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Structural change between industries
Examination of the role of structural change in economic development and growth has a long history. To convey the breadth and depth of this work succinctly is difficult. As just an example of the work, there has been extensive analysis of the effects on aggregate productivity that come through the reallocation of resources from low-productivity to high-productivity industries (from agriculture to other industries in low-income countries), or the other way round (from manufacturing to services in high-income countries).

‘Shift-share’ analysis, in various forms, has been the empirical ‘workhorse’ in this area. Growth in aggregate productivity is decomposed into a ‘fixed-structure’ component, which isolates effects that arise within industries, and a ‘reallocation’ component, which reflects structural change or the reallocation of activity and inputs between industries at fixed productivity levels.
Industry analysis has focussed on labour productivity, rather than MFP. The tractability of measuring the level of productivity, needed to compute the reallocation component, is the obvious reason. Labour productivity can be uniquely determined from data on output and employment or hours worked. MFP, on the other hand, is determined in index form and its level in any year is sensitive to the base year selected.

Decompositions of MFP growth have entered the burgeoning literature on empirical analysis of firm-level productivity.
 It is not clear, however, that analysts have solved the ‘base-period problem’. Preliminary analysis for this project using MFP methodologies drawn from the firm-level literature indicated that sensitivity to selection of base period for MFP indexes remains an issue.

The problem centres on measuring the ‘between industries’ reallocation effect. This requires a measure of the level of productivity in each industry. The ‘between’ component of aggregate productivity growth comes about as the collection of changes in industry size at a fixed productivity level.

The problem has been circumvented for this study in the following way. Especially in firm-level studies, the aggregate productivity growth to be decomposed is defined as the sum of the ‘within’ and ‘between’ components. An independent measure of aggregate productivity does not exist. Here, however, an independent measure of aggregate productivity, expressed in terms of industry contributions, does exist. The method for deriving it is set out in appendix A. A meaningful ‘within-industry’ component can be constructed, as is demonstrated in this appendix. The ‘between-industry’ component can therefore be derived as a residual — the difference between the total or aggregate productivity growth and the ‘within’ component.

Methods for deriving ‘within’ and ‘between’ components are set out in the next section. The ‘within’ and ‘between’ industry components are derived for the three productivity cycles of interest in the third section.

B.
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Decomposition formulas

A single standard approach to structural decomposition of productivity growth has not emerged, even though there has been a long history of analysis in this area. Some researchers have developed different elaborations of decomposition formulas and, at times, have attracted controversy in doing so. Some studies have decomposed labour productivity growth, while others have decomposed MFP growth, but formulas cannot always be applied in the same way to one form of productivity or the other — a limitation that does not always seem to be recognised. 
The approach taken here is to take a lead from the more recent firm-level empirical literature, and apply it to the case of structural change across industries. The lead is taken from a review and analysis by Foster, Haltiwanger and Krizan (2001), which has become an authoritative piece in the firm-level empirical literature. The ‘entry’ and ‘exit’ part of firm-level decomposition formulas can be dropped for this purpose. With the broad industry groupings used in this paper, all industries continue in existence throughout the period examined and none enter or exit. And so, only the ‘continuing firms’ part of formulas applies.

The starting point is to express the way in which aggregate productivity relates to productivity in its constituent industries — that is, the productivity ‘aggregator function’. Aggregate MFP (for the market sector in this context) is taken to be a geometric average of the productivities in industries. That is:
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where MFP refers to indexes of multifactor productivity, the subscript i refers to industry, the subscript MS refers to the market sector and the superscript t refers to time. The sY refers to industry shares in market sector output.

This specification of the aggregator function is often used in firm-level studies, although it is usually expressed in log form (see Foster, Haltiwanger and Krizan 2001) as follows: 
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For notational ease, this can be expressed as:


(B1)
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(1)
The growth in MFP between t-n and t can be measured as the difference in logged values of MFP in t-n and t.
 The growth in market sector MFP is therefore:

(B2)
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The various decomposition methods transform (B2) in different ways. The common essential feature, however, is that they decompose aggregate productivity growth (the left hand side) into a ‘within’ (industries) component — the aggregate productivity growth that comes about via growth in industries’ productivity, with the relative size of industries fixed — and a ‘between’ (industries) component — the aggregate productivity growth that comes about via reallocation of activity among industries with industries’ productivity fixed.
A decomposition based on Foster, Haltiwanger and Krizan 
The methodology of Foster, Haltiwanger and Krizan (2001) — hereafter referred to as FHK — is one approach. The part of the FHK approach that applies to entering and exiting firms can be dropped in this application to the case of industries.
The first step is to add and subtract 
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 to the right hand side of (B2), which obviously has no net effect on the equation. With regrouping of terms, this yields: 

(B3)
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The first term on the right hand side is the ‘within’ effect — the sum of changes in industries’ productivity at fixed (base period) shares.
 The within effect on aggregate productivity growth is positive if the weighted sum of the productivity growth in productivity-improving industries outweighs the weighted sum of the (negative) productivity growth in industries with poorer productivity performance. This is more likely to be the case if, for example, large industries improve their productivity. 
The second term is the ‘between’ effect — the sum of changes in industries’ shares multiplied by their new (end period) level of productivity. The between effect is positive if the reallocation of activity is biased toward industries with higher levels of productivity.
FHK added a covariance term, which can be derived by adding and subtracting the terms 
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to equation (B3):
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Grouping the terms in brackets:

(B4)
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This formulation splits the between-industries effect into two components. The second term in (B4) is sometimes referred to as the ‘static reallocation’ component — the growth in aggregate productivity due to the reallocation of activity between industries (that is, changes in shares) at fixed industry productivity levels. The third term is sometimes referred to as the ‘dynamic’ reallocation effect — the growth in aggregate productivity due to the combination of industry productivity growth and reallocation of activity. The dynamic effect is positive when productivity growth in expanding industries dominates.
FHK introduced one further modification. They expressed the static reallocation effect in terms of deviations in productivity from the average (here, the market sector average). This can be introduced into equation (4) by subtracting [image: image17.png]pLnY sl
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. Because the sum of the shares is equal to unity in both cases, this is effectively adding and subtracting the same amount, and so equation (B4) still holds. It becomes:

(B5)
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The static reallocation effect then has the interpretation that industries have a positive effect on aggregate productivity growth if they expand and their productivity levels are above average — or if their share shrinks and their productivity is below average. Similarly, industries will have a negative static reallocation effect if they have below-average productivity and they grow relatively rapidly (and conversely). 

Industries will have a positive effect on aggregate productivity growth through the dynamic reallocation effect if they grow relatively rapidly and at the same time improve their productivity (and conversely). Negative dynamic reallocation contributions arise when industries grow relatively fast (slow) and at the same time reduce (increase) productivity.
A decomposition based on Griliches and Regev 
FHK also put forward a ‘method 2’ decomposition formula in their review and analysis. It is closely related to the formula proposed by Griliches and Regev (1995). 
Once again, the derivation with respect to industries is drawn from the ‘continuing firms’ part of the specification.

First, equation (B2) is rewritten as:
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Now add and subtract the same additional terms, 
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so that there is no net effect on the equation:
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Rearranging:
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and so

(B6)
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where a is the arithmetic average of values in t-n and t.

As before, FHK introduced a modification to highlight differences in productivity in firms (industries here) from the average. Subtracting 
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With this method, the ‘within’ effect comprises the same growth in industry productivity as in the FHK method, but weighted at the average of shares in the base and end periods (rather than at the base period shares). The ‘between’ effect collapses into a single term, with an interpretation similar to the static reallocation effect in the FHK method, except that the measurement of the extent to which industries deviate from the market-sector average level of productivity is based on the arithmetic averages of base- and end- period values.
In the firm-level empirics literature, the use of average values in the GR method is considered to carry some advantage in that it reduces the sensitivity of measured ‘within’ and ‘between’ effects to random measurement errors in some years (Foster, Haltiwanger and Krizan 2001, p.317).

B.
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Calculation of ‘within’ and ‘between’ industry effects
The method now used to calculate within and between industry effects is straightforward. 
First, the ‘total’ industry effects are calculated in accordance with the method set out in appendix A, as an approximation to the growth in market-sector MFP published by the ABS. These estimates are displayed in table B.1. 
Second, the within effects are calculated according to the Griliches and Regev method set out in the previous section of this appendix.
 However, the simple weighting by output shares, as set out in the previous section is not used. Rather the separate use of output and input weights, as set out in appendix A, is adapted to the task here. In other words, average output shares and average input shares are used as appropriate to calculate the within industry effects. These estimates are also displayed in table B.1.  
Third, the between industry effects are calculated as the difference between the total industry effects and the within industry effects. The results are also displayed in table B.1.

Generally, the between industry effects are very small. However, the shift of resources into Mining in the last productivity cycle took one tenth of a percentage point off market sector productivity growth. That is, MFP growth would have been one tenth of a percentage point higher if the Mining industry had not attracted any more resources in the last cycle. This negative effect is some combination of a short-term phenomenon, pending an output response, and a price effect—bringing a lift in income without an output response.
Table B.

 SEQ Table \* ARABIC 1
Total, within and between industry effects
per cent per annum and percentage points
	
	1993-94 to 1998-99
	1998-99 to 2003-04
	2003-04 to 2007-08

	Published market sector
	2.1
	1.0
	-0.3

	Approximation error
	0.3
	0.1
	-0.1

	Total industry
	
	
	

	Agriculture
	0.19
	0.17
	-0.06

	Mining
	0.02
	-0.01
	-0.48

	Manufacturing
	0.15
	0.30
	-0.25

	EGWWS
	0.06
	-0.08
	-0.17

	Construction
	0.27
	0.03
	0.07

	Wholesale trade
	0.45
	0.12
	0.03

	Retail trade
	0.14
	0.05
	-0.05

	Accommodation & food
	0.02
	0.01
	0.01

	Transport, post & storage
	0.19
	0.14
	0.03

	Info media & telecomms
	0.18
	-0.05
	-0.01

	Financial & insurance
	0.19
	0.16
	0.67

	Arts & recreation
	-0.03
	0.02
	-0.04

	Market sector
	1.8
	0.9
	-0.2

	Within effect
	
	
	

	Agriculture
	0.21
	0.27
	-0.06

	Mining
	0.02
	0.01
	-0.36

	Manufacturing
	0.14
	0.29
	-0.25

	EGWWS
	0.06
	-0.09
	-0.18

	Construction
	0.27
	0.11
	0.08

	Wholesale trade
	0.45
	0.12
	0.02

	Retail trade
	0.14
	0.05
	-0.05

	Accommodation & food
	0.01
	0.01
	0.01

	Transport, post & storage
	0.18
	0.14
	0.03

	Info media & telecomms
	0.18
	-0.06
	-0.01

	Financial & insurance
	0.18
	0.19
	0.69

	Arts & recreation
	-0.03
	0.02
	-0.04

	Market sector
	1.8
	1.1
	-0.1


(continued on next page)

Table B.1
(continued)
	
	1993-94 to 1998-99
	1998-99 to 2003-04
	2003-04 to 2007-08

	Between effect
	
	
	

	Agriculture
	-0.01
	-0.10
	-0.01

	Mining
	-0.01
	-0.02
	-0.11

	Manufacturing
	0.00
	0.00
	0.00

	EGWWS
	0.00
	0.00
	0.00

	Construction
	0.00
	-0.07
	0.00

	Wholesale trade
	0.00
	0.00
	0.01

	Retail trade
	-0.01
	0.00
	0.00

	Accommodation & food
	0.00
	0.00
	0.00

	Transport, post & storage
	0.01
	0.00
	0.00

	Info media & telecomms
	0.00
	0.01
	0.00

	Financial & insurance
	0.00
	-0.02
	-0.02

	Arts & recreation
	0.00
	0.00
	0.00

	Market sector
	0.0
	-0.2
	-0.1


�	The former effect is sometimes referred to as the ‘Lewis effect’ after the 1950s dual economy work of W. Arthur Lewis and the latter effect is often referred to as the ‘Baumol effect’ after the 1960s work of William Baumol (for discussion and references see, for example, van Ark and Timmer 2003).


� See Foster, Haltiwanger and Krizan (2001) for a review.


� Formulas for decomposing MFP growth are derived. While the same general approach can be used for labour productivity, there are important differences in detail. However, there is no need to set them out here.


� Note this is the rate of growth over the n-year period. The average annual rate of growth would be found by dividing by the number of years, n.


� Equation (B3) is the equivalent of the ‘continuing firms’ part of the Baily, Hulten and Campbell (1992) decomposition. 


� This is the ‘continuing firms’ formulation presented by Griliches and Regev (1995).


� The use of average share weights fits with the concept of ‘pure’ productivity change suggested by, for example, Fox (2004) and Breunig and Wong (2008).
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