





































































































































































































































































































ANNEX 2: INDIRECT EFFECTS THEORY %

Indirect effects are presented here according to two frameworks: backward linkages and forward
linkages. The former, according to the Leontief model, concentrates on the links between the sectors
studied and their suppliers, and is used to estimate indirect value added and employment, while the
latter, according to the Ghosh model, makes it possible to measure the impact of a logistics sector on its
customers in terms of prices. Both can be considered in order to quantify the upstream and downstream
relationship between the sectors under review and the rest of the economy. Table 52 provides the basic
model for an input-output table. The methodology below will be based on this table. The theoretical
basis underlying the 10T is set out in the national accounts methodology.***

TABLE 52 INPUT-OUTPUT TABLE
1 2 n f X

1 X11 X12 X1n fa X1
2 X21 X22 X2n fo X2
n Xn1 Xn2 Xnn fa Xn
m mz my M my
va vai vay Van
X X1 X2 Xn

Source: NBB.

Legend: n  number of industries in economy

xj  output of industry i delivered to industry j

va value added

m  import

f final demand: it may contain only the output to final consumers but, if we restrict
our analysis to the matrix made up of the sectors studied, then f; may also
contain all the output of sector i falling outside the sectors studied.

On that basis, technical backward and forward coefficients can be calculated. They in turn make it
possible to measure the linkages through the so-called Leontief L and Ghosh G matrices, respectively
used to quantify the impact of one sector on the others in terms of necessary inputs (goods and
services, production factors) and outputs (cost structure). Table 53 presents a few formula used to
depict these linkages. Key sectors (Oosterhaven and Stelder net multiplier'??) are those whose impact
on the other sectors is greater than vice versa.

Links between the sectors

The relationships between the logistics sectors and other sectors are measured by technical input and
output coefficients - which measure the direct effects of changes in demand and prices - and also by
backward and forward linkages, which measure the links with suppliers and customers.

Input-output analysis'*® subdivides an economy into a certain number n industries and final demand
sectors. The final demand sectors are households and government expenditure, investment and

exports. The output of an industry i, for instance the forwarders, (represented by X;) equals the sum of

n
its supplies to other industries and its supplies to final demand or X; = Z:Xij + f,. Defining technical
j=1

120 see also Coppens F. (2005); Coppens F. (2006) and Coppens F., F. Lagneaux, H. Meersman, N. Sellekaerts, E. Van de

Voorde, G. van Gastel, Th. Vanelslander and A. Verhetsel (2007).

See also the explanation provided by http://www.nbb.be/doc/dg/N_pdf_dg/NNDE99.pdf (Dutch version) and
http://www.nbb.be/doc/dqg/F_pdf_dg/NFDE99.pdf (French version).

Oosterhaven J. and D. Stelder (2002). Interpretation of the net multiplier by Dietzenbacher E. (2005).

For more details see Miller R.E. and P.D. Blair (1985).
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input coefficients as a; = X; /Xj , with X;; the supply of sector i (e.g. the forwarders) to sector j (e.g. the

n
agencies) and X; the total output of sector j, this can be rewritten as |X; = Zaijxi + fi or in matrix
j=1
notation | X = AX+ f |, in which A is a square matrix of technical coefficients, x a column vector of
industry outputs and f a column vector of final demands.

TABLE 53 CALCULATION OF LINKAGES: FORMULAE
Technical backward TIC; = g linkage of industry jtoits | in relation to the
coefficients first-tier supplier i output of industry j
(first level)
forward TOC; = by linkage of industry i to its | in relation to the
first-tier customer j output of industry i
Cai and Leung backward n linkage of industry jto all | in relation to the
linkages Z Iij its suppliers output of industry j
(all levels) BL, = i=1
Iii
forward n linkage of industry ito all | in relation to the
2 g its customers output of industry i
FL, =+
i
Decomposed backward g: linkage of industry jtoits | in relation to the
. ij L . .
linkages BDeCij =— supplier i output of industry i
@all levels) 9j
forward |i_ linkage of industry itoits | in relation to the
FDec; = £ customer | output of industry
ii
Oosterhaven and Leontief multiplier of j x final demandof j if net multiplier > 1, then sector j is more
Stelder net outputof j important for the other sectors than vice
multipliers versa and is said to be a key sector
Source: NBB.
Legend:

TIC; : Technical input coefficients

TOC; : Technical output coefficients

BL; : Cai and Leung backward linkages

FL; : Cai and Leung forward linkages

BDec;jj : Decomposed backward linkages

FDec;; : Decomposed forward linkages

lj : element of matrix L -Leontief-, on row i and column j (see below); Z; I = Leontief multiplier of sector j
lj : diagonal element of matrix L (see below)
gij : element of matrix G -Ghosh-, on row i and column j (see below)
gii : diagonal element of matrix G (see below)

o Backward linkages

This matrix equation is the base equation of the Leontief model, also referred to as a demand-driven
input-output model. It enables us to compute the total effect of an industry on the economy. Indeed, a
change in final demand for products of industry i has two kinds of effects:
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1. a 'direct' effect that is induced by the second term in the equation X = AX+ f , i.e. a change in

the output of sector i. It can be seen that this direct effect is provided by Ax; = Af; ;

2. a series of indirect effects that are caused by this direct effect. The sector i has to increase its
output and, in order to do so, it has to increase its intermediate purchases. There is thus a 'first

level' indirect effect provided by the first term of the equation AP = AAX?) | These
purchases, for their part, generate higher level indirect effects, Ax?) = AZAX(O),

The total effect is provided by AX= (I +A+ AT+ A +...)Af = (I — A)flAf . The matrix

L=(1-A)" is called the Leontief inverse. Its column sums are the Leontief multipliers and,

according to the above reasoning, they provide the total effect of a unit of change in final demand for a
sector. If the demand of sector j rises, the suppliers of sector j will have to produce more.

These Leontief multipliers show the impact of one industry on the rest of the economy via its supply
chain. As such, they are a measure of the 'linkage' of an industry to its suppliers. This is called
'‘backward linkage' and the Leontief multipliers are a measure of backward linkage. As explained in Cai
J., Leung P. (2004)"*, this backward linkage measure is not pure, because of intrasectoral and cyclical
deliveries. If the Leontief multiplier is considered as a measure for backward linkage, it also deals with
the effects of purchases by sector i at sector j and by sector j at sector k, sector k at sector |,... and
finally sector m at sector i. Therefore, this measure also contains some forward linkage. It can be
'purified' by dividing each Leontief multiplier by the diagonal element in the same column of the Leontief
inverse. The total (direct and indirect) linkage of an industry with all its suppliers can thus be measured
by the Leontief multiplier divided by the diagonal elements |;; (Cai and Leung):

2.l
BL ==~

ol

where |ij is the (i,}) element of the Leontief inverse.

(101)

CALCULATION OF INDIRECT VALUE ADDED AND EMPLOYMENT:

The algorithm used for the calculation of indirect value added and employment is based on the above-
mentioned formulae.

Indirect employment can be calculated on the basis of the following operations:

National input-output table (or IOT) X: (xi), nxn matrix, x; representing the deliveries from branch i to
branch |

Population under review P: (p;), nx1 matrix, p; being the percentage of national branch j represented by
the population under review

Employment E: (e;), nx1 matrix, e; being the employment of branch i at national level

Technical input coefficient A: (a;) = X / X; , X; being the nx1 matrix of the outputs j

Knowing that Ax® = A¥) | Af (see above) and AE = E . AX™ . AX then:

Indirect employment at level k =

Aei(k) = € / X . AXi = aij (k) AfJ
If k= cothen Ae ™ =/ x,. (1-a)™. Af,=e//x;. ;. Af; [ L(l;) being the "Leontief inverse" |

Indirect employment is derived from Ae;. The correction factor P is applied.

We can in fact work out what volume of employment is created upstream, at the first level (k = 1), but
also the second (k = 2), third (k = 3), etc. until the infinite level (k = o0). This is what is presented in this
report, in order to give the fullest possible picture of the overall economic impact that the sectors studied
have on the national economy as a whole.

124 cai J. and P. Leung (2004).
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The same logic applies to the calculation of the indirect value added. Then "E" only needs to be
replaced by "VA".

o Forward linkages

Ghosh™® developed an alternative input-output model, i.e. a supply-driven input-output model. The
output of a sector j is equal to its purchases plus its imports plus value added. The two last terms are
called the 'primary inputs' and will be noted as pi. The base equation of the Ghosh model is thus derived

n

from X; =2Xij + pij by defining technical output coefficients bij = Xij/Xi . The base equation is
i-1

provided by X = B'X + pi

126

This Ghosh model can be used to analyse how costs are propagated through the economy™’. When an

industry i increases its prices, this has an impact on the costs of all its customers, i.e. the cost of their
purchases increases. In order to maintain their value added at the same level, they will also raise their
prices, entailing higher costs for their customers. These effects are provided by the column sums of the

transposed Ghosh inverse G = (| — B)’l. This means that the column sums of the transposed Ghosh

inverse - and therefore the row sums of the Ghosh inverse - are a measure of linkage to the customers,
i.e. forward linkage. Again, this is not a pure measure. Dividing the row sums of the Ghosh inverse by
the diagonal element in the same row yields a pure measure. Thus forward linkage is measured by:

Zgij
= =1

Qi

in which g is the (i,j) element of the Ghosh inverse.

FL,

(102)

o Decomposed linkages

It should be pointed out that the measures (I01) and (I02) measure linkage of an industry in relation to
its own size. They do not provide any information about the absolute impact of an industry. In order to
analyse the absolute impact these measures must be decomposed. As such, the absolute (purified) total

backward impact of an industry j on another industry i is provided by (I; /Ijj ) X; , in relation to the size
of industry i, yields a measure of dependence of i with respect to j **°:

I X;
BDeCij = —X— (103)
] !
It can be shown that this is equal to
BDeCij = & (103"
9j

and measures the share of output from industry i that is (directly or indirectly) related to industry j.
Similarly, the decomposed forward linkage measure can be found:

|
FDec; =— (104)
ii
is a measure of the payments of i that are attributable to j. It is a measure of cost dependence of i with
respect to .

125 See Ghosh A. (1958).

The apostrophe of B' denotes the transposition of matrix B.
See Dietzenbacher E. (1997), Coppens F. (2006)
See Coppens F. (2006)

126
127

128
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