7 102 23
32.51 Concreta articlses 1.7 2.a78 4,99 L1324 54 139 128 is 179 12
19.80 Other aining and quarrying . 985 2.%91s 4.881 L3903 41 140 121 2t 25 ih
32.52,.54 Other cancrete and cemant artici. 1.107 2.948  §5.298 384 49 141 13a 45 138 78
29.61 Industrial gasas 1.917 1.961 4.999 Jdus LY} 142 124 22 84 R
HCI.Jd Coatton and waeal . 389 2.987 . 348 202 9 L3} 1 24 1 25 a2
35.70 Steam<boilers, wsngines and turbines 1. 256 3.048) $.297 L3351 1] In& 140 39 ¥3 11
35.28 netal working machinery 1.103  3.078 5.129 . 309 $5 145 137 25 a7 20
82.00 Forsstry and laggling .918 3.079 &.998 . 284 37 las 138 11 15¢ 1s
1CT.£ Pala oil, pala-kernetls . 994 1.087 §.0482 . 294 LYY 167 132 L4 72 i?
HCT.4 Maize and say beans 1.39) 1.09% 5.488 . 345 100 LY 14§ L3 104 115
312.53 Ready-mized concrats l.849 3.15) §.801 371 132 159 158 57 (%] 43
29.49A Petracheaicais 1.929 1.155 4. 084 e 182 1549 168 72 22 18
35.99 Other aachinery 1.217 1.159  5.32¢ .39 n 151 142 12 a4 121
19.42B Lasic Inarganic slectro=chiemicals 1.55% 3.208 5.7413 . 158 1258 152 187 52 27 29
318,48 Other structurel engluesring 1.202 3.290 $.557 D318 a} 153 150 30 a4 118
34.02 ton-terrous metal foundriss 1.239 3. 297 $.51358 e 77 154 148 23 &7 i
1#C1.8 Cassava L41s 1.134 4.95¢ 228 20 153 128 3 10§ la?
HCI. L Coeal 1.440 3,458 5.908 L3132 10a 184 160 i 150 i
NCI.3 Cellulase 1.508 l.490 5.998 L3118 115 187 185 43 la is
35.30 Other Industrial sachinery 1.518 1.50) §.31s 324 103 154 16l 15 138 21
38.60 Office machinery 1.228 3.518 9.743 L1600 15 159 155 29 90 30
36.20 Scraws. dalts, nuts, springs 1.473 3.5319 6.013 .328 189 1z 165 13 82 12
36.81 lron aad steel foundries .997 3.542 $.519 270 47 181 149 9 &9 3
HCL.? nRinerals 1,804 3.581 4.1355 31813 155 182 171 51 61 27
35.38 Lifting and transparting machines y 1.342 1.504 §5.908 32 ¥ 1e3 159 27 9% 39
17.50 Patlway equipaent 1. 348 3.5488 §.93) TR 9 1&4 182 28 17§ 175
33.30 Mire drawing, stesl cald roliing 1.74% 3.593 4.339 . 354 152 1e8 170 a9 a2 35
35,50 Gears, bearings etc. 1.128 3. b5 §.781 .28} 59 180 154 12 43 13
32.40 Cement, lime and plaster 1.372 31.714 b. 0868 .197 99 162 19 s 24 24
13.20 3Steel pipeas and tubes 1.922 1.731 b.852 L 364 la0 148 178 38 70 &
35,10 igricuitural machinery and equipasat 1.305 1.751 &.u55 . 298 LY} 1649 7Y 17 98 iy
HCI.Q  Stanes 1,260 3,773 4.033 232 al 17¢ 14s 15 1e5 25
35.30 nMachinery for fead and chea. lndustir 1.18% 3.791 5.97a L2482 &1 mn 183 11 1. 40
73.00 Sea transport 1,408 3.al .43 327 128 172 173 %) 56 ?
101X Waad Lbn9 3.923  $.872 .207 23 173 182 3 1 15
34.30 Tanks. ressrveirs, iadusts. pliping 1.817 1.992 6.449 . 299 104 124 172 18 92 (34
13.1..4 Basic iron end non-ferrous setai 2,209 4.1 7.320 .383 149 175 176 5o 40 112
NCI.T Capper 2.535 q.la8 7.9} .34 178 178 178 82 83 18
74.180 Inland water transpoert businass 1.141 4.494 6.83) LY 33 117 174 H 4 1
1CI. M lrea~ore 1.400 &L.884 7.4%4 . 282 127 178 11?7 18 7 113

HCI.0 Hea<ferrsus selal eras 1.89¢ 8.08t 4. 178 317 148 17¢ 17y 19 [} s
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that are smaller than the rounded figures in the table. This is due to the
phenomenon of the 'by-pass' where part of an industries' output will “jump"”
over another industry, while the rest of the output stitl will flow through
that industry. Clearly, for the average distance a by-pass can overcompensate

present production loops.

Returning to table 1. we notice that the transformations matrix is not
symmetric. Just look at both tobacco leaves to tobacco-processing industry
(1.001) and wearing apparel to other staughtering (8.527): for the other

way around the distances are 3.922 and 3.652 respectively.
Finally we draw attention to the fact that the distance from an industry that

produces nothing but capital goods to any other industry should be Longer than

2 by definition.

12. Results: production chains and ordering

Table 4. gives the unueigﬁted numbers of transformations by industry. The first
column, derived from eq. (23), gives the length of the backward chain; the
second one based on eq. (25) the forward chain; the third one (based on eq.
(26)) the total chain length; and the fourth column column (based on eq.

(7)7. the relative positions of the industries in the chains. The next four
columns indicate which rank each industry has with respect to the variables of
the first four columns, respectively. Finally, in the last column of the table
we find the rankings that resulted from a pseudo-triangularization. Here
"pseudo' indicates that not all possibles permutations were taken into account:
we have restricted ourselves to all possible binary permutations and removals

cum insertions into another position of seguences of industries.

Discussing the results we start with the backward transformations. The
industries with less than half a backward transformation may be considered as a
kind of "basic¢" industries: they create almost all value added incorporated in
their own products by themselves. In this group we encounter education, crude
o0il and natural gas exploration, several non-competitive agricultural tropical
products, various services, all of them with small inputs. Note that this group
contains a number of industries that do not belong to the primary sector as
usually defined. Moreover the primary subgroups of Dutch agriculture do not

belong to the group of "basic” industries but to the next group of 0.5 - 1.5
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transformations. Here we also find services that use a lot of devices, like
research instruments. The range of the numbers of backward transformations is
not very wide: at its furthest (2.5 - 3.5) we find industries like slaughtering

and poultry farming and the imports of copper.

The numbers of forward transformations have made a much wider range.
Industries with less than half a transformation can be considered as being
typically consumption-oriented. So we find greenhouse horticulture, various
food=processing, textile and leather industries, scap and cleaning
preparations, perfumes and cosmetics, retail trade etc. The imports of ores are
the furthest away from the consumer (about 5 transformations). For all
industries the distance to the consumer as displayed in table 4. is intuitively

appealing.

Table S. Numbers of industries in various ranges of the backward and forward

transformations.

backward 0-0.5 0.5-1.5 1.5 =2.5 2.5 -3.5 total

forward

0 ~0.5 6 18 12 3 39
0.5 - 1.5 3 21 15 1 40
1.5 = 2.5 4 19 18 41
2.5 = 3.5 1 25 11 37
3.5 - 4.5 14 5 1 20
4.5 = 5.5 2 2

total 14 97 63 5 179
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Toble &, Marmalized nusbars of transtarmations.
The numbers ot oackward and furmurd transformations and the resulting relative pasitians
tn the productilon chain ar'e shown according la three different weigihling nethous.

Nusuars o8¢ transtormakions
Unwaighted transfara. Velue adaed
backwm, forw. celax, backw. forw reiat.

9%.30 HWelfare services .037 . 000 519 .01 .00 .565 .387
68.1,.3-.9 Otner repair of cansumer gacds Y-t . 880 142 . 188 .Qo¢ . 492 L2489
43.00 Real estate exc. .571 . 08¢ .78s Lhby . 040 .722 1.000
91.00 Religisus arganizations . 058 . 900 .529 .04 L0090 .508 . 004
92. nec Primary and secondary educatien .275 .96t .837 L 159 . 801 .579% L 217
99.58 Army, navy and air force .&08 .902 .70l .303 .002 .50 2N
92.78 Scientific and equivalent education 408 . 809 L8948 .323 .987 687 37
65.,66 Retail trade ala .818 .89 L2373 -010 .830 . 209
92.30 Other educatioun 222 .828 .595 112 L0813 L5459 .47
93.5-.9 Health and medical practices .299 .54 .415 . 188 .33 .577 Lk
28.15 Paultry slaughlaring .757 L9148 864 .852 .028 . 301 .843
21.70 Tobacte praducts .498 =211 122 541 a8l L7487 492
23.1-.2 Ready-wade clothing L4603 .027 .781 . 458 . 024 .408 .5313
93.1-.46 Health and megical services 378 .037 Y . 228 .B40 . 549 L2402
22.5.6 Carpets, rugs, mats, linoieua L4135 .38 788 L7158 . 839 .827 L7487
HCI. R  Mines .552 . 098 .08 .510 L0881 .712 L2487
90.004 Lscal gevernment .397 . 084 L8862 . 251 L 047 .53%7 L2583
20.80 B8read, rusk, pastry, cake baking 512 . 039 L7786 .592 L0848 762 L5034
22.30 Kaitting ana hosiery aills 554 .06} .758 .h22 . 083 L2778 .58}
26.30 fsatwear .817 . 080 170 .572 . 089 L7513 .537
99.008 Central government L4132 .87 .689 . 354 1YY .630 L44s
26.20 Lealher products .61b . 388 . 756 .545 .e17 .73s .52)
25.70 MHeoden furniture .5¢&5 .18l L2711 .544 L0891 .708 RN
20.30 Preserving and pracessing af fish L6582 L1682 717 .a19 . 109 L8238 .387
67,00 Hatels, restaurants, cafes .558 997 710 Lh94e .10 879 L3183
20.90 Cacas, chacolate and sugar confect. .420 L4113 .728 .718 L1687 776 .872
20.70 Procassing fruits and vegetaulas 404 .loa L1285 L4875 <103 .75 L7174
HCI.O  Subtropical fruits .4l8 .20 L 633 .312 . 089 L402 159
20.14.16,17 Heat products. presarvation .738 L1090 .800 .84} ¥4 L8432 .375
01.10U Peuitry farming LY 175 L7144 .20 L1352 -L2-] L9118
81.218 Greenhouse herticulltura Y .128 450 .323 112 .595 L3117
28.11-13 Other slaughtering .738 111 . 785 L9485 -132 .88 T3
21.30 Otner foad products 428 .22 L726 782 .128 .782 .14
HC1.I Tobacco lsafs L4211 .819 .439 .233 L4590 LS B4 - 028
21.60 Soft drinks -427 112 L131 .82+ . 128 .720 . 458
29.71 Seap and cleaning pregarations . 409 . 158 -£9%6 L4l4 . 154 498 122
20.29 BRairy products .470 L1990 L7086 .437 . la4 L7390 .902
23.3~.5 Other wearing apparel . 826 . le4 . 499 .42} . 125 721 .539
99.00 Hage earning staféf of nouseholds . 080 L2148 RS . 0489 .138 L439 .06
97.1..4,.9 Bustness and ladowur organization .44l .228 .52a . 385 W127 .58¢ wal
01.10C Pig bdreeding .709 .392 .816 L 784 . 200 .738 L8460
29.7% Perfuses and cotmetics .573 .139 710 .831 .17% . 894 L8000
95..96. Culture.: sport and recrsation L3458 .238 .543 243 . 198 .519 L2713
HCI.G Coéfee-bDerrtes .258 L9311 232 -l 3160 .332 L6238 . 0as
HCI.H  Thaea-ieafs 548 672 438 <328 .333 A38 . 620
HCI.f Cacaa-deans .281 .932 .332 146 . 3a9 Al2 .a31
8).38 Fishing .550 451 Jhé9 .A19 . 295 .554 L)
37.60 Bicycles and motorcycles .529 .18 . 869 L8485 L2310 . 889 .594
22.70 nMade-up textile yoods R T43 238 . 8585 847 . 268 835 L814
91.108 Datlry cattle. cattle raising .5483 .896 Y'Y Y1 . 328 .561 .5Q8
21.50 B8rewing and aslting 482 .283 .577 .h08 . 255 561 .579
Gl.21A Qpen air horticulture .18% .&80 .43 L2855 . 378 456 . 283
76.18 Travel agents Y] .338 .59l 379 . 307 .82 L3131
20,50 MNargarine, ails and fats . 704 406 .510 .870 .44l . 859 1Ty
72.190 Trasways and regular bus servicas . 658 . 264 . 857 Yy - 349 Y 374
72.29 Taxtes and motor coach services .851 L3211 .587 L4130 [ L1 L5830 riyt
HCY1.C Tropica) fosod products .28 1.5828 .262 .123 YY) .382 .012
98.88 Other sarvices L3285 43 .46l . 197 32 L4l L6338
20.58 Sugar factorties and refineries - 682 .ka2 .58l .82} Lqi2 <455 -815
40.10 Watar works and supply 504 L4409 .55% L3990 . 3182 .517 L4275
3%.50 Metal furniture .57 .501 .523 .538 .337 .551 522
27.2-.3 Publishiag and Linding L5591 319 . 869 L8647 .3138 .59 Y1)
75.10 4Air trasnsport business R L5843 413 .555 L8691 L4l9 .594 L4590
32.28 Pottery, china and sarthenwarse 417 .490 .4l9 S110 .48l LY L2141
29.50 Orugs, medicines. antiseptics .517 L3185 .555 Y- L43a 817 L5994
25.5-.6 Other wooad products, cark, Lrushes 517 .482 .521 L4958 .414 .536 . 378
21.40 Oistilling, alcohelic liquers Lol <299 839 L4588 .38) L8013 .al¢
NCI.A Maite a3nd soy beans .582 1.29% L3485 .573 .838 T-3Y .582
48.20 Repair of maturcasrs .509 .508 .54Q48 L4148 Jhkg 490 . 285
29.96-.99 Other ¢Namical products .§38 Jals 5.8 Lhe2 RLTSY -510 L5232
28.23-.29 Other paper products 829 <397 .5a4 . 437 489 .559 . 580
22.40 Finishing testiles . 628 &84 .5a87 . 344 422 L495 538
531.1,.3-.5 Construction aé Buildings .57 Y .412 .5%8 L2729 Lha? L5411
21.20 Caepoundesd animsl stock feeds .92 . 704 .497 L8462 851 880 . 954
28.40 Flowr milis. husking .565 832 T Y] .6482 T TY .574 940
82.00 Insurance .57 .509 .521 .518 .530 .49 .584
01.104 Arable faraing 527 1.827 . A2 L4248 . 489 T .43l
22.19 Mool pragucts Y 492 .54 . 762 .45 . 808 22
39.00 Other sanufactoring industries e . 555 .560 Lb84 .53 5482 Y3
HCI1.8 Cassava .38 2. 084 . 225 L 284 .ed9 374 .013
22.90 Other textiles L6313 .837 .537 106 .5a9 572 .735
HCI.E Palm oil, paim-kernals 499 1.838 . 294 . 3a8 .71 L4495 L1183
26.18 TYaaneries and leather finishing T2 . 345 438 .223 412 -602 .193
37.1..7,.9 noter venicles, aircrafts .443 .553 .531 LY .833 .575 .733
40.20 Gas distribution . .56} 842 489 . 784 .565% .567 2480
32.81 Glass 4% .79 NPT .393 .82% 429 .18
48.18 Electricity generation / distribut. .40 9N .510 548 .02 Y T .535
72.4,76.2,76.2,.3 Transport supporting serv 370 1.81¢ 263 .28 3T Y . 384 .l0s
22.20 Coktan products 606 .593 .504 . 489 582 554 .823

72.38 Fraetgnt transpert by read Y 1Y 1.33 .39 h29 429 .439 Y 1
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L4407
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The numbers of backward dnd furward transéormaticns and the resulting relative pasitions
itn the productton cnain a: e shumn agcording ta three different weighting methaus.

DaCKk .

.3%3
.632
.555
.708
.594

.520
J6l8
.555
-619

forw,

L7769
.520
691
L4385
.993

.892
Y11
L7310
1. 0480

Unweignted transform.
ratat,

Table 5. Normalized numbers of transformations.
77.00 Communication

29.91-.93 Glues, office raguisitas

38.00 Instrument engineering

28.00 Petroleum refinertes, cokes, tar

HCI.A Crude ot

§2.38 E£lectr. engineering an constructiuns
37.20 notor vehricle dodies, trallers

3%4.30 Tools, cutlery, locks, keys etc.

21.16 Starch and starch derivatives

32.3.32.6,32.82-.83 Qtn.

31.1-.2 Rubber products,

97.50
81.08

glass, stone art.
tyre ratreeding
Research Institutions

Banking

$2.1,.2 Plusbing, central heating install.

29.43

61.-44.
84.00
31.30
71.28
34.70

3488
26.21-,
51.20
26.31
3s. 00

26.32
HCT.J
12.00
29.58

29.498,

27.1¢
11.0¢0
5.3
78.20
36 10

85.00
2.%0
37.40
25.40
29.3¢

29.1¢
32.52,.

Synthetic perfumees and flavours

Excl., 42.9 wholesale trade
Business services
Plattie products
R3llways
Heating and cooking agpliancas

Metal packaging

I2 Paper bags, ralls and snvaelopaes
Civil engineering

Corrugated doard sills

Electrical engineering

Folding cartans

Cotton and woal

Crude oil and natural gas

Paints, lacquers, varnishas, ink
30.00 Uther organic ches., fibres

Printing

Coal mining

8utlders’ carpentry, parquet
Business allied to air transpart
Forge, stamping and pressing

Renting of movables

Scrap and wasts materiais trade
Shipbutlding and repairing
Hooden containers

Plgments and dyes

Synthet1¢ fertilizers
$4 Other concrete and Cement articl.

25.1+.2 Wood sawing: plywood, veneer

32.18
2%.480

32.53
32.51
29.424
37.30
32.70

34,90
29.41
15.70
315.60
29.20

29.428
35.19
1%.08
35,80
73.00

315.9¢0
35.40
29.49a
28.10C
35.20

26.104
HnC:.P
34.30
35.30
26.108

37.5¢
3e. 08
35.30
36,02
33.20

nel.L
92.00
74.10
32,40
33.30

315.59
36,20
net.q
HCL. 8

33.1..4 Basic

HCI.X
Her. T
tCl.o
NCI.N

Bricks and roofing tilss
Chemical pesticidas

Ready-mixed concrute

Cancrete articles

Basic {norganic chemicals n.e.c.
Matar venhicle parts and accesoires
Non-setalic mineral products

8lacksmithnsg' workshops

Industrial gases

Steam-botlers, engines and turbdines
Other indi.strial machtnery
Syntnet!ic rasins ’

Bagic inorganic eiectro~chemicals
Agricultural sachinery ind eyuipment
Qther aining snd quarrying

Other structural engineering

Sea transport

Cther machinery

Lifting and transperting mschines y
Petrochemicals

fegeneratiaon of old piper

Metal working aschinery

Paper mills
Minerals

Tanks, resarvalrs, industr. piplag
Oftéice machinery

Board atllls

Railway equigment

Iron and steel faoundries

Machinery for food and chem. industr

Han-~ferrous metal foundries
Staal pipes and tubses

Caal

Forestry and logging

Inland water transport bustiness
Cement, lime ana plaster

Hire drawing, steel caild rolling

Gears. bearings ete,

Scraws, bolts, nuils, seprings
Stanes

Cellulase

tron and naen-ferraus metal

Haoad

Copper

Hon-ferrous setal ores
lren-era

.532

.55%0
L339
L3178
.5%3

21

.545
L2138
.04
.518
L5403

.60
.831
.505
L b4
.526

401
. 280
. 297
.818
831

. 584
L5494
.538
.53%
574

L3308
Las)
.579
.539
.34

. 428
587
.498
L4583
-t83

.623
.528
. 625
L4080
564

.537
.504
.55
.566
.599

. 409
.566
4%t
.859
.818

L5689
.573
. 859
. 804
.52

.852
.4k1
.588
.851
- 845

.87%
499
542
.55)
. 4548

53
&9
.533
.578
b3

.839
.59
.557
.801
. 688

.39¢
.11?
-677
.415

.91

787
L4404
. 9%8
1.008
.130

.835
1,452
.678
.780
L7081

-811
. 547
1.623
L8463
L9483

L1258
2.129
1.590

874

. 824

L1786
1.192
1.277
1.294
1.040

1.317
1.4138
1.12%
1.087

. 955

1.070
1.274
1.32
1.629

.a896

1.1a9
1,380
.929
.980
1.265

1.151
1.454
1.350
1.450
1. 056

1.25%
1.028
1.484
1.452
1.47¢

1.428
1.522
1.077
1.039
1.64)

.914
1.287
1.651
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Table 7. Ranking nuaders based an thiea normaliled nuabers of Lransfo: aaklona.
Tha ranking nuelers based In the NUaLErs v Lulxwar U aind Foiward La0210rmal funs and the relalive pusitisas
fn the productiun chain { of. Table & ) ace Cowparad wilh thuse 3t 2 gsandd-U tanyulaticn.

Rank ing nwasar s

Hormailied trensfora. Yalue edsicd Labour Triacguiatioen

UaCuw. fOrm. fal. WelKw. fUiw. rei. Lalbhw. fuim. rai. tna. euig,

94.00 Helfars survicas 2 3 113 2 1 108 2 i 183 8 179
$8.1,.3+.9 Other repair of Consumer gaads 19 1 154 3% 4 145 20 H 143 141l 124
83.30 Real estate exc. 93 & 178 5? b] 1e2 179 3 179 178 173
91.00 Religtaus aryentzatisns 3 2 117 3 H 189 3 LY 165 A 127
92. na¢ Primary and jevondery educaifon 3 5 43 10 3 132 18 5 1+l 174 lsa
99,68 Army., navy and eic tarca 28 13 154 27 [ 151 25 3 183 179 172
92.70 Sclentific and equivelenl sducation 2a 7 15% 3o 7 152 57 7 157 128 171
85..,46 Ratail trade 27 9 152 5 [} 188 17 3 138 183 176
92.90 Other education L 11 1317 § 9 119 i1 9 111 as 169
93.5~.9 Maalth and aedical practicas 12 1?7 140 13 12 i3l 54 18 187 i3 165
20.15 Poultry slaughtering 179 4 179 173 11 179 167 11 127 164 131
21.78 TYobacca praduatls LTy 12 itd 49 13 ie3 iead 12 123 168 18
23.1-.2 Raady-made clathing 117 ] 175 137 10 173 43 13 144 183 140
93.1-.4 Haalth and medical sarvices 18 14 144 14 15 135 18 15 123 172 leld
22.5.86 Coacpats, rugs, satls. linslsua 151 13 17 156 13 178 189 15 171 15+ 154
HCI.R  Hines 78 22 154 76 19 159 2L 18 118 187 139
99.00A Lacal govarnaent 24 la 149 2 la 137 24 17 153 e 163
20.88 Bread, rusk, pastry, cake dening 124 13 175 112 1?7 lsa 71 ia 153 163 153
22.30 Xaitting end hosisry aills 187 19 m 119 18 159 103 19 183 138 i34
24,330 foatwear 11g 18 171 102 21 lés 343 F3 182 146 118
90.008 Central governmsent 11 21 151 36 9 148 59 21 153 23 173
26.28 Lesather praducts 129 20 ilq 1a7 22 184 X3 22 153 182 isl
25.70 Woeden furniture as 25 lal 91 ELY 158 &7 23 154 145 124
20.30 Preserving a2nd procassing st flan 159 i4 182 1468 28 17+ 1¥-99 2~ 172 115 162
47.03 Motels, restaurants, cafas LH 23 180 ta 25 184 aé 5 Y'Y 129 151
20.9¢ Cacae, chacolate and sugar canfect, 114 29 180 1587 2?7 170 lta R4 125 182 149
20.70 Pracessing fruits and vegsiablss 122 28 led 161 28 187 153 27 143 123 las
HCI.0 Subtraepical fruits 29 10 141 29 23 140 18 23 118 112 137
28.16.16,127 Meat products, presecrvatian 127 24 178 122 19 178 1es &3 173 128 114
01.100 Paulitry faraming 178 1 ¥ 169 i7s 15 117 173 30 175 127 198
91.218 Greenhouse horticulture 35 32 145 n 29 135 32 31 132 12 132
20.11-13 Other silaughtering 178 13 172 1719 3 173 178 b%4 17e 123, 1l
21.38 Other food products 1413 11 1es 184 12 171 172 13 170 180 IET-
HCI.I Todacco leafs Y 74 49 2% 74 78 -] 15 as 187 133
21.40 Saft drinks 142 28 147 12 33 183 125 15 ial 115 147
29.71 Soap and clesning preparations 123 15 153 17 37 187 152 b1 les 119 14}
20.290 Qairy prouucts ‘1867 l8 157 73 3a 172 170 17 1oy 103 127
23.3-.5 Other wesring appacel 138 3s 188 121 31 181 187 la 158 lae 154
99.080 Nage earning statf af housenolds 1 (Y} 1Y i 16 82 1 39 74 12 9¢
97.1,.%,.9 Business and labour organizatiun 32 41 138 s 40 133 L0 40 143 138 99
91.10C Pig breeding 173 52 139 165 42 143 182 L2 1a7 122 106
29.72 Perfumes and cosmelics 95 H 44 159 128 39 154 112 &2 152 13+ 153
95.,9¢. Cultura, 1pert and racrealion 18 &3 122 29 41 114 22 43 114 101 37
HCI.G Cotfee-derries ? 167 1Y ? 4 75 10 LT 73 151 114
HCI.H Thea-leafls 38 Y] .13 32 LY 187 & LH) a? 154 1ie
HCT.F  Cacae-Beans 19 108 LY] 8 87 59 9 48 68 153 149
93.80 Ffishing 72 78 199 & L2 122 62 «7 111 111 120
37.60 B8icycles and smatorcycles 145 19 150 130 43 151 119 4d 18! 113 152
22.79 fade-up textila goous 135 42 144 114 45 147 1is % 149 143 49
21.138 Qatry cattle, cattls raising 161 a5 98 Ll LY} 125 72 58 133 163 147
21.580 Braewing and asalting 18 a5 132 “?7 a4 126 182 51 lak 128 140
91.214 Cpen alr horticulturs 23 12 1Y 23 - 99 F-] 52 £2] Ja 123
76.18 Travel agents 33 43 121 17 &7 118 is 53 188 152 ¥z
20.40 Margarine, olls and faks m 73 118 175 te 150 177 34 163 10y 135
72,10 Tramways and regular Bus sarvicas 141 &4 182 13a $1 145 42 55 167 39 (1]
72.20 Taxises and meter caach sarvicas 75 LT 135 53 52 lls 21 S6 93 45 123
NC1.L Trepical foed products 5 18l 4 4 73 50 £ 57 3?7 104 193
98.00 Other services 16 57 9% i4 54 a0 2 58 55 3l LYY
20.5¢ Sugar faitories and rafinerias 184 61 129 17e &9 149 185 59 155 A4 1 123
46.18 Halar works and supply &9 54 128 43 83 113 (L) 6Q 1i9 4¢ Y]
34.50 nRatal furniturse 91 43 118 87 54 121 a9 [3) 118 154 13s
27.2-.3 Publishing and binding 105 Y4 138 131 59 118 131 42 a2 42 §4
75.10 Alr transpert ousiness 30 55 127 151 (Y 156 131 63 119 5g 17
32.2¢ Pottery., china and sarthenwars 28 a3 az 28 89 84 28 (2] 87 157 73
29.80 Orugs, ssdicines, antiseptics 53 51 124 [YS ba 112 189 &5 121 149 133
25.5-.4 Other woed preducts, cork., brushes 52 [ 114 &9 al 118 43 bs 108 15 13
21,40 Otscitling, alcohalic liquars 183 “4 144 11s 548 182 1238 (%4 134 18t 183
HCI.A Ralis and soy beans 190 138 (Y3 193 92 191 104 [ 129 184 1is
88.20 Repair af motarcars $1 [ 1] 110 43 (31 el 29 49 82 ] &2
29.94<-.99 Other cheaical products 13 54 123 40 [ ilo -39 70 112 13Y a9
28.23~.29 Other paper products 144 $3 133 1248 72 123 130 n 129 75 78
22.40 Ffinishing testiles 139 58 i 35 43 104 sa 72 17 131 79
$1.1..3-.5 Construction of builldings 98 105 124 1 104 92 %1 73 lie 18 157
21.20 Compounded animal stock faaeds 179 a7 108 175 aq 1319 e 74 161 121 174
20.408 Flowr aills, husking a7 15 108 145 16 129 126 15 150 113 128
42.80 Iasurance 92 ts 115 a0 6 105 94 76 189 18 192
01.104 Arable faraing 57 118 &1 51 45 -3} 55 7 98 95 a5
22.10 Heel praducts 163 42 138 1ed ta 164 151 78 128 137 48
39.00 Other asnufactoring industries PYYY 69 126 139 7?7 126 127 I 122 83 124
nCI.8 Cassava 20 17? 3 2 96 4«2 § as 12 108 la7
22.99 Other taxttiles 149 o7 120 151} s 128 148 41 124 138 43
HCI.E Pals oil, pala-kernels L1 143 16 LY 17 43 13 a2 11 72 17
26,10 Tanneries and laather flaishiang 174 50 142 1 k2 } 141 154 43 130 132 112
37.1,.7,.9 Netor vehiclas, atrerafts 154 (1] 119 159 78 139 145 84 123 Iy S 181
40.20 GCas dlstributtion 84 s 197 a2 al 127 128 as 118 19 50
32.81 Glass 43 "% 79 45 a9 7? §3 84 a3y g4 93
©8.10 ELiectricity generation / distiibut. 113 79 112 9% a2 102 121 a7 108 9 5
72.4.76.2,74.2..3 Transport suppacling serv 17 148 4 i9 a7 2l 31 a8 42 41 95
121.18 Catten preducts 138 ] 7 i $LY ) 7 1% £ 140 3} 187 n $7-

78.38 Freight transpers by read 40 14} n it (1} s (1) %0 7 %) 3
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Table 7. Ranking nuabers basad on thraee nuiaaliled nuabars of transforaeations,
The raaking nusbers bLased on the nusbers of BacCkwerd did Fosward 01 ansfarsations snd the rajallve positiang
in the production Cheln | <f. Tanle &, )} 200 Cooparad wilh lheas ot 4 pleuda-trlangulaticn.

Ranking nuabers
tiormalizad transfora, Yalue auded
Vackm, 1urw rsi Rackw. furw. rel

Trisogulaetian
g, outp.

77.¢8 Communication 22 n 89 2 as 52 30 %1 53 1 93
29.91-.93 Glues, offica requisites 188 (1) 124 115 31 117 129 92 1 128 S
38.00 lnstrument sngineering 79 aa 105 -2 13 138 719 93 101 81 122
28.00 Patrolaua rafinartas, <okes, tar 172 59 134 178 93 143 171 94 137 1 &3
HCI.A Crude ail lca 113 RS 79 al 99 175 95 13a 13 7
52.30 £lectr. englnsering on tonstructions 54 182 73 3 134 7 33 96 §7 15 43
37.2¢ fator veinicls dodles, trallers 132 42 193 11y 84 111 99 £ 24 948 lqs 12+
34.80 Toals, cutlery, lucks, keys etc. 73 30 34 85 Sa a7 41 93 81 1Al 42
21.10 Staren and slacch declvelivaes 1313 123 a7 142 113 140 183 99 128 167 44
32.3,32.46,32.482-.83 0th. glass, stone ark, 4Q 1054 74 ] 11y 19 45 109 95 i1 14
J1.1+-.2 Rubber products. tyrs retreading 73 94 a7 72 95 489 91 101 91 I8 [3Y
$7.50 Research institulions 15 99 55 18 182 23 19 102 32 43 189
81.00 Banking 19 198 ] 48 15 167 21 39 183 34 ? 181
£2.1..2 Plusbing, central heating install, 54 114 [} 39 119 57 34 135 52 118 139
29.43 Synthellc parfumess and flavuurs 1314 34 99 129 109 95 118 148 182 114 53
Ll,-64. €x¢1, 62.9 wholeasale trade 70 38 40 106 97 9 9 186 S 1 104
84.0C Business servicas & 152 ? 4 112 9 14 197 3 H a4
31.30 Plastie products 120 a1 182 11§ 99 97 as 193 LYY ie 59
71.00 Rallways i 93 95 152 ] i1 3 41 139 51 2% 74
34.70 Heating and caoking appliancas 1is 1Y M 106 10} a8 3¢ 11 a5 117 129
314.50 nNetal packaging 121 96 7 120 105 9} 114 1l $4 Y] 37
26,21-.22 Paper Dbags, rolls «nd snveicpes 148 79 104 132 184 93 |98 112 $2 53 LS
51.20 Civil anglnesring 5¢ 147 54 54 117 [ 51 1l a9 17?7 78
28.31 Corrugatad daard aills 15a ” luy 1ag 114 98 119 114 a3 73 58
36,00 Elactrical engineering Sa 1a9 7¢ 71 108 74 T4 115 72 & 155
26.32 foiding cartons 114 43 97 118 118 45 108 118 73 17 57
HCI.J Catton and waal 9 179 1 9 1z8 2 ? 117 2 24 82
12.08 Crude ofl and natural gas il iad [ 11 111 15 159 114 185 il Se
29.50 Paints, lacquers, varuistias, ink 1258 100 a4 118 128 75 119 i3 3a T4 35
29.458,10.00 Other arganlc chem., fioes 187 7 93 123 ils L1 154 120 97 28 a5
17.10 Princing 102 92 90 7 118 96 &4 121 84 1] 44
11.00 Coal sining 89 129 54 75 133 45 47 122 42 155 22
25.30 Butluars® carpentry, paryuet [$) 1373 44 Yo 129 54 89 123 33 &8s 114
75.20 Business allied to alr Tramapart (Y4 13¢% 42 85 126 37 104 124 L5 41 [
364,10 Forge, stamping asud pressing 37 120 b a2 121 (1Y L5 1258 he ¢35 5
85.88 Ranting of movibles 13 iql i4 12 13 4 “0 12s 24 b 19
62.90 Scrap and weste materials trade 34 151 19 31 128 22 3? 1217 20 LY 3
37.40 Shipbwilding and repalring 110 12s 1 124 12¢ 72 117 128 ta 97 162
25.40 HWaoouen conteinars (X3 122 $3 143 123 76 108 129 59 s 14
29.10 Plgments and dyes 15¢ i1} 4l 128 131 (Y] 139 ile 16 73 i3
29.10  Syathekic fertilizars 149 i24 b 134 135 &5 132 131 75 71 40
32.52,.54 Other coancrate and caaent artici. 89 114 45 45 148 313 123 132 2] 118 70
25.1-.2 Hood sawing, plyweod, venear 4 w2 313 3] 138 18 LY] 133 2% 17 71
32.10 Bricxs and roating tilas LY 149 t3 LL} 153 13 A 13a 19 159 74
29.80 Chemical pesticides 185 181 31 154 132 73 1=& 113 n ERS 4l
32.53 Raady-eized concratae 132 128 §7 159 151 EH 151 13a 40 44 43
32.51 Concrets articlas 54 155 34 8% 144 24 54 137 30 17¢ 72
29.42A 8asic inorganic chemicais n.s.c. 141 14 83 163 118 [ 137 138 n 33 2
37.30 nNotar vehicle parts and acissulses 112 112 IL] 97 i22 L] 47 139 EH) 91 L]
32.70 lan-setalic mineral praducts 45 [ R 2Y LY 93 LYY 4~a 52 1a8 23 102 13}
314,90 Slacksaiths® warksneps (L3 127 51 sq 134 29 18 14l 131 75 18
29.51 Industrial gasas 44 155 2 89 145 17 78 142 38 54 H
35.70 Stasa-tallaers, englnes and turbiiaes 80 184 19 99 137 87 92 a3 3 33 11
35.40 Other industrial sadiinery 10} 153 15 143 a2 hé 9?7 144 39 134 21
29.29 Syathetic resing in 123 t5 108 139 LY} 150 185 &9 (34 1
29.428 Bastc Inarganic electra-chemicals 124 132 82 119 158 3e 115 148 (1 27 29
35,18 sgricultural aschiinery and ayuipesal a8 149 i? 34 153 34 108 187 L 91 34 119
19.00 Cther mining snd quarrying 41 159 £33 46 155 12 35 1~3 38 25 24
34,60 Other structurel engineering 43 154 36 [-}] 154 25 75 129 23 &4 118
73.00 3ea traaspart 128 157 12 18l 167 s 138 154 E L 54 7
35.90 Other aachinery 7 168 12 7 144 10 (Y] 151 s by 121
35.40 Lifting and transparting sedhinery 94 180 27 101 149 19 LT 152 38 9% 19
29.49A Petrochemicals 182 128 72 148 159 &9 152 153 (3] 22 34
26.10C Regeneratiaon of old papar 118 119 &4 127 140 56 187 154 78 55 52
315,20 Matal working sachlnary 55 i5¢ 28 §e 147 0 49 158 18 87 24
26.10A Paper naills 154 183 4s 180 152 L2 129 154 a7 . 3?7 5t
NCI.A Hinerals 155 133 £3 155 18 41 187 1527 50 [ 27
34.38 Tanks, reservairs, iadustr. piping 104 in 18 a8 156 28 73 158 18 92 LY}
35.80 QOffice machinery 74 1t8 20 96 157 27 124 i5y &1 3¢ b1
26.108 Board aills 157 115 7s 158+ 18} 58 112 YY) 29 52 LY )
37.50 Ratluay equipment %6 162 28 98 127 589 74 lel 15 173 17§
34,01 1Iron and steel foundries : 47 178 4 42 [T ] 15 122 4 [} 8
35.30 nMachinery for foad and chem. ludustr %) 174 11 74 1.2 19 17 el 14 88 LY}
364.02 tea-ferraus metal tounaries 7? 158 28 (X 180 ? 79 1é4 14 47 139
33.20 3tsel pipes and tubes 168 138 (Y 147 164 53 1439 145 LT 10 4
HNCI. L Coal 104 187 &} 1490 70 1a i 186 27 154 24
82.00 forestry and logying 37 147 13 1 la3 3 69 187 ) 158 14
76.190 Inland water transpert Business [T 178 s 78 P YX Y- &5 138 3 44 1
32.50 Cement, lime ind plaster 99 144 24 84 174 19 191 189 17 s P2y
33.10 uire drawing, steel cald relllng 182 140 9 149 171 32 122 129 21 42 35
35.50 Gears, bearings ekc. 59 173 12 (13 149 11 546 174 § a9 13
36,20 Screws. Belts, auts, springs 199 186 3 92 léa 14 43 172 [} 42 12
NCI.Q Stones 41 172 15 4l 1is H 1569 123 “d 148 218
1C1.S Cellulese 115 lae 43 182 172 k23 141 174 22 3s A1)
33.1..6 Basig iren and non-ferrsus asatal 1a9 137 s 147 123 24 155 175 34 1] 117
HCI.KX  Waeod 23 188 2 17 177 1 2 176 1 ia 1§
NCI.T Copper 17% 130 2 169 178 pH 158 177 33 13 18
HC1.0 Hon~ferreus satal oras . 184 130 29 177 178 43 i34 178 13 59 9

HCL.H Iren~ers 127 176 16 iaé 179 3 154 17 7 57 113
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Table 5. is a frequency table for the numbers of forward and backward

transformations. The results in this table might lead to the conclusion that
the classical division in primary, secondary and tertiary sectors leaves much
to be desired. A classification based on the positions in the production chains
would look quite different. In such a classification the extent to which an
industry is ‘basic' or 'consumption-oriented' or both plays a crucial role.
Industries which are both basic and consumption-oriented are various services:
welfare services, education, health services etc., while on the other end of
the scale we find industries like slaughtering that are both far from
consumption and from the initial creation of value added. From table 4. again
it becomes clear that the total lengths of production chains can vary widely,
viz, between 1,039 (welfare services) and 8.175 (non ferrous metal ores).
Depending on the purpose one has in mind it is possible to employ four '
different ordenings, none of them corresponding with the one of the pseudo-

triangularization.

In table 6. the weighted numbers of backward and forward transformations are
compared. The 9 columns are based on the expressions (42), (443, (46), (37),
3¢6), (39), (52), (51) and (54) respectively. For reasons of comparison the
normed unweighted transformations are included in the table. The ordering is
based on the forward transformation weighted for employment. The general

picture emerging from the table is similar to that of table S.

In table 7. the industries are ordered according to their employment
weighted number of forward transformationss and are compared with an ordering
based on pseudo-triangularization. In table 8. we have applied Spearman's

coefficients of rank correlation to the various orderings.

We are now able to draw several conclusions about the various orderings:

a. based on backward transformations they look similar, independent of the
weighting applied;

b. the same applies for forward transformations;

t. based on the weighted relative positions they look similar but for the
unweighted ordering we find a rather negative correlation;

d. we find hardly any correlation between orderings based on backward
transformations and those based on either forward transformations or
relative positions;

e. between orderings based on forward transformatiocns and those based on

relative positions there exists a negative correlation;
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f. there exists a weak correlation only between any of these orderings and a
pseudo~triangularization, based on the input-coefficients;

g. there exists a positive correlation between an ordering based on forward
transformations and a pseudo=-triangularization based on the output-

coefficients;
h. there exists no correlation between any of these orderings and the Dutch

adaptation of the Standard Industrial Classification of all Economic

Activities.

Conclusions a and b are not surprising. Here our starting-point was the
number of transformations. Attaching different weights to different
transformations does not make much difference when those weights don't diverge
too much. Thus, for value added weighted transformations, the correlation with
employment weighted transformations is natural, since labour costs are a large

part of the bDutch value added.

The negative correlation mentioned in ¢ is as yet unexplainable. Maybe the

production chains have been deformed badly by the norming.

Conclusion d is not surprising. In principle there is no relation between
backward and forward transformations. But it is contrary to the foundations of
the idea of triangularization, viz. one can always tell whether an industry
belongs to the begin or the end of a production chain and that it would be
impossible for an industry to belong to both ends simultaneously. Would the
idea of triangularization be true, a strong negative correlation was to be

expected.

The strong negative correlation mentioned in e indicates & dominant
influence of the forward transformations over the backward ones. This is
understandable when we look at table 6. Here the numbers of forward
transformations can be larger than one, while those of the backward
transformations are at most one, by definition. We see the same for the
unnormed unweighted numbers of transformations of table 4. The correlation
should be negative: the larger the numbers of forward transformations, the
lower the ratio of the backward plus (half of) the own transformation to the

total length. The negative character of the correlation indicates a reversion

in the ordering.

The weak correlation of f indicates that comparing triangularization based

on input-coefficients and the ordering here developed is not fruitful. The
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foundations of both techniques are incompatible.

The correlation we mentioned in g is caused by the maximalization in the
upper triangle of the table. The pseudo-triangularization automatically causes
the industries which hardly deliver to consumption to appear at the beginning;
small deliveries to consumption are necessarily associated with a large number
of forward transformations. (For the backward transformations it is the other

way around, hence the negative correlation.)

A priori, one might have expected é slight correlation between the
industrial classification and some orderings since the former reflects the
distinction between primary, secondary and tertiary industries. However, the
fact that there is no correlation confirms that this distinction is of doubtful

value in characterizing the position of industries in production chains.

We now return to tables 6. and 7. In table 6. we compared the weighted
numbers of backward and forward transformations, in table 7. the from these
numbers derived rankings are given. In both tables the industries are ordered
according to their rankings based on the numbers of employment weighted forward
transformations. We would like to know which industries behave inconsistantly
with respect to the various ways in which we order the industries. For the
unweighted and for value added weighted numbers of backward transformations we
look at several industries which differ 50 positions or more: gas distribution
(84 = 162), flour mitls (87 = 145), air transport business (90 = 151) and
finishing of textiles (139 - 35). To explain the difference for the gas
distribution we only need to take one step backward, since a relative large
part of the value added was formed exploiting the natural gas fields. Something
similar applies for the air transport business. Much of its value added was
generated in the production of jet fuels and capital goods. Flour milts also
add only a Little to the value added incorporated in the products they buy from
agriculture. for the finishing of textiles the reverse is true: the imported
raw materials from lesser developed countries do not contain much value added,

while the domestic costs of labour are very high.

When we compare the orderings according to the value added weighted and the
employment weighted numbers of backward transformations, we find even higher
differences: crude oil and natural gas (11 - 159), non-competing imports of
crude oil (79 = 175), business allied to air transport (55 - 108), brewing and
malting (47 - 102), non=-competing imports of stones (81 = 16%9) and tramways and

regular bus services (138 - 42).
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For the orderings based on the weighted numbers of forward transformation we
can conclude that there are no great differences. However, when we look at the
unweighted number of transformations we right away notice a few differences,
notably in case of non-competing tropical agricultural products: coffee berries
(107 = 49 = &4), cacao beans (106 - 57 - 46), cassave (177 - 96 - 8U), maize
and soy beans (138 - 92 - 68), palm oil and kernels (143 - 98 - B82), cotton and
wool (179 =~ 128 = 117), crude oil and natural gas (166 - 111 = 118), tropical
food products (161 - 71 - 57) and tranport supporting services (168 - 87 - 80). .
Most probably, the largest part of the value added has already been generated
before these products arrived at the Dutch border; only little value is added
to them by the highly mechanised Dutch food=processing industries. The same

applies for labour=-intensive production processes.

The orderings based on pseudo-triangularization are quite uninformative.
That the method does not work too well is illustrated by the industries that
take up the top rows: communications, business services and wholesale trade.
These industries supply to nearly all industries. Clearly this is not a good

criterion to determine an ordering of industries.
Summarizing the discussion of the differences between the orderings it is

clear that each of the orderings based on transformations has its own merits.

Which ordering one will use depends on the purpose at hand.

13. Results: characterization of imports, exports and consumption.

The method developed in section 6 has been applied tc a number of Dutch baskets
of goods and services: imports, exports and consumption. The results are
summarized in Table 9. For the numbers of unweighted transformations, value
added weighted transformations and employment weighted transformations the
results for the backward and forward cases, the total production chains and the
relative positions were calculated applying the expressions developed in
section 6. Note that we calculate each commodity's production chain for the
‘closed economy' total input-output table. Next we use these chains to the
average production chain associated with a basket of goods and services
composed exactly like Dutch imports and exports. In case of consumption, the
interpretation is similar though maybe a bit subtle at first glance. By
definition the basket for consumption is a basket of goods and services on

which no more transformations can be applied. lHowever, a large part of the
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Table 9. Characterization of import, export and consumption.

The figures represent expectation values of the numbers of activities.

backward own forward total Length retative posiiion
unweighted
import 1.348 1.00U 1.994 4.370 450 (,423>
export 1.450 1.000 1.970 4.419 .458 (.441)
consumption 1,074 1.000 450 2,524 641 (.624)

value added weighted

import .610 .390 .689 1.689y 511 (.477)
export .625 375 704 1.704 .508 (477
consumption 433 .567 .18u 1.180 .622 (.607)

Labour weighted

import 652 .348 .657 1.657 .531 (.498)
export 666 344 667 1.667 .530 (.503)
consumption 473 .527 170 1.174 646 (.629)

goods and services could also be used for intermediate consumption instead of
final consumption. These undergo at least one more transformation; as a
consequence the average good in the basket goes through 0,45 additional

transformations.

For imports we find 1.970 and for exports 1.994 additional transformations,
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which exceeds the average number for the consumption by 1.5. So we may conclude
that imports and exports differ completely in character from consumption. It is
rather surprising that the number of forward transformations hardly differs

for imports and exports. One would have expected that a highly industrialized
country like the Netherlands, which is rather poor in raw materials, would
import many raw materials and would export finished products; the latter would
have only a limited number of forward transformations. An explanation is the
exports of chemical bulks and products of the oil refineries, since the

contribution of finished chemical products is relatively small.

For the weighted transformations we find the same phenomenon. The ‘forward
value added contribution' is larger than the ‘forward employment contribution';
for imports this can be explained by the fact that to a large extent we import
raw materials from low-wage countries. For the exports we might conclude that
the Dutch economy exports many intermediate goods, which still need a lot of
highly qualified labour; this would mean that Dutch industries leave a large
part of the creation of the value added concerned to industries abroad. The
number of backward transformations is a Lot lower for consumption than for

imports or exports.

For the total length of production chains we again find a }emarkabte
difference between consumption on the one hand and imports and exports on the
other. Of course a number of consumer-oriented services will not be represented
in the baskets of foreign trade. They all have a very short production chain,

which makes it less likely that they will become involved in foreign trade.

For the relative positions we have displayed - after the arithmetic averages
- the positions we would expect to find if the basket were one 'pseudo-
product” (that is, the weighted averages, the weights being the shares of each
industry in consumption). It can be proved that, in general, both positions are
not identical. For the unweighted numbers we find the foreign trade pseudo~
product in the 9Uth position and the consumption pseudo-product in the 140th;
for the weighted ones the positions are 110th and 150th respectively. We should
remark that here the average relative position of the suppliers is shown and
not the relative position at the moment of delivery, c.g. at the Dutch border.
To find the latter figure we have to take the sum of the numbers of backward
and own transformations and divide the result by the total length. For foreign
trade this ratio shows the distribution over domestic and foreign

transformations.
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14. Results: the domestic contribution,

In the preceding sections we have introduced the total IO-table, which has been
used for a number of studies. The studies resulted in a characterization of
industries that enabled us to compare them mutually. Would we do the same to
the standard Dutch I0-table we would obtain results in which the production
processes in the rest of the world would be left out. Generally spoken this

would lead to shorter production chains.
We define the domestic contribution as the ratio of two production chains.
pi = hi,d @ hz-st (55

The superscript z represents the relevant weighting method (transformations,
value added, employment), d represents the domestic I0-table and t the total I0-
table. The subscript r represents part of the production chain (backward,
forward, total length). So pi indicates which part of the production

process could be called domestic. In table 1U. the unweighted and the domestic
production weighted for value added is given. The industries have been ordered
according to the lengths p;. The domestic production based on the numbers

of transformations and on the generated value added has been compared. It is
not necesarry that the ratio of the domestic contribution with respect to the
total chain length has a value between those with respect to the backward and
forward parts respectively. The reason is that the total chain length contains,
besides these parts, also the own contribution. In general domestic

contributions on the basis of value added are slightly higher.

The first part of the table is dominated by industries with 2 small domestic
contribution, e.g. the chemical basic products industry. One may conclude that
research into the economic feasibility of encouraging industries that use basic
chemical product might prove fruitful. The last part of the table is dominated

by the tertiary sector, food-processing industries and construction.

In table 11. the domestic contributions to baskets of imports, exports and
consumption are shown. In case of imports, table 11. may be interpreted as
follows. Consider a basket of goods composed exactly like imports. The use of
each of these goods is supplied to a varying degree both by imports and by
domestic producers. Thus an incremental use of the whole basket will not lead

to additional imports only but to additional domestic production as well.



Table 10, Comestlc contributions.
Ratios of the lengths of the chains of production bLased
an the domestic and the talal i1aApul-euiaul taale.

Yalue added weighled

Dackward

Unmeighted

1or macd

bachmard

tar mard

tatal

18.00 Petroleum refinertes, cokes, tar
73.0C Sea transpert

NCI.Q Mon~ferrous metal ares

35.480 Oftice machinery

29.49%& Petrochesicals

20.68 Margarine, otls and fals

29.20 Synthetic resins

31.1,.5 8astic iran and nen-ferrous satal
29.30 Pigments and dyes

29.40 Chemical pesticides

HCI.M  Iren-ore

HCI.T Copper

75.10 Air transport business

HCILP ninerals
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35.40 Qther industrial machinery
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HCI.A Crude atl

29.428 Basic tnerganic electro-chemicals
35.18 Agricultu al sechinery and squipeent
74.10 Iniand waeter transpart Buginess
37.40 Shipbullding and repairing

33.20 Steel plpes and tudes

22.10 weel products

317.3Q8 focor venicle perts and accasoires
HCI.S Callulose

35.20 NMatal wirking machinery

256.10A Paper aills

15.78 Steam-bollers, angines and turbianes
37.1,.7..9 natoer vehicles, dircrates

29.10 Synthetic feartilizers

NCI.L Coal

39.00 Otner sanufactaring industrias

22.5.6 Carpets, rugs, sats, llnolsus
29.42A Basic inorganic cheaicals n.e.c.
01.100 Poultry farming

15.30 Machinery tar f3ad and chem. Industr
34.00 Electrical engineering

62.90 Scrap and wasts saterials trade
33.30 Wire drawing, steei cola ratling
22.20 Catton produdts

21.20 Compoundsd anisal stock feeds
315.490 Lifting and traasperting machinery

HCI.A nNMaizs and soy bHeans

36,20 Scraws. belts, nuls, springs

20.98 Caca0. chocoista and sugar canfect.
21.30 GQther food psaducls

NCI.R Hines

22.90 QOther texztiles

21,18 Starch and starch derivatives
26.108 BSoara allls

23.1-.2 Ready-msede clathing
29.91-.93 Glues, officCs requisites

11.8¢ Coal =mining

20.40 Flour aeills, hushing
HC1.G Stones

23.3-.5 Other wearing sppacal
37.4¢ Bicycles and matercycies

75.20 Business allled to air transpart
31.1-.2 Rubuer praoducts, tyre ratrssding
36.082 Non-ferraus metal faundries
01.10C Pig nreeding

15.9¢ Qther sachinery

20.15 Poultry slaughtering

HCI.E Pala oll, pala-kernels

34.38 Tanks, reserveirs, industr. piping
29.48 Orugs, mediciaes, anCissptics
22.30 Knitting and hoslery amills

32.70 Nenemetalic sinersl praducts
J1.30 Plastic praeducts

26.23-.29 Other paper preducts
21.70 Tabaccs products

NCI.B  Thea-lsaés

29.964-.99 Othar cheamical prsducts
25.10C Aegeneration of old paper

34.01 1Iron ind steel foundries

29.50 Paints, lacquers, varnishes, ink
29.71 Sesp and cleaning preparations

364.60 PMetal packaging

20.14,18,17 feat products, preservation
26.21-.22 Paper Bdags, rells and snvalopes
317.50 Railway equipment

38.00 Instrument engineering

20.11-13 Other slaughtering
29.30 Foatwear

32.00 forestry and lagging
26.32 felaing cartans

26.31 Carrugated board aills
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Tabie 10. Oomestic contribullons.
Rattos af the lengths of the chains of producliua basad
on the domastis and the tatal inpul-outpul tabla.

Unme ighled Yalue adued we),
Lackmae d forward tatal backmard tarmar d tatal

91 20.5Q Sugar factortes and retineries RRE) . 815 3L .59¢ L618 L6482
92 32.851 Gless L343 .458 .878 T T Y] L4463
93 34.40 Other structural engineering L 283 .A78 .834 392 L882 L&eh
94 25.40 Hooden containers L2893 . 409 .710 L33 .74l Lt8d
35 NMNCI.0 Subtropical fruils . 680 588 .541 .8a@o .523 .85
96 22.73 Made-up texztile goasas .223 1.81% L8l13 . 314 1.0%8 L6488
97 20.30¢ Bread., rusk, pastry, Cake daking L36) . 884 . 608 LT} L4513 L8495
98 23.80 Seft drinks L3189 L9461 . 827 .4ls5 .479 -768
99 01.21A Cpen air horticulturs .33% .25¢ .558 .47 .22 .131
108 24.20 Lleather products . 278 1.273 .599 Le28 1. la8 L7082
101 72.18 Tramways and regular but servicas L 248 1.0485 L6210 L3318 1.0388 103
102 34.19 TFeorge, stamping and prassing L2610 L2358 . 882 . 338 L7459 .703
193 71.00 Rallways L4373 .57& .b18 L5131 . 865 .70§
104 20.38 Preserving and processing of fish .511 L0549 .594 721 L0892 AT
10§ 41.104 irable faraing L3198 .582 L4832 5139 .50 ety
1084 72.30 Ffreight transport by road .335 . 499 L6489 a1 .847 117
107 29.41 Industrial gases L343 .597 L4831 .814 NYYS L1713
108 20.78 Procesting fruits and veyetables TS .423 L8635 .595 T3] .21
109 20.20 OQairy praducts .510 .582 T .118 Y1 L7128
11¢ NCI.X Wead . 049 4% .471 . 008 . 548 L2132
111 34.80 Toeols, cutlery, locks, keys stc. 279 L7173 .471 L4@7 L7LS L7313
112 HCl.J Cotton and wool .800 .483 585 .00 .421 135
113 HQI.I ToZacco leats . 000 .179 . 855 .aoo 778 L7318
116 12.00 Crude otl and natural ges L1583 .557 454 L4158 .534a LT138
115 25.1-.2 Heod saming, plywaad, veneer .32 .7s80 .728 L3890 .758 137
116 34.90 Blacksmiths' warkshops . 268 719 . 582 . 391 756 L 185
117 34.70 Meating and caoking appliances L229 <955 .7¢8 L3822 912 REEY-)
118 61.-44. Excl. 82.9 whalesalae trade .522 L8438 L8990 .660 L8543 .751
119 34.50 netal furntture 279 .98 L7239 L4038 .%28 .752
126 HCI.3 Cassava . 808 .832 782 . 8490 174 .782
121 ©81.108 Datry cattie, cattle raising . 187 797 - 494 .513 L7048 L7155
122 29.72 Perfumes and cosmetics LT 1.30%8 .693 L5319 1.123 L2587
123 37.20 nMotor vehicle hodies, trailers .282 1.a%8 L7455 L340 1.012 .75a
120 72.4,76.2,76.2,.3 Transport supporting serv L5113 493 .81l .845 AR AT L7599
125 25.5-.46 Other weod products, cark, brushaes 138 .9%10 L733 .422 .892 L7482
126 21.5Q0 8rawing and =malting 372 .435 . 684 L4481 L8647 L784
127 32.40 Cement, lime and piaster .315 814 132 L4503 .819 787
128 27.10 Printing L2712 -3t 9% L408 .852 . 748
129 25.70 Hoodan furntture <294 1.871 L1260 00 1,754 12
138 568.1,.3-.9 Qther repailr af consuaeer goods .273 1.000 . 648 Y3 1.600 L7178
131 21.40 Dtstilling, alcoholic liquers T 798 .82 595 . 884 779
132 97.50 Researcn institutions .18 .591 L6357 .562 .8 14 L7481
133 25.38 Bullders’ carpentry., parquet .320 .929 L1797 412 .890 . 184
136 19.08 Other aining and quarrying Y1 LT82 L7583 .8717 L7106 L7846
135 03.80 Fishing Loe L7897 . 547 .542 L4584 L7487
136 22.48 Finisning textiles 212 .49%0 L5384 .528 . 651 L7848
137 $1.1,.3-.5 Construction af dulldings .382 947 .749 .51¢0 L8827 .291
138 01.218 Graennhouse horticulturs .h20 . 289 RCY: D L5487 L2183 792
139 51.20 Civil engineering L4080 . 843 . 784 L4999 -812 .195
140 40,10 Elactricity generation / distrivut. .ha? .82 728 L6318 .805 L4301
141 32.3,32.6.32.82-.83 Oth. glass, stane art. .24 1.067 . 1585 .3a8 1.027 .801
142 52.30 Electr. sngineering on constructions L2158 1.457 .31l . 269 L9981 .80}
143 88.20 Repair of astorcars .208 1.02s . 740 L3011 1.925 .810
164 72.20 Taxies and motor caach services L2717 1.681 899 il 1.019 .812
145 32.52..54 Other cancrels and Cament artici. Y] L9147 .79% L4937 L9097 .81%
146 MNCI.C Tropical food products . 900 788 .170 . 008 707 L4223
17 32.51 Concrete articles . 1ds L9130 .422 .513 L9365 . 829
148 32.10 Bricks and raoting tilee .802 L8641 Ix-11) .537 .41} .8138
149 90.40 Army, navy and air force 334 .23 729 a7l 1.030 N-L3
158 NCI.F Cacao-beans . Q00 . 469 .782 .g00 .821 . 845
151 82.69 Insurance 544 .70% L7129 | L84 .75 -LTY
152 27.2-.1 Publtshing and binding .83 317 L7639 .107 T 937 .850
153 40.30 MHater works and sunply L4481 . 847 774 . 455 .de .858
156 52.1,.2 Pluabing, central heating instajl. .1a87 1.0448 L8135 L4852 . 984 .882
155 NHCI.G Coffee-derries . 089 . 928 .832 . 880 .891 .a87
156 32.53 Ready-mized concrals .531 . 994 L8138 . 688 LY .872
187 40.20 Gas distridution . 435 .837 .81% .83l .ar8 LA74
158 77.08 Cosmunication L349 .873 .40t L4277 .921 .883
189 &7.080 Hotels, rastaurants, cates .508 1.401 . 134 .85} 1.e41 . 833
168 55.,4é Retail trade 453 L7838 .174 .601 2771 . 904
1861 75.19 Travel agents .587 .81% .8168 L7718 . 828 L9907
162 83.080 Resl estate etc. .443 1.000 .819 L7122 1.000 L1
153 35.0¢ Renting of mavablss 452 L858 837 .554 . 900 L9115
186 32.20 Pattary, china and earthenwars L399 1.075 . 832 .513 1.087 ATy
155 97.1,.4..9 Business and labeur organization 536 1.082 L B4? .73 1.074 .923
166 92,70 Scientiflc and equivalent education .48 409 134 b . 383 .923
167 93.1-.4 Health asnd medical servicss L5089 1.006 . 828 .531 1.011 . 923
168 44.08 Business services .519 .893 .893 .575 .839 .928
189 94.80 Qther services .4l0 .998 .479 L5806 . 938 .94l
170 $3.5<.9 Health and medical practicas 542 1.29%0 .88% L 649 1.299 L9413
171 95.,96. Culture, spart and racrealien .526 1.93) 824 . 645 1.q827 . 944
172 90,008 Cantral government YY) . 898 .454 . 183 1.07+ . 954
173 30.00A Lacal government 655 L4111 -ty L899 i TEY .987
175 92. nec Primary and secondary sducation 710 1.40v0 919 799 L4632 . 958
178 81.00 BSanking 4% 782 .82% L1782 .788 . 958
176 92.9¢ Other educattion 458 1.426 .89 .433 1.347 . 969
177 99.00 Hage earning statf af housahelds . 600 2% . 964 . 800 .98 L9932
178 $1.00 Religious organitations <390 1.800 . 98§ . 388 1.000 . 995

179 964,00 MNelfare services 407 1.000 -978 .80 1.0490 .998
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Table 11. Domestic contributions to imports, exports and consumption

Unweighted transformations Value added weithed transftf,
backward forward total backward forward total

lengths lengths
import .219 421 484 459 403 .518
export 271 308 Labl 360 300 479
consumption 377 547 L6000 408 578 .708

The additional imports have 'forward' consequences, the additional domestic
production has 'backward' and 'own contribution' type consequences as well.
Hence domestic forward and backward transformations are associated with this
'imports basket'. These domestic contributions to the total chains are shown in

the first Line of table 11.

In case of exports and consumption, a similar reasoning applies. Consider
the example of a basket of goods composed exactly like consumption. Most of
these goods are not only consumed but are exported and used as importé as well,
to varying degrees. Thus forward linkages are associated with these goods, just
like backward linkages are associated with the goods in the imports basket.

Table 11. shows the domestic¢ contribution to these forward chains.

The ratio's of table 11. are very low and indicate that the Dutch economy is
very open. The domestic contribution to the forward production chain is higher
for the imports basket than for the exports basket. This is easy to understand
when we realise that many of the imports are destined for Dutch production
processes while exports are meant for processes abroad. The basket of
consumption is clearly different; the hypothetical forward production chains
show a much higher contribution. There is practically no difference between
unweighted transformations and those weighted for value added weighted

transformations.

For the backward chains the unweighted domestic contributions are low but
for value added weighted chains the contributions are about average. One
possible cause might be the non-competitive imports. In the Netherlands the
generation of value added per production step is considerably higher than in

the lesser developed countries from where we obtain the main part of non-
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competitive imports. The low domestic contribution to the backward production
chain can be attributed to the oil refineries which take up a large share of

the exports (in 1972 we defined crude oil as non-competitive).

The domestic contribution to the total production chains are higher than
those to the backward or forward chains. This is because the domestic
contribution to each industry's 'own transformation' is higher than that to
forward and backward chains. The domestic contribution to the own contribution
is simply the ratic of the domestic production to the sum of domestic
production and imports. The domestic contributions to the steps in the forward
and backuard‘production chains are on the contrary related to ratics of higher
order transformations of the domestic contribution and the sum of foreign and
domestic contribution, respectively. In the cases of the forward and backward
chains the numerator consists solely of domestic production steps. However, the
denominator contains, besides pure foreign production steps, also production
steps which could have been domestic if their destination would have been
domestic. Therefore the denominator is larger in the cases of forward and
backward chains than in the case of the own transformation. Thus, the ratio is

higher in the latter case.

In order to illustrate how data like those in table 11. might be emptoyed in
potlicy planning, consider the domestic contribution to the value added weighted
forward chain of exports. This contribution, 0.306, is very low. This can be
taken to indicate that the major part of the production processes required to
transform Dutch exported products into final consumption goods, is located
abroad. Thus one might study the possibilities to expand or newly create

industries engaged in this further processing of goods that are now exported.

15. Possible applications

Our method has more applications than triangularization. Here we mention just
a few of them.
1. The classification of industries.

With the help of backward, forward and total production chain lengths plus

the relative positions we can compare the positions of the various
industries within the economy. lHere we can take into account the phenomenon
of circularity. On the basis of these characteristics a new approach to a

classification of industries should be possible.
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Preparing an industrial policy.

The data from tables 10. and 11. give policy information. Specifically,
information of this type can be a helpful tool when a government wishes to
determine which particular industries should be stimulated.

Studies of technological changes in time.

It is plausible that with the increassing technological development
production chains will become longer and longer. It is worthwhile to take a
closer look at this theory for = if proven true - it would give us a tool
that would enable us to analyse a technological development.

Determining the level of development of various countries.

On the basis of the lengths of the domestic production chains and
contributions we might compare the development levels of countries. In
case of a lesser developed country it might be necessary to relate

the domestic contributions to the total I0-table of the production
structure of a developed country.

Determining the interdependences between countries.

The degree of dependence of specific industries of a country on foreign
trade can be inferred from the domestic contributions.

Determining the interdependences between industries.

Indications as tc the interdependecies between industries are given by the
normed transformations matrix Hf (eq. (16)). From this matrix we can

track down the 'distances" between the industries in the production
processes,

Tracking down the filiéres.

In a filiére the industries are characterized by way of the distances
between succeeding industries; each step should be approximately one. The

filiéres should be selected on the basis of the matrix Hf.
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Intermediate matrix A~

‘s enlarged with the column vector ¢ of

consumption on the right hand side and a corresnonding rouw of zero's at

the botton.

Intermediate matrix of the total input-output table; it includes

competitive imports and the consumption ot capital goods.

Intermediate input coefficients, including competitive imports and

consumption of capital goods.
The part of the intermediate matrix A*, which describes the
intermediate consumption needed for the production of the final

consumption.

Intermediate matrix, domestic production.

Enlarged matrix with input coefficients and the vector with each

industry®s share in total final consumption, respectively.

Intermecdiate matrix, competitive imports.

Cnlarged matrix with output coefficients: the shares of intermediate

users and final consumption.

Matrix with cumulated value added coefficients.

Vector with normalized transformations.

Consumption vector extended with a zero element.

Consumption vector.

[latrix with numbers of transformations.

Matrix with the normalized numbers of hackward transformations.

Matrix with the normalized numbers of forward transformations.

Hatrix with the labour-added weighted numbers of transformations.
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Matrix with the normalized numbers of labour-added weighted backward

transformations.

Matrix with the normalized numbers of labour-added weighted forward

transformations.
Matrix with the value added weighted numbers of transformations,

Matrix with the nurmalized numbers of value added weighted backward

transformations.

Matrix with the normatized numbers of value added weighted foruard

transformations.

Vector with the numhers of backward transformations (from scratch).

‘Vector with the numbers of forward transformations (to consumption).

Vector with the total lengths of the nproduction chains.

Vector with the normalized numbers of backward transtormations (Tron

scratch).,

Vector with the normalized numbers of forward transformations (to

consumption).
Vector with the normatized total lengths of the production chains.

Vector with the labour-added weighted numbers of hackward

transformations (from scratch).

Vector with the labhour-added weighted numbers of forward

transformations (to consumption).

Vector with the labour-added weighted total lengths of the

production chains.

Vector with the value added weighted numbers of backward

transformations (from scratch).
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E¥ Vegtor with the value added weighted numbiers of forward
transformation (to consumption).
5: Vector with the value added ueighted total Llengths of the nproduction

chains.

Fi'd vector with the numbers of the domestic production chains
(r = b, f, s: backward, forward, toral length respectively) related to a
basket of goods z (2 = ¢, m, x: consumption, ILporls, exports

respectively).

Ei't Vector ‘with the number of tne production chains (r = b, f, s;:
backward, forward, total lengtn respectively), including domestic and
imported contributions, related to a basket of goods 2 (z = ¢, m, x:
consunption, imports, exports respectively).

I Unit matrix.

i Summation vector.

L Employment vector extended with a zero element.

1 Extended vector with employment coefficients.

*

L Enploynent vector,

* . . .

LC Vector with the employment in each industry necvded to generate the
final consumption.

m Imports vector.

pi Vector with the ratios of the domestic contributions to part r
(r = b, f, s: backward, forward, total tength respectively) of the
production chains related to a basket of goods z (z = ¢, m, x:
consumption, imports, exports respectively).

qQ Vector with the relative pusitions in the production chains.

g2 Vector with the relative positions in the normalized production chains.
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Vector with the relative positions in the lahbour=-added weighted

production chains.

Vector with the relative pousitions in the value added weighted

production chains.

Synbol indicating that either L (backward), f (foruard) or s {(taotal

length) shoutd be substituted.

Averaage number of backward transformations for a basket of goods 2

{(z = ¢, m, x: consumption, imports, exports respectively).

Average number of foruward transformations for a baskct of goods z

(z = ¢, m, x: consumption, imnorts, exports respectively)d.
I d 7 ’

Average position for a hasket of goods 2z (z = ¢, m, x: conswaption,

imports, exports respectively).

Average total lenqth of the productiun chains for a basket of goods

2z (z = ¢, m, x: consumption, imports, exports respectively).

Vector of total production related to consumption, extended with & 2&rc¢

element.

Vector of total production.

Vector of total production related to consumptiorn.

Unit vector, all elements are zero except the last one, which eguals ocne.
Value added vector extended with a zero element.

Extended vector with value added coefficients.

Value added vector.

Vector with value added coefficients.

Vector with the value added created during production related to

consumption,
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Vector with labour-added coefficients.

Exports vector.

Symbol indicating a particular vector representing a basket of goods;

z = ¢, m, x: consumption, imports, exports respectively.
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