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Linkages, fields of influence and key sectors
Thijs ten Raa*

1 Introduction
Backward linkages measure the impact of final demand changes on output. Forward 
linkages measure the impact of value-added changes on price. Backward linkages are 
given by the column totals of the Leontief inverse and forward linkages by the row 
totals. Industries with higher linkages have more influence on the economic system, 
and industries with above average backward linkage and above average forward linkage 
are deemed key sectors. The extensive literature on these concepts is a playground for 
fanciers of matrix algebra and, not surprisingly, is a flourishing subfield of input–output 
analysis. With due respect to the practitioners I address the question if all this hard theo-
retical work is useful. I have three worries.

2  Worry # 1
Linkages, influence and key sectors all have positive connotation. The concepts iden-
tify important industries, which impact the economy. Such industries have big multi-
plier effects, which are supposed to be good to the economy. Big multipliers mean big 
entries in the Leontief inverse. Now there is an increasing relationship between the 
Leontief inverse and the underlying intermediate input coefficients (as the Neumann 
series clearly demonstrates). So having big multipliers is equivalent to having big input 
coefficients. Frankly, I would rather live in an economy with small input coefficients. 
Then industries need little and leave much to the consumers. After all an economy is 
a machine that transforms resources into household consumption, the objective to be 
fulfilled. The aforementioned literature ignores that. The fascination with high mul-
tipliers is perverse. Industries are important if they contribute directly or indirectly to 
household consumption; value added is a better indicator than the magnitude of inter-
mediate input coefficients. The standard macroeconomic policy to focus on industries 
with high input coefficients is simplistic. Moreover, income multipliers boost industrial 
multipliers, in fact in a uniform way (ten Raa 2005, Theorem 3.1). Last but not least, in 
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a multiregional economy comparative advantages better be factored in when the impor-
tance of industries is assessed (e.g., ten Raa and Pan 2005).

3  Worry # 2
Intermediate input coefficients and multipliers are intermediate constructs in economic 
analysis and better be commingled with factor input coefficients. This is even true in dis-
equilibrium analysis where, for example, an industry is targeted to boost labor employ-
ment. The labor employment multipliers are given by the product of the (row vector of ) 
labor coefficients and the Leontief inverse. It is not enough that a target industry has big 
output multipliers. Actually, it is not relevant. The product of the (row vector of ) labor 
coefficients and the target industry column of the Leontief inverse must be big.

4  Worry # 3
Column totals of the Leontief inverse (backward linkages) and row totals (forward link-
ages) are suspicious from a measurement perspective. Apples and oranges are added. 
This is particularly true of column totals, where different products are added (backward 
linkages). However, even row totals (forward linkages) have this defect.

A simple example illustrates my discussion. Consider the matrix of intermediate input 

coefficients 





0 1 0

0 0 1

0 0 0



. Its Leontief inverse is 





1 1 1

0 1 1

0 0 1



. The row totals are 





3

2

1



 and the 

column totals 
(

1 2 3
)

. Sonis et al. (1997, 2000) consolidate multipliers, influences and 

linkages by taking the product matrix of the two: 





3 6 9

2 4 6

1 2 3



.

Two findings are the following. The industry hierarchy in terms of forward linkages 
(row totals) is (i) industry 1, (ii) industry 2, and (iii) industry 3. The multipliers’ product 
matrix shows that industries 1 and 3 have equal influence: the products of their own 
multipliers are equal (the first and the third diagonal entries), as are their fields of influ-
ence (1, 2, 6, 9 in the first row and column, as well as in the third row and column).

I claim the findings are not invariant with respect to the units of measurement. To 
prove this, I measure product 2 in a different unit. For example, the old unit was kilo-
gram and the new unit is metric pound (which is 500 g). The input–output matrix 

becomes 





0 1/2 0

0 0 2

0 0 0



. The Leontief inverse becomes 





1 1/2 1

0 1 2

0 0 1



. The row multipliers 

become 





2.5

3

1



 and the column multipliers become 
(

1 1.5 4
)

. The multipliers product 

matrix becomes 





2.5 3.75 10

3 4.5 12

1 1.5 4



.

Let me check the two findings. The industry hierarchy in terms of forward linkages 
(row totals) is now: (i) industry 2, (ii) industry 1, and (iii) industry 3. That is differ-
ent than before I changed the unit of measurement. And industries 1 and 3 now have 
unequal influence: the products of their row and column multipliers are now 2.5 and 
4, respectively. And their cross-effects are 1, 3, 3.75 and 10 for industry 1, and 1, 1.5, 12 
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and 10 for industry 3. So industry 3 now has more influence than industry 1. That is also 
different.

5  Conclusion
I have changed the importance of industries in terms of linkages and fields of influence 
just by measuring the output of an industry in metric pounds instead of kilograms. The 
concepts of linkages and fields of influence are not invariant with respect to the units of 
measurement. Key sectors are a derived concept, and therefore, have the same defect, 
as have the concepts of construction importance (Jensen and West 1980) and social 
accounting-based impacts (Pyatt and Round 1979).

All these are reminiscent of ten Raa et al. (1984) finding that some methods of con-
structing input coefficients are not invariant with respect to the units of measurement. 
That spurred a lot of theory, which eventually solved the problem (Rueda-Cantuche 
2017). I hope some readers take up the challenge to rethink linkages, fields of influence 
and key sectors.
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