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10
Productivity
Productivity is a measure of output from a production process, per unit of input. Growth in output per unit of labour input — labour productivity — is estimated to have accounted for over half of Australia’s GDP growth over the last 35 years, with the remainder contributed by growth in labour inputs (chapter 7). 
This chapter reports on productivity trends in Australia with reference to the factors that contribute to the growth in labour productivity, in aggregate and by industry. It distinguishes between contributions to labour productivity growth due to the deployment of additional capital per unit of labour input (capital deepening) and, for the ‘market sector’, improvements in multifactor productivity (box 10.1). Economy-wide information is presented for the 35-year period from 1974‑75 to 2009‑10 (section 10.1). Disaggregated industry information is also presented where details are available (section 10.2). 

Against this background, this chapter also reports productivity projections and modelling assumptions employed in recent economy-wide modelling studies (section 10.3). It then considers possible factors underlying measured changes in labour productivity and MFP (including changes in energy, material and other intermediate inputs) (section 10.4). Section 10.5 outlines the labour productivity growth scenario applied in the modelling reference case, including a stylised approach for modelling underlying technological and organisational change. 

10.

 SEQ Heading2 1
Economy-wide perspective

Annual average growth 

Over the 35 years from 1974‑75 to 2009‑10, output of the economy, as measured by real gross domestic product, increased on average by 3.2 per cent per year.
 Labour inputs (measured in terms of total hours worked) increased by an average of 1.6 per cent per year and capital inputs by 3.3 per cent (figure 10.1, left hand panel).

	Box 10.

 SEQ Box \* ARABIC 1
MFP and the market and non-market sectors

	MFP growth is defined in growth accounting as the growth in output that is not directly attributable to growth in labour and capital inputs. Accordingly, the estimation of MFP growth requires a measure of output that is independent of the use of labour and capital inputs. 

MFP estimates are limited to those industries for which relevant information on industry inputs and output is available. These industries are collectively termed the ‘market sector’ by the ABS. For those industries which lack an independent measure of output (that is, the ‘non-market’ sector and ownership of dwellings), it is impractical to disaggregate output growth into the contribution made by capital, labour and MFP.

Productivity growth data for the market sector in aggregate are available from 1974‑75, while data for 12 of the 16 industries that make up the market-sector are available from 1986‑87. Growth data for the remaining four market sector industries are only available from 1995‑96. The 12-industry market sector accounted for just around 60 per cent of gross domestic product in 2009‑10 (and industry gross value added, GVA), while the four additional industries take the total contribution of the market sector to just over 70 per cent of gross domestic product (just over 75 per cent of industry GVA). 

	Industry coverage of the market and non-market sectors in Australia
ANZSIC 2006 industry divisions
Market sector (12 industries)

Non-market sector (3 industries)

Agriculture, forestry & fishing

Public administration & safety

Mining

Education & training

Manufacturing

Health care & social assistance
Electricity, gas, water & waste services
Other activities

Construction

Ownership of dwellings

Wholesale trade

Retail trade

Accommodation & food services
Transport, postal & warehousing
Information, media & telecommunications
Financial & insurance services
Arts & recreation services
Market sector (4 industries)

Rental, hiring and real estate services

Professional, scientific & technical services
Administrative & support services
Other services
Source: ABS (Australian National Accounts: National Income, Expenditure and Product, December 2010, Cat. no. 5206.0).

	

	


Figure 10.

 SEQ Figure \* ARABIC 1
Growth in output, capital inputs, labour inputs and labour productivity for the whole economy, 1974‑75 to 2009‑10a
	Average annual growth rate

Per cent per year
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a Real GDP is adopted as the measure of output for the whole economy. Labour inputs are measured as average hours worked per week by employed persons in each quarter multiplied by 52 weeks. Capital inputs are measured by net capital stock for the economy. Real GDP also includes taxes less subsidies on products and the statistical discrepancy. Labour productivity is calculated as real GDP per hour worked, while MFP is calculated as the growth in output not accounted for by growth in labour and capital inputs, taxes less subsidies on products and the statistical discrepancy. Capital deepening is additional capital inputs per unit of labour input.
Source: Commission estimates based on ABS (Australian System of National Accounts, 2009‑10, Cat. no. 5204.0); ABS (Australian National Accounts: National Income, Expenditure and Product, December 2010, Cat. no. 5206.0); ABS (Labour Force, Australia, Detailed, Quarterly, February 2011, Cat. no. 6291.0.55.003); ABS (Experimental Estimates of Industry Multifactor Productivity, 2010‑11, Cat. no. 5260.0.55.002).
With national output increasing ahead of labour inputs, national labour productivity increased by an annual average of 1.7 per cent between 1974‑75 and 2009‑10 (figure 10.1, right hand panel). Available information indicates that MFP growth (as measured for the market sector) contributed over one-half of estimated national labour productivity growth, with capital deepening contributing the remainder.

Contributions to labour productivity have varied over time
The relative contributions made by capital deepening and MFP to labour productivity growth have varied across time (figure 10.2). In the decade from the mid‑1970s to the mid‑1980s, the contributions of capital deepening and the productivity of labour and capital (MFP) were broadly similar. In the following two decades — from the mid‑1980s to the mid‑2000s — increases in MFP, including the increased utilisation of capital, provided the main source of growth in labour productivity. The relatively high MFP growth over this period was associated with a series of economic reforms that promoted competition in product and factor markets, which included National Competition Policy and reform of the labour market. From the mid‑2000s, the level of labour and capital inputs increased ahead of national output, and the contribution of MFP to labour productivity growth declined. In part, this productivity decline reflects the substantial capital investment in the mining and utility industries that have yet to be matched by higher output over the period, and the effects of drought on agricultural production. 

Figure 10.

 SEQ Figure \* ARABIC 2
Contributions of MFP and capital deepening to national labour productivity growth, 1974‑75 to 2009‑10a
Per cent per year
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a Each column represents the average labour productivity growth over the period specified.

Source: Commission estimates based on ABS (Australian System of National Accounts, 2009‑10, Cat. no. 5204.0); ABS (Australian National Accounts: National Income, Expenditure and Product, December 2010, Cat. no. 5206.0); ABS (Labour Force, Australia, Detailed, Quarterly, February 2011, Cat. no. 6291.0.55.003); ABS (Experimental Estimates of Industry Multifactor Productivity, 2009‑10, Cat. no. 5260.0.55.002).
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Sectoral perspective

Market sector and other industry divisions

For most industry sectors, measured labour productivity in Australia grew over the 35 years from 1974‑75 to 2009‑10 (figure 10.3). However, the rate of increase has varied, both with changes in capital deepening and MFP. For example, while capital deepening has contributed to labour productivity growth in mining, measured MFP has declined, as labour and capital inputs combined have increased ahead of output. 

Figure 10.

 SEQ Figure \* ARABIC 3
Contribution of MFP and capital deepening to industry labour productivity growth, 1974‑75 to 2009‑10a,b,c
Per cent per year
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a(The current ABS series of labour inputs by industry is classified by ANZSIC 2006 and is available for the period 1985‑86 to 2009‑10. This series is projected back to 1974‑75 using trend information classified by ANZSIC 1993 industry. Similarly, capital input growth is measured using the ABS capital service series for the period 1985‑86 to 2009‑10, while growth in net capital stocks was used to project changes in capital inputs back over the period 1974‑75 to 1984‑85. Industry output is measured by industry gross value added. b Each bar represents the average labour productivity growth over the period specified. c The ownership of dwellings industry does not employ any labour inputs. The average annual growth rate in capital inputs and output for the ownership of dwellings industry over this period is 3.8 per cent.
Source: Commission estimates based on ABS (Australian System of National Accounts, 2009‑10, Cat. no. 5204.0); ABS (Australian National Accounts: National Income, Expenditure and Product, December 2010, Cat. no. 5206.0); ABS (Labour Force, Australia, Detailed, Quarterly, February 2011, Cat. no. 6291.0.55.003); ABS (Experimental Estimates of Industry Multifactor Productivity, 2009‑10, Cat. no. 5260.0.55.002).

As output has increased at a slower rate than input use, measured MFP has declined for four additional service sectors — accommodation and food services; arts and recreation services; rental, hiring and real estate services; and other services.
Reflecting the difficulty in measuring the output of many public sector activities independently of input use, labour productivity in health care and social assistance, education and training, and public administration and safety are assumed to change with the capital intensity of production.
Recent developments in sectoral productivity trends

[image: image16.emf]0

20

40

60

80

100

120

1974-75 1984-85 1994-95 2004-05

Labour productivity MFP

In addition to average labour productivity growth varying between industries for the 35 years examined, the contribution of individual sectors to the aggregate changes has varied between years. For example, the above average MFP growth during the 1990s reflected relatively high productivity growth in the information media & telecommunications and financial & insurance services sectors associated with the introduction of information and communications technology (ICT) (Gretton et al. 2003).

During the 2000s, aggregate labour productivity and MFP growth in the mining and electricity, gas, water and waste services (EGWW) sectors has declined relative to historical standards (figure 10.4).
The remainder of this section examines recent growth trends in these sectors.

Mining
Mining sector productivity increased from the early‑1980s to the turn of the century. However, sectoral productivity has declined since the early 2000s (figure 10.5). 
Several factors have contributed to the decline in estimated mining sector productivity, in particular:
· the ‘boom-bust’ nature of the sector and long leads times between new capital investment and the corresponding increase in output;
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strong growth in commodity prices that make it profitable to (temporarily) increase output without commensurate increases in the efficiency with which capital and labour inputs are used; 
· depletion of high quality natural resources in operating mines and available economically exploitable deposits, requiring increased capital and labour inputs per unit of output, given the prevailing technologies; and

· current production demands that exceed the capacity of labour with mining-related training and experience, leading to the employment of less skilled and, at least initially, less productive workers (Topp et al. 2008).
Productivity trends have differed within the mining industry 

Information on productivity trends for mining industry product groups provide a disaggregated view of industry productivity trends. From 1974‑75 to 1999‑00, labour productivity is estimated to have increased across all mining products other than oil and gas (figure 10.6, left hand panel). In comparison to the historical trends, however, available information shows a decline in labour productivity across most products from the early 2000s (figure 10.6, right hand panel). Over this period, while output has increased ahead of historical averages, capital and labour inputs have grown even faster. This reflects the increase in investment that has occurred in response to strong world demand for Australian mining products, particularly iron ore and coal.
 

Figure 10.

 SEQ Figure \* ARABIC 6
Contributions to labour productivity growth by mining product, 1974‑75 to 1999‑00 and 2000‑01 to 2006‑07

Per cent per year
	1974‑75 to 1999‑00
	2000‑01 to 2006‑07

	[image: image5.emf]-20

-15

-10

-5

0

5

10

MFP Capital deepening

Coal

Oil & 

gas

Iron

ore

Other

ore 

mining

Silver

lead

zinc

6.5

-0.5

7.2

5.4

7.4


	[image: image6.emf]-20

-15

-10

-5

0

5

10

MFP Capital deepening

Coal

Oil & 

gas

Iron

ore

Other

ore

mining

Silver

lead

zinc

-2.2

-10.4

0.6

-3.6

-11.0




a Values denote average labour productivity growth rates.

Source: Commission estimates based on Topp et al. (2008).
Electricity, gas, water and waste services

The EGWW sector has experienced a decline in productivity growth since the late 1990s (figure 10.7). Some of the main factors influencing this decline are:

· the construction of new facilities for the provision of water services (including desalination and water pumping) associated with expanding conurbations and recent severe droughts, many of which are yet to substantially contribute to output; 
· a shift away from large coal to gas-fired power stations and renewable energy sources (such as wind and solar) which require more capital per unit of output;

· the increase in the level of peak household demand for electricity during summer, requiring greater reserve capacity; and

· in recent years, a cyclical pattern of investment associated with replacing ageing network infrastructure (Topp and Kulys 2012).
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Projections used in other studies

Recent studies have provided projections of future trends in productivity for Australia based on historical trends and international comparisons.

Carbon emissions reduction and carbon price policy modelling
Productivity projections underpin the modelling reference cases used in three distinct, but related, studies of carbon emission reduction policies in Australia:

· Australia’s Low Pollution Future (Australian Government 2008);

· Garnaut Climate Change Review (Garnaut 2008); and
· Strong Growth, Low Pollution (Treasury 2011).
The approach used to model productivity growth appears to be broadly similar in these three studies. The projections developed for Australia’s Low Pollution Future informed the modelling undertaken for the Garnaut Climate Change Review and were then updated, and in some cases revised, in Strong Growth, Low Pollution.

This section reports on the productivity projections used in the MMRF modelling in these three studies. However, as there is some uncertainty as to precisely what was done in any one study, this section draws on the discussion in all three studies.
 Given the updated nature of the projections in Strong Growth, Low Pollution, the following discussion focuses more on the assumptions employed in that study.

These studies outline three sources of productivity growth in the reference case:
· exogenous changes in labour productivity for the economy as a whole (referred to as ‘aggregate labour productivity’);

· exogenous changes in labour productivity by industry (referred to as ‘sector-specific labour productivity’); and

· exogenous changes in the use of intermediate inputs in production.

Given their focus on modelling emission levels, these studies also employ additional sector-specific emissions- or energy-related assumptions.

The aggregate labour productivity assumptions in Strong Growth, Low Pollution were imposed as labour augmenting technical change (Treasury 2011, p. 169). Treasury forecasts and budget projections were used to 2014‑15. After that, it is unclear what assumptions, if any, were made regarding aggregate labour productivity to 2050. A table in that study reports average productivity growth rates by decade — 1.4 per cent during the 2010s and 1.6 per cent thereafter (table 10.1), implying an average of approximately 1.5 per cent per year to 2050. However, it is not clear whether this productivity growth was imposed on the modelling or arose as a consequence of other assumptions made.
Table 10.

 SEQ Table \* ARABIC 1
Key macroeconomic growth assumptions to 2050 in Strong Growth, Low Pollution
Average annual growth rate; per cent per year
	Decade
	Employment
	Labour
productivity
	Real GDP

	2010s
	1.6
	1.4
	3.0

	2020s
	1.1
	1.6
	2.6

	2030s
	1.0
	1.6
	2.6

	2040s
	0.9
	1.6
	2.5


Source: Treasury (2011, p. 168).
The changes in labour productivity by industry sector, which were modelled as labour augmenting technical change, introduce compositional detail into the aggregate labour productivity story.
 The sector-specific growth rates initially used in Strong Growth, Low Pollution represent the average annual growth in labour augmenting technical change from 1976 to 2007 in the ABS National Accounts and remove the effect of capital deepening on output from MFP (figure 10.8).
 The modelling assumes that, after 2014‑15, sector-specific labour augmenting technical change ‘gradually transitions to the assumed aggregate rate of 1.6 per cent per year’ (Treasury 2011, p. 169).
Figure 10.

 SEQ Figure \* ARABIC 8
Sector-specific labour augmenting technical change growth in Strong Growth, Low Pollution, 1975‑76 to 2006‑07
Average annual growth rate, per cent per year
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Source: Treasury (2011, p. 170).

The Strong Growth, Low Pollution modelling also allowed for changes in the use of intermediate inputs in production (table 10.2). The non-energy-related assumptions were:

… based on a historical decomposition analysis by Giesecke (2004). Treasury validates intermediate input usage estimates in MMRF using a data set from the Centre for Integrated Sustainability Analysis at University of Sydney. Reflecting uncertainty about the persistence of historical trends over long timeframes, the intermediate input changes are assumed to decline linearly to zero between 2020 and 2050. MMRF implements the change in the intermediate input usage in a cost-neutral way, so total factor productivity remains unchanged. (Treasury 2011, pp. 170‑1)
The Strong Growth, Low Pollution reference case also included a 0.5 per cent per year improvement in energy efficiency for all sectors other than transport, iron and steel, non-metallic minerals, non-ferrous metals, chemicals, rubber and plastics, which adopted sector-specific energy efficiency assumptions (p. 158).

These assumptions collectively imply a decline in the total use of intermediate inputs per unit of output over time (box 10.2).

Table 10.

 SEQ Table \* ARABIC 2
Intermediate input technological change projections to 2050 in Strong Growth, Low Pollutiona
Intermediate input use growth per unit of output for all industries, per cent per year
	MMRF commodity
	2010 to 2020
	2020 to 2030
	2031 to 2040
	2041 to 2050

	Sheep & cattle
	-0.2
	-0.2
	-0.1
	0.0

	Dairy cattle
	-0.2
	-0.2
	-0.1
	0.0

	Other animals
	-0.2
	-0.2
	-0.1
	0.0

	Forestry
	-0.5
	-0.4
	-0.3
	-0.1

	Coal mining
	-0.5
	-0.5
	-0.5
	-0.5

	Gas mining
	-0.5
	-0.5
	-0.5
	-0.5

	Other mining
	-1.5
	-1.2
	-0.8
	-0.3

	Meat products
	0.5
	0.4
	0.2
	0.1

	Textiles, clothing & footwear
	-2.0
	-1.6
	-1.0
	-0.4

	Wood products
	-0.2
	-0.2
	-0.1
	0.0

	Paper products
	-0.2
	-0.2
	-0.1
	0.0

	Printing
	-0.4
	-0.3
	-0.2
	-0.1

	Gasoline
	-0.5
	-0.5
	-0.5
	-0.5

	Diesel
	-0.5
	-0.5
	-0.5
	-0.5

	LPG
	-0.5
	-0.5
	-0.5
	-0.5

	Air fuel
	-1.0
	-1.0
	-1.0
	-1.0

	Other fuel
	-0.5
	-0.5
	-0.5
	-0.5

	Chemicals
	-0.7
	-0.6
	-0.4
	-0.1

	Rubber & plastic products
	0.5
	0.4
	0.2
	0.1

	Non-metal construction products
	-0.5
	-0.4
	-0.3
	-0.1

	Cement
	-0.3
	-0.2
	-0.2
	0.1

	Iron & steel
	-1.0
	-0.8
	-0.5
	-0.2

	Aluminium
	-1.0
	-0.8
	-0.5
	-0.2

	Other metals manufacturing
	-0.1
	-0.1
	-0.1
	0.0

	Metal products
	-0.1
	-0.1
	-0.1
	0.0

	Other manufacturing
	-0.5
	-0.4
	-0.3
	-0.1

	Electricity supply
	-0.8
	-0.6
	-0.5
	-0.5

	Water supply
	-1.0
	-0.8
	-0.5
	-0.2

	Construction
	0.5
	0.4
	0.2
	0.1

	Trade
	0.5
	0.4
	0.2
	0.1

	Accommodation & hotels
	-1.5
	-1.2
	-0.8
	-0.3

	Road transport: passenger
	0.7
	0.6
	0.3
	0.1

	Road transport: freight
	0.7
	0.6
	0.3
	0.1

	Rail transport: passenger
	0.4
	0.3
	0.2
	0.1

	Rail transport: freight
	0.4
	0.3
	0.2
	0.1

	Air transport
	0.5
	0.4
	0.2
	0.1

	Communication services
	1.0
	0.8
	0.5
	0.2

	Financial services
	0.5
	0.4
	0.2
	0.1

	Business services
	1.5
	1.2
	0.7
	0.3


a Annual change in the use of the commodity identified per unit of output across all industries. Energy commodities have economy-wide energy efficiency term applied. Excludes commodities that have no intermediate input efficiency shocks applied.

Source: Treasury (2011, p. 171).

	Box 10.

 SEQ Box \* ARABIC 2
Implied total intermediate input technical change

	Technological changes in the use of individual products will flow through to affect total intermediate input use per unit of output. Using product group weights derived from the ABS Input-Output Tables, the Commission has calculated the total intermediate input changes implied by the product-specific intermediate input technical change assumptions adopted in Strong Growth, Low Pollution (Treasury 2011, p. 171). The relevant input‑output weight is the ratio of intermediate input usage by each product expressed as a proportion of total Australian production (that is, the gross output of all industries).

Such calculations suggest that, in the early years of the Treasury projection period, there would be an increase in the use of intermediate inputs per unit of output, albeit at a decreasing rate (see figure). This increase occurs because service industry favouring technical change outweighs material and energy saving technical change. By 2041, the application of the projected intermediate input technical changes implies an overall decrease in intermediate input technical change.
Implied intermediate input technical change, 2010 to 2050
Per cent per year
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Source: Commission estimates based on ABS (Australian National Accounts: Input-Output Tables — Electronic Publication, 2005‑06, Cat. no. 5209.0); Treasury (2011, p. 171).

	

	


To avoid possible double counting between assumed intermediate input efficiency improvements and labour productivity changes that might arise from the use of primary inputs in production, total factor productivity in Strong Growth, Low Pollution is constrained over the period to be ‘cost neutral’. As a result, reductions in total intermediate input requirements per unit of output are assumed to be offset by increases in the required use of labour to produce the same level of output.
The earlier carbon emissions modelling studies provide some additional insights into the modelling of labour productivity in the reference case. Australia’s Low Pollution Future states that:

… Treasury forecasts and budget projections for aggregate labour productivity growth until 2011‑12’. … Budget projections assume labour productivity growth of 1¾ per cent per year. This is based on 30-year trends from the ABS National Accounts, which indicate that aggregate labour productivity — expressed in terms of GDP per hour worked — for the Australian economy averaged around 1¾ per cent per year from 1975‑76 to 2006‑07. … In the reference scenario, aggregate Australian labour productivity growth is assumed to gradually slow from 1¾ per cent to 1½ per cent per year over the ten years to the mid‑2020s. This outcome, of 1½ per cent for long-term aggregate Australian labour productivity growth, is consistent with the long-term labour productivity growth assumption for the United States. (Australian Government 2008, p. 235)
This indicates that, at least in the reference case for Australia’s Low Pollution Future, aggregate labour productivity was modelled out beyond the budget projections, presumably to 2050. This was operationalised in MMRF by ‘adjusting the labour-augmenting technical change variable at an industry level’ (p. 235). This interpretation as to how aggregate labour productivity was modelled is consistent with the assumptions detailed in the Garnaut Review (2008, Technical Paper no. 3, p. 10), which drew on the reference case used in Australia’s Low Pollution Future.
This indicates that the carbon emissions reduction modelling may have involved applying all three productivity shocks to 2050: aggregate labour productivity; sector-specific labour productivity; and intermediate input use productivity.
Intergenerational Report 2010 
The Intergenerational Report 2010 (Australian Government 2010) specifies productivity improvements in terms of labour productivity at the national level. The report assumes that the 30 year historical average growth rate in labour productivity for the whole economy of 1.6 per cent per annum continues for the next 40 years. 
This growth rate is lower than the 30 year average of 1.75 per cent used in the Intergenerational Report 2007 (Australian Government 2007) and reflects the lower measured productivity in recent years.

Some implications for the development of a modelling reference case

The productivity projections in the studies reviewed involve a number of key modelling assumptions.
First, national labour productivity has been projected to increase at pre-specified rates over the projection period.

Second, in the carbon emission reduction modelling, a number of detailed assumptions have been applied that would affect the relative competitiveness of activities and the distribution of activity. In particular:

· primary factor, or multifactor productivity, is attributed to labour augmenting technical change; 

· changes in the intensity of intermediate inputs of products are attributed to intermediate input augmenting technical change; and

· total factor productivity is modelled as adjusting to avoid possible double counting between assumed changes in the intensity of intermediate input use and labour productivity. 

While these assumptions provide for a targeted approach to projecting and modelling productivity change, they do not allow for a number of other possible influences on productivity, including: 
· changes affecting the distribution of activity between sectors and the relative importance of labour and capital inputs and intermediate inputs (that is, compositional changes); and 
· technological and organisational changes that affect the productivity of capital.

As additional background to the development of the reference case, the following section draws on available data to outline in broad terms possible sources of productivity change and the service potential of inputs. It pays particular attention to the likely underlying sources of measured productivity growth. 

10.
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Possible sources of productivity changes

As noted, technical and organisational changes add to the productivity of available labour and capital. Such changes augment available inputs and can increase output above levels that would otherwise be feasible. Improvements in input augmenting technical change commonly referred to include:

· labour augmenting technical change, which increases the effectiveness of labour inputs used in production — typified by a ‘Harrod‑Neutral’ production function;
· capital augmenting technical change, which improves the effectiveness of capital inputs used in production — typified by a ‘Solow‑Neutral’ production function; and 

· multifactor augmenting technical change, which improves the effectiveness of primary factors used in production (typically, labour and capital inputs) — typified by a ‘Hicks‑Neutral’ production function.
In addition to improvements in the productivity of resources resulting from technical and organisational change, the service potential or ‘quality’ of inputs can improve. Education, training and work experience will improve labour quality, while technological advances in investment products (or new product varieties) can improve the quality of capital. Ideally, measures of labour and capital inputs would reflect technical change and improvements in service potential embodied in labour and capital inputs. The difference between growth in output and inputs would then provide a measure of input augmenting (or disembodied) technical and organisational change. However, in practice:
· Some adjustments are made to the capital-service input series for the market sector to take account of changes in quality (that is, the relative productivity of individual capital inputs), affording estimates of quality-adjusted inputs of capital services to production (see ABS 2000).
· Labour inputs by industry are combined into a single category and measured in terms of hours worked without adjustment for relative productivity per hour worked of employed persons of different levels of technical skill or experience. 

Because MFP is conventionally estimated as the change in output not attributed to measured inputs, changes in the quality of labour and other inputs and information gaps are implicitly incorporated in measured MFP in published productivity series. Despite this limitation, some statistical indicators support broad assessments of the prevalence of changes in input quality and the possible influence of technological and organisational change on the effectiveness of capital and labour inputs.

Labour inputs

Available indicators suggest that the quality of the labour force is improving. 

Opportunities for higher real wages can arise from labour augmenting technological change, higher skill levels and the transferring of labour between activities and occupations. Over the 15-year period from June 1995 to June 2010, real wages have increased on average by 2.3 per cent annually. Over the same period, there was change in the composition of the labour force towards professional occupations relative to employment in other occupations. There has also been a decline in clerical and administrative workers, labourers, and machinery operators and drivers relative to other categories (chapter 9). 

Occupational categories for professional workers are associated with tertiary and higher-level qualifications and higher relative wage rates are indicative of higher productivity. Since the mid‑1990s, real wage increases have been concentrated in industries that tend to have higher-skilled occupations (figure 10.9, left hand panel). 
Figure 10.
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Trends in labour inputs used in production
	Industry real wage rates,
June 1995 to June 2010
2008‑09$ per hour
	Labour inputs index for the market sector,
1974‑75 to 2009‑10a
Index (Reference year: 1999‑00=100)
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a Quarterly average hours worked in a week are calculated from the quarterly survey of industry hours worked in a survey week divided by the number employed quarterly. The average weekly earnings for each industry are then divided by the average weekly hours worked and corrected for inflation using the Consumer Price Index.
Source: Commission estimates based on ABS (Labour Force, Australia, Detailed, Quarterly, May 2012, Cat. no. 6291.0.55.003); ABS (Average Weekly Earnings, Australia, February 2012, Cat. no. 6302.0); ABS (Consumer Price Index, Australia, March 2012, Cat. no. 6401.0); ABS (Experimental Estimates of Industry Multifactor Productivity, 2010‑11, Cat. no. 5260.0.55.002).
For the market sector, experimental estimates by the ABS suggest that labour inputs adjusted to take account of work experience and education increased by 1.6 per cent per year over the period 1983‑84 to 2009‑10 (the period for which quality adjusted hours worked is available). By contrast, labour inputs measured on an hours worked basis increased by 1.2 per cent per year over the same period (figure 10.9, right hand panel). 
To the extent that improvements in labour quality are subsumed in MFP estimates, any input augmenting technical change, for labour or labour and capital combined, induced by technological and organisational change cannot be directly observed. 

Capital inputs

While some adjustments for the quality of capital inputs are made, the incidence or scale of any capital or capital and labour combined input augmenting technical change cannot be directly observed. Nevertheless, there are some indicators that provide a guide to the scope for such changes. For example, asset replacement and new investment provide the opportunity to take up potentially more efficient technologies that could spill over to raise the productivity of labour and capital. The potential for such spillovers would be influenced by both the growth in new investment and the depreciation cycles for existing assets — estimated by the ABS to be 18 years on average for machinery and equipment employed across market sector activities, with some variation between sectors. That is, capital stocks would be fully replaced with new models, on average, every second decade or so. Moreover, within each asset class, the effective life of an asset varies significantly, implying a more rapid turnover for some items. For example, the average asset life for computers and related equipment is only four years, implying a faster rate of turnover of fixed capital.

With the turnover of assets and the introduction of new technologies comes the opportunity to augment older capital items, through retrofitting and other modifications, enabling multifactor augmenting technological and organisational changes within firms. For example, the introduction of ICT has been assessed as contributing to structural change and an acceleration in productivity growth during the 1990s in countries characterised by ICT-intensive growth.

Intermediate inputs, and material and energy use

Productivity analyses of national economies predominantly focus on the MFP productivity of labour and capital. However, the measurement and interpretation of MFP can also be influenced by the choice of output measure and the treatment of intermediate inputs in production (box 10.3).

	Box 10.
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Productivity effects of intermediate input technical change

	The two basic measures of output used in productivity analysis are:

· gross output (Y), which includes intermediate inputs (I), such as materials, energy and services, used in the production, as well as the primary inputs of labour (L) and capital (K); and

· value added, which excludes intermediate inputs used in production (Y-I).
Either output measure can be used to estimate partial measures of productivity growth, such as labour productivity. Both output measures can also provide a basis for more comprehensive measures of productivity growth, such as: 

· multifactor productivity (MFP), which is typically used to measure changes in the productivity of capital and labour using the value added concept of output:
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· total factor productivity (TFP), which is used to measures changes in the productivity of all inputs using the gross output concept:
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The value added approach to calculating MFP has some notable advantages. It is easy to use because it ignores inter-industry and intra-industry flows of goods and services. It can be calculated at the industry level and meaningfully compared to the national economy or against other sectors. Estimating growth of value adding output, however, often involves the assumption of no change in the ratio of intermediate inputs to gross output (the Leontief assumption). The application of this assumption therefore attributes all changes in technology and the organisation of production to changes in the productivity of labour and capital. This is misleading if the efficiency of labour and capital has not been the source of this productivity growth.
In contrast, TFP estimates provide a comprehensive measure of productivity improvements from disembodied technical change in all inputs, particularly at the industry level. By allowing for changes in the use of intermediate inputs as well as primary factor inputs, it takes into account the key sources of productivity change.
The difference between MFP and TFP productivity growth is less pronounced at the national level than at the sectoral or industry level. At the national level, the difference between the measures arises from the proportion of intermediate inputs sourced as imports. At the industry level, the higher the share of intermediate inputs, the more TFP can diverge from MFP.

	

	


Technological and organisational changes that result in more efficient use of intermediate inputs will increase output per unit of labour and capital. Such changes may occur with:

· new product varieties and changes in the quality of intermediate goods and services inputs that raise the effective output per unit of input of the intermediate‑good produced;

· changes in industry organisation and ways of working between industries (for example, through subcontracting, outsourcing and inter-industry trade) that reduce the effective resource cost per unit of output; and 

· changes in technology and organisation of production within industries to reduce energy, material and other input requirements per unit of output (such as through energy efficiency improvements or reductions in regulatory red tape). 

The first and second points would tend to be associated with intermediate product deepening — an increase in the incidence of intra- and inter-industry transactions and higher output per unit of value adding input (that is, labour and capital). The third point would be associated with a decrease in the intensity of energy and material inputs per unit of output. 

Available information from the EU KLEMS project indicates that aggregate intermediate input use in Australia has increased broadly in line with gross output — 3 and 3.1 per cent per year, respectively — over the last few decades (figure 10.10, left hand panel). That data also indicates that labour inputs (measured as hours worked) increased at around 1.5 per cent per year.
 

Australian input-output data also suggest that the ratio of intermediate inputs to aggregate Australian production (that is gross output) has remained relatively stable, as measured in Australian Input-Output Tables (figure 10.10, right hand panel). Nevertheless, consistent with the EU KLEMS series, the estimates, if anything, suggest some intermediate input deepening may have occurred. 
Figure 10.
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Intermediate inputs used in productiona
	Input use and gross output,
1974‑75 to 2007‑08
Index (Reference year: 1999‑00=100)
	Intermediate input share of gross output,
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a Data published by the EU KLEMS project is sourced from the Australian Bureau of Statistics.

Sources: EU KLEMS (2009); ABS (Australian National Accounts: Input-Output Tables, Various, Cat. no. 5209.0).

While the aggregate intermediate intensity of production has remained relatively stable since the mid‑1970s, the intensity of individual input use has varied. For example, energy intensity (including residential energy consumption) declined at an average rate of 1 per cent per year over the period 1974‑75 to 2009‑10.
 However, the decline has not been uniform across sectors. The manufacturing, construction, transport, commercial services and residential sectors have had declining energy intensity on average, while the mining sector has increased its annual energy intensity by an average of 2.1 per cent.
10.

 SEQ Heading2 5
Towards a modelling reference case
As discussed, the previous Australian studies reviewed have focused on projected changes in national labour productivity and, where applicable, have adopted the simplifying assumption that projected changes in MFP are attributed to labour augmenting technological change, while changes in the mix of intermediate inputs are influenced by product-specific intermediate input augmenting technological change.

As in the previous modelling studies reviewed in this chapter, the reference case used in this study requires simplifying assumptions about how the relationship between productive inputs and outputs — that is, productivity — evolves over time. It requires assumptions about the nature of the underlying contributions of technological and organisational change to productivity growth.

Labour productivity
Because of the theoretical and practical possibility that technological and organisational change can affect the productivity of capital as well as labour, this study does not seek to attribute all projected MFP growth to labour augmenting technical change. Rather, industry-specific labour productivity (the exogenous variable) is projected forward on the basis of recent changes and longer-term historical trends, while capital deepening is modelled on the basis of the relative returns to capital across activities. For market sector activities, that part of projected labour productivity that is not accounted for by capital deepening is determined to be MFP arising from ‘primary factor augmenting’ technical change (the endogenous variable). For non-market activities, MFP growth is assumed to be zero in line with Australian national accounting practice. For example, the industry ownership of dwellings is conventionally not recorded as employing labour. Accordingly, labour productivity for this activity is recorded as zero and output grows in line with capital input use. 

Growth in aggregate labour productivity is determined by the projected growth of labour productivity at the industry level and the relative contribution of industries to national employment and output. 

The MMRF modelling reference case used in this study adopts a scenario for industry-level labour productivity based on historical trends in measured productivity (table 10.3). Given the availability of information, most projections are made at the ANZSIC industry division level and then applied to the corresponding MMRF industries. 
Table 10.
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Labour productivity growth projections to 2050 in the modelling reference case by MMRF industry
Per cent per year
	MMRF industry
	1974‑75 to
2009‑10
	2006 to 2010
	2011 to 2020
	2021 to 2030
	2031 to 2040
	2041 to 2050

	Livestock
	3.2
	1.0
	2.4
	3.2
	3.2
	3.2

	Crops
	3.2
	1.0
	2.4
	3.2
	3.2
	3.2

	Dairy
	3.2
	1.0
	2.4
	3.2
	3.2
	3.2

	Other agriculture
	3.2
	1.0
	2.4
	3.2
	3.2
	3.2

	Forestry
	3.2
	1.0
	2.4
	3.2
	3.2
	3.2

	Fishing
	3.2
	1.0
	2.4
	3.2
	3.2
	3.2

	Coal mining
	4.6
	-10.9
	-0.8
	4.6
	4.6
	4.6

	Oil mining
	-2.7
	-6.0
	-2.1
	0.0
	0.0
	0.0

	Gas mining
	-2.7
	0.0
	0.7
	1.0
	1.0
	1.0

	Iron ore mining
	5.7
	-14.0
	-1.2
	5.7
	5.7
	5.7

	Other metal ore mining
	1.0
	-2.6
	-0.3
	1.0
	1.0
	1.0

	Other mining
	1.0
	-2.6
	-0.3
	1.0
	1.0
	1.0

	Meat products
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Dairy products
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Other food, beverages & tobacco
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Textiles, clothing & footwear
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Wood products
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Paper products
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Printing
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Petrol
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Other petroleum & coal products
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Chemical products
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Rubber & plastic products
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Other non-metal mineral products
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Cement & lime
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Iron & steel
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Alumina
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Aluminium
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Other non-ferrous metals
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Metal products
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Motor vehicles & parts
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1


(Continued next page)

Table 10.3
(continued)
	MMRF industry
	1974‑75 to
2009‑10
	2006 to 2010
	2011 to 2020
	2021 to 2030
	2031 to 2040
	2041 to 2050

	Other equipment
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Other manufacturing
	2.1
	1.3
	1.8
	2.1
	2.1
	2.1

	Electricity generation: coal
	2.0
	-5.7
	-0.7
	2.0
	2.0
	2.0

	Electricity generation: gas
	2.0
	-5.7
	-0.7
	2.0
	2.0
	2.0

	Electricity generation: oil
	2.0
	-5.7
	-0.7
	2.0
	2.0
	2.0

	Electricity generation: hydro
	2.0
	-5.7
	-0.7
	2.0
	2.0
	2.0

	Electricity generation: other
	2.0
	-5.7
	-0.7
	2.0
	2.0
	2.0

	Electricity supply
	2.0
	-5.7
	-0.7
	2.0
	2.0
	2.0

	Gas supply
	2.0
	-5.7
	-0.7
	2.0
	2.0
	2.0

	Water & sewerage services
	2.0
	-5.7
	-0.7
	2.0
	2.0
	2.0

	Residential construction
	1.3
	1.1
	1.2
	1.3
	1.3
	1.3

	Non-residential construction
	1.3
	1.1
	1.2
	1.3
	1.3
	1.3

	Wholesale trade
	1.9
	0.4
	1.4
	1.9
	1.9
	1.9

	Retail trade
	1.8
	2.9
	2.2
	1.8
	1.8
	1.8

	Mechanical repairs
	1.8
	2.9
	2.2
	1.8
	1.8
	1.8

	Hotels, cafes & accommodation
	0.1
	-0.6
	-0.1
	0.1
	0.1
	0.1

	Road freight transport
	2.1
	0.7
	1.6
	2.1
	2.1
	2.1

	Road passenger transport
	2.1
	0.7
	1.6
	2.1
	2.1
	2.1

	Rail freight transport
	2.1
	0.7
	1.6
	2.1
	2.1
	2.1

	Rail passenger transport
	2.1
	0.7
	1.6
	2.1
	2.1
	2.1

	Pipeline transport
	2.1
	0.7
	1.6
	2.1
	2.1
	2.1

	Water transport
	2.1
	0.7
	1.6
	2.1
	2.1
	2.1

	Air transport
	2.1
	0.7
	1.6
	2.1
	2.1
	2.1

	Services to transport
	2.1
	0.7
	1.6
	2.1
	2.1
	2.1

	Communication services
	6.2
	5.9
	6.1
	6.2
	6.2
	6.2

	Financial services
	2.6
	3.4
	2.9
	2.6
	2.6
	2.6

	Ownership of dwellingsa
	3.8
	3.0
	3.5
	3.8
	3.8
	3.8

	Business servicesb
	0.7
	-0.9
	0.1
	0.7
	0.7
	0.7

	Government administration & defence
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3

	Education
	0.0
	-1.0
	-0.4
	0.0
	0.0
	0.0

	Health
	0.7
	0.5
	0.6
	0.7
	0.7
	0.7

	Community services
	0.7
	0.5
	0.6
	0.7
	0.7
	0.7

	Other servicesc
	0.3
	-0.2
	0.1
	0.3
	0.3
	0.3


a As the ownership of dwellings industry does not employ any labour, the growth rates presented represent the average growth rates for industry output (real gross value added). b Business services is the weighted-average of: rental, hiring & real estate services; professional, scientific & technical services; and administrative & support services. c Other services is the weighted-average of: arts & recreation services; and other services. 
Source: Commission estimates.
Labour productivity growth over the period 2005‑06 to 2009‑10 is modelled in line with measured average annual changes for that period. In keeping with the assumed unwinding of the terms of trade (chapter 11), projected labour productivity growth is then assumed to converge over the next eight years — that is, from 2009‑10 to 2017‑18 — to the historical average measured for the period 1974‑75 to 2009‑10. Industry-specific labour productivity is then assumed to remain constant at this historical average to 2049‑50.
An exception is made for the mining industries. Historical labour productivity and MFP trends exist for eight mining sub-sectors — coal, oil and gas, iron ore, other metal ores (including bauxite), copper ore, gold ore, mineral sands and silver-lead-zinc ore (Topp et al. 2008, p. 26). The available data indicate considerable variation in labour productivity and MFP across sectors and through time. Two of these mining sectors — coal and iron ore — align closely with the mining industries in MMRF. Consequently, the modelling reference case for coal and iron ore mining transition to these long-term sectoral trends. However, given the difficulty in mapping the productivity data for the remaining mining sectors, it is assumed that the other MMRF mining industries, other than oil mining grow, at the historical average for the mining sector (1 per cent per year). As oil extraction in Australia is a mature industry, it is assumed that the long-term trend for oil extraction is zero.
Given that it does not employ any labour, it is assumed that the long-run growth rate in labour productivity for the ownership of dwellings industry is the 3.8 per cent per year historical growth in output.

Sensitivity testing

As illustrated in chapter 7, the assumptions made about productivity growth play an important role in determining the overall level of economic activity in a modelling reference case. Such assumptions also potentially play an important role in determining the composition of economic activity across industries and, indirectly, across states.

The sensitivity of the reference case detailed in chapter 15, and the timeframe over which the impacts of COAG reforms are expected to accrue, has been tested by varying some of the key assumptions.
· The first sensitivity test unwinds industry labour productivity and the terms of trade to long-run trends over 15 years to 2024‑25 (compared to the eight years in the modelling reference case); unwinds productivity in all mining industries other than oil to the long-run trend for the mining sector as a whole (rather than the mining industry-specific long-run trend); and sets the labour productivity improvement for the ownership of dwellings industry to zero (compared to the 3.8 per cent in the modelling reference case).
· Given that aggregate labour productivity in the modelling reference case is projected to be less than the long-run trend (1.3 compared to 1.7 per cent per year), the second sensitivity test involves increasing labour productivity in each industry by an additional 30 per cent per year ((1.7/1.3×100(100).

Intermediate input use

The use of intermediate inputs across the economy can change because of:
· changes in the industry structure of the economy; and

· technological changes that affect the use of intermediate inputs in production.

It would be desirable to incorporate technological changes in the use of intermediate inputs in production. However, the absence of detailed, internally consistent and reliable industry data on the use of intermediate inputs throughout the economy prevent the modelling of intermediate input technical change using historical trends in the same way as that used for labour productivity.

In the absence of such data, intermediate input usage in the reference case is determined by changes in the industry structure of the economy that result from the other reference case assumptions (including the productivity of primary factor input uses in individual sectors). The fixed proportions (Leontief) assumption in the model implies that intermediate input use in each industry will move in line with changes in industry gross output. This stylised approach is broadly in line with the available aggregate data, which indicates that intermediate input use moves broadly in line with gross output.
Figure � COMMENTS  \* MERGEFORMAT �10.�� SEQ Figure \* ARABIC �4�	Productivity growth in the market sector, 1999�00 to 2009�10a
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a Exclusions: mining and electricity, gas, water and waste services sectors.


Source: Commission estimates based on ABS (Experimental Estimates of Industry Multifactor Productivity, 2010�11, Cat. no. 5260.0.55.002).





Figure � COMMENTS  \* MERGEFORMAT �10.�� SEQ Figure \* ARABIC �5�	Productivity growth in mining, 1974-75 to 2009-10a


Index (Reference year: 1999�00=100)


��
�
a Excluding exploration and other mining services.


Source: Commission estimates based on ABS (Experimental Estimates of Industry Multifactor Productivity, 2010�11, Cat. no. 5260.0.55.002.





Figure � COMMENTS  \* MERGEFORMAT �10.�� SEQ Figure \* ARABIC �7�	Productivity growth in electricity, gas, water and waste services, 1985-86 to 2009-10


Index (Reference year: 1999�00=100)
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Source: ABS (Experimental Estimates of Industry Multifactor Productivity, 2010�11, Cat. no. 5260.0.55.002).�
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� 	Real gross value added output increased on average by 3.3 per cent per year.


� 	Moreover, in all but iron ore mining, the ratio of capital to labour has fallen as mines hire more workers relative to investment in new capital.


� 	These uncertainties arise from not knowing precisely what productivity assumptions were employed in each year and what values were imposed. The reference cases for Australia’s Low Pollution Future and Strong Growth, Low Pollution extend to 2050, while that used for the Garnaut Climate Change Review extends to 2100.


� 	If aggregate and sector-specific productivity shocks are applied in the same year, the modelling presumably also includes a residual balancing item to ensure that the sector-specific productivity shocks align with aggregate labour productivity for the economy as a whole.


�	To implement this, Treasury scaled MFP to a labour-augmented measure by weighting the calculated MFP by (the inverse of) the industry specific average labour income share.


�	A study of Australian firm level data showed that the rapid take up of computers by firms had a positive effect on MFP growth in the mid-1990s (Gretton et al. 2002, 2003). A parallel study of Canadian firms found that those firms using advanced ICT had better productivity performance than other firms between 1988 and 1997 (Baldwin and Sabourin 2002).


�	The EU KLEMS work undertaken by the Groningen Institute uses ABS National Accounts and the Supply-Use Tables data. Its aggregate series for inputs and outputs, as published in this chapter, is largely in line with methods adopted to construct the other series reported earlier in the chapter. The fiscal year data from the ABS is converted to calendar years, such that 1970�71 equals 1970. Gross value added at the national level before 1989 is not available at basic prices and is calculated from gross value added at market prices minus net tax on products (by applying a constant rate of net taxes on production based on data from 1989 to 2005). The hours worked series is in line with the ABS Labour Force Survey aggregate series and the Supply-Use Tables favorably compare with trends in GDP at constant prices. 


� 	Commission estimates based on ABARES (2011b) and ABS (Australian National Accounts: National Income, Expenditure and Product, December 2010, Cat. no. 5206.0).


� 	The ownership of dwellings industry contributes to output of the Australian economy and, hence, to aggregate labour productivity (real GDP per hour worked).
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