	
	


	
	



3
Infrastructure measurement and trends
To examine the relationship between infrastructure services and conventionally measured multifactor productivity (MFP), it is necessary to derive infrastructure measures consistent with MFP for the market sector and individual industries. In doing this the extent to which the mechanisms identified in chapter 2 can be separately examined needs to be considered against the practical considerations of data availability.  
The purpose of this chapter is therefore to:

· outline the sectoral coverage and scope of the analysis (section 3.1) so that it is clear how infrastructure is being defined and what effects are being investigated
· detail the ABS treatment of infrastructure in the Australian System of National Accounts (ASNA) to clarify the extent to which the infrastructure components already accounted for market sector MFP estimates by the ABS, and equivalent industry estimates by the Commission (section 3.2)
· outline the methodology used to construct new specific infrastructure services measures (section 3.3)
· provide some background on the trends in infrastructure and productivity variables used in the modelling for this paper (section 3.4).
3.1
Sectoral coverage and scope of the analysis 

There are two main differences in focus between most other empirical studies of the effect of infrastructure (as discussed in chapter 2) and the modelling exercise in this paper — the sector of the economy being examined, and the scope of the infrastructure that is of interest.

Both these factors affect model specification and the interpretation of coefficients because of the way the ABS incorporates infrastructure into standard MFP estimates. 

Sectoral coverage corresponds to the ABS’s market sector 

For this modelling exercise, the objective is to explain the determinants of measured market sector MFP (as well as MFP of individual industries).
 The industries that make up the market sector are listed in table 3.1.

This focus on the market sector is different to most of the empirical studies discussed in chapter 2, which focused on ‘private sector’ productivity. Otto and Voss (1994a) constructed variables for what was as close as possible to an Australian private sector to examine the effect of public capital on private productivity.
 

Table 3.1
Industries included in the market sectora 

	Industry
	Abbreviation used in this paper

	Agriculture, forestry & fishing
	AG

	Mining
	MIN

	Manufacturing
	MAN

	Electricity, gas & water 
	EGW

	Construction
	CON

	Wholesale trade
	WT

	Retail trade
	RT

	Accommodation, cafes & restaurants
	ACR

	Transport & storage
	TS

	Communication services
	COM

	Finance & insurance
	FIN

	Cultural & recreational services
	CRS


a The industries excluded are Property & business services, Government administration & defence, Education, Health & community services, and Personal & other services. 

Scope of infrastructure

Economic infrastructure (regardless of ownership) has potentially significant spillovers not already accounted for in the measurement of market sector MFP — and it is therefore this infrastructure that is the focus of this paper and the modelling exercise. In particular, it is public economic infrastructure owned by the general government sector (especially road infrastructure) and communications infrastructure
 that have been chosen for examination.
 

Infrastructure variables can be defined with varying scope and can be measured in different ways. However, Sturm et al. (1996, pp. 21–2) notes that few authors deal carefully with the concept of infrastructure (narrow versus broad) and the way it is constructed, and few authors experiment with different definitions (and that those who do find divergent outcomes).

The concept of economic infrastructure is commonly used to refer to a subset of infrastructure considered to be the element that is likely to contribute most to current growth and productivity. This subset of infrastructure commonly includes transport infrastructure, electricity, gas and water facilities, and communications infrastructure. This is not to suggest that social infrastructure has no effect. For example, education and health infrastructure may have long-term effects on the human capital of the labour force (see, for example, PC 2006a). 

Empirical studies of Australia (particularly in the early 1990s) have tended to focus on public infrastructure owned by general government (see, for example, Otto and Voss 1994a and Paul 2003). However, with increasing corporatisation and privatisation, the ownership of economic infrastructure (and, therefore, its allocation in statistical collections) has changed over time. In some cases this has also changed whether it is provided without charge or on a user pays basis. Economic infrastructure is spread across general government (for example, roads), public corporations (for example, some electricity infrastructure) and private corporations (for example, some communications infrastructure). 

Asset types in scope 

An additional aspect to the scope of infrastructure is the capital asset types considered to be infrastructure. A related issue is whether certain asset types are of particular interest, in their own right, and need to be separated from both public and private capital. 

For this modelling exercise the asset coverage is varied from other studies in two ways (see table 3.2).

· For both public economic infrastructure and communications infrastructure, computer hardware and software are excluded to allow separate identification of IT capital. Alternative scopes of infrastructure, including IT capital, were also tested. In addition, public road infrastructure, which is part of public economic infrastructure, is considered separately in some models.

· The subset of assets allocated to communications infrastructure is narrowed further by excluding road vehicles and other transport equipment. The remaining assets are more directly related to the provision of communication services with potential spillovers.

Table 3.2
Scope of infrastructure

	
	Description

	Public economic infrastructure
	General government capital allocated by the ABS to market sector industries (selected asset types: non-dwelling construction plus all machinery and equipment less computer hardware) 

	Public road infrastructure
	General government road capital (subset of asset type non-dwelling construction)

	Communications infrastructure 
	Communication services industry capital (selected asset types: non-dwelling construction plus all machinery and equipment less computer hardware less road vehicles less other transport equipment)


There is no consensus about which asset types constitute infrastructure. While traditionally infrastructure consisted primarily of construction (or structures), the nature of modern economies and technological change has led to an expanded definition that also includes machinery and equipment contained within or attached to the construction (Swimmer 2001). 

The ABS does not have an ‘infrastructure category’ of capital but does have a number of asset types, among which are ‘Other buildings and structures’
 (non-dwelling construction) and ‘Machinery and equipment’
.
 Australian studies, such as Otto and Voss (1994a) and Paul (2003), include machinery and equipment with non-dwelling construction in their measures of public infrastructure. Similarly, Aschauer (1989a) and many of the subsequent studies of the US and other countries include machinery and equipment, although Aschauer (1989a, p. 191) separately examined the stock of structures and the stock of equipment and found that the stock of structures was more significant.

3.2
ABS treatment of infrastructure in MFP estimates

Given this scope, there are two main questions.

· Where does economic infrastructure appear in the ABS capital estimates?

· How does the level of aggregation affect the extent to which it is then included in the estimation of market sector MFP by the ABS and industry MFP by the Commission? 

Where infrastructure appears in the capital estimates

The ABS industry capital estimates (and therefore the aggregate capital for the market sector) already include the economic infrastructure discussed in section 3.1. Communications infrastructure forms part of the capital stock of the Communications services industry — this includes that infrastructure owned by private and public corporations (see appendix B). Other public infrastructure (economic and social) is allocated across a number of ABS ANZSIC industries, with public economic infrastructure being allocated to industries in the market sector. 

Publicly-owned capital is first allocated to the two subsectors of the public sector — general government and public corporations.
 These subsectors are treated differently by the ABS in the compilation of industry capital estimates. 

The ABS basically treats public corporations in the same way as private corporations — they are allocated to ANZSIC industry on the basis of their primary activity
 and this is where their capital will appear. This means that the infrastructure capital of public corporations is already included in the ‘usual’ capital estimates for ANZSIC industries. And the capital stock of public corporations is no longer separately identified from private capital.
 

The capital of general government, however, is collected by purpose category and then mapped across to ANZSIC industry division on an approximate basis (see appendix B for details of this industry mapping and measurement issues arising from the approximations used). While some proportion of the capital of general government is allocated to the non-market sector industry of Government administration & defence (22 per cent of general government net capital stock in 2002-03), the remainder is distributed across several other non-market sector industries and a few market sector industries. 

In broad terms, the principle behind the industry mapping of general government capital is that it is all allocated to the main industry that is directly using the capital. For example, public road infrastructure is included in the capital of the market sector industry of Transport and storage (not distributed across all industries using roads), and educational buildings are allocated to the non-market sector industry of Education. Details of the allocation of specific types of public economic infrastructure to ANZSIC divisions in the market sector are provided in table B.2 of appendix B.

Level of industry aggregation

In its estimation of market sector MFP, the ABS uses the aggregate of the industry capital estimates for the 12 ANZSIC industry divisions that make up the market sector (see table 3.1). The Commission estimates MFP for the 12 ANZSIC industry divisions, using the same ABS industry capital estimates. 

The level of aggregation will obviously affect the extent to which public economic infrastructure and communications infrastructure are included in the capital estimates used in the calculation of MFP.

Public infrastructure

This aggregation issue was noted by Otto and Voss in their study of the relationship between public infrastructure and private sector productivity in Australia.

… standard measures of total factor productivity generally involve aggregate measures of inputs and production. As long as this aggregation is suitable, then these standard measures of total factor productivity do account for the contribution of public capital as well as all other resources used in the public sector. (Otto and Voss 1994a, p. 124)

For the market sector, the ‘usual’ ABS capital measure includes public economic infrastructure (part of which is public road infrastructure). The ‘free’ input effect of this public infrastructure is therefore already accounted for in the estimation of MFP. However, there may be production spillovers, beyond those from the direct use of a ‘free’ input, such as improvements in the organisation of production facilitated by better public infrastructure, that are not captured. 

At the industry level it is more complicated. For an industry, the ‘usual’ capital of that industry can include some public infrastructure (this varies across industries). The ‘usual’ capital therefore already accounts for the ‘free’ input effect of that part of public infrastructure, but not any production spillovers from it. None of the effects of public infrastructure allocated to the capital of other industries are captured. One example is roads, which are allocated by the ABS to Transport and storage but are also used by other industries. 

Communications infrastructure

In the same way as for public infrastructure, communications infrastructure is already counted in the usual capital stock of market sector. For an individual industry other than Communication services, it is not part of the ‘usual’ capital stock but there is no ‘free’ input effect. Communication services are an intermediate input that are paid for and are included in the calculation of industry MFP. But this does not account for any production spillover benefits, such as network externalities, beyond those benefits for which the industry pays direct fees. 

3.3
Construction of the infrastructure variables  

Stock or flow?

Having determined the scope of infrastructure to be included, an appropriate measure must be chosen to reflect the services provided by infrastructure. 

Although data limitations often result in the use of a stock measure, it is generally recognised that the flow of capital services from the infrastructure is the relevant measure for examining the effect of infrastructure on output (see, for example, Aschauer 1989a, Nadiri and Mamuneas 1994, Conrad and Seitz 1994, Otto and Voss 1995a, Fraumeni 1999, Paul 2003). 

Three factors should be considered in selecting a measure of the flow of services for examining the effect of infrastructure on output — capital capacity, capital usage and efficiency of usage. 

· The productive capacity of the capital generally declines in efficiency due to ‘wear and tear’ associated with age. The way in which capital measures take account of such changes is therefore important. Gross capital stock takes no account of the age of the assets and net capital stock accounts for depreciation. However, productive capital stock writes down each asset in accordance with its decline in efficiency due to age and is the basis of capital service indexes recently incorporated into ABS measures of productivity.

· Usage of capital can vary (and therefore so can the magnitude of potential spillovers). Paul (2003, p. 448) notes that there are significant swings in the intensity with which public infrastructure is used (for example, variation in rates of road utilisation). He also notes that while a firm may have no influence on the size of the stock of public infrastructure provided by the government, it can vary its usage (for example, by choice of routes). Public capital may be subject to congestion so the amount used by an industry may be less than the total amount supplied (Nadiri and Mamuneas 1994, p. 24).

· Efficiency of use of infrastructure is also variable. Otto and Voss (1995a, p. 187) note that a stock measure does not capture changes in the efficiency of use of existing infrastructure (due, for example, to the use of more appropriate pricing for infrastructure services). They note that as a consequence it would be possible to observe a decline in the public investment to output ratio without any implications for future growth. This factor does not appear to have been incorporated into many of the empirical studies of public infrastructure.

Empirical studies have used a range of measures (see box 3.1 and appendix A for details of capital variables used in selected studies). 

However, as noted above, due to data limitations, most empirical studies at the aggregate level have used the net stock of infrastructure capital (in constant prices) and assume that the flow of capital services is proportional. At the industry/sector level, some studies have made an adjustment to the stock measure for the degree of usage. Paul (2003) suggests that, while the amount of services a firm receives from public infrastructure is not observable, the degree of usage is dependent on the level of a firm’s activities. He used the industry’s or sector’s share of total national output as a proxy and applied this to the stock of public infrastructure. Other studies have used intermediate usage data from input-output (IO) tables to construct more specific usage measures (for example, Cronin et al. 1993). It could be argued that network spillovers, for example, may be more closely related to an industry’s use of communications services as an input rather than simply its output.
For this paper, it has been possible to cover, to some extent, the first two of the three factors outlined. The flow of capital services has been estimated using capital services indexes, with the inclusion of an adjustment for industry/sector usage of infrastructure. The details of these estimations are discussed below. The third factor, efficiency of usage of the infrastructure, has not been measured.
Do not delete this return as it gives space between the box and what precedes it.
	Box 3.1
Infrastructure measures in selected studies


	While a stock variable is the most commonly used measure of infrastructure in empirical studies, there are different ways in which the stock can be quantified. Value measures are the most common, but in some cases physical stock measures have been used. A few examples are provided here.
Value of stock measures

Public infrastructure studies

· A measure of general government capital stock is generally used. 

· Aschauer (1989a) used net public capital stock. He examined core (public economic) infrastructure and other (social) infrastructure. He separately examined the stock of structures and the stock of equipment and found that the stock of structures was more significant.

· Otto and Voss (1994a) and Paul (2003) in studies of Australia used gross stock of general government capital (non-dwelling construction and equipment) for the aggregate level and the same for the industry level. As a variation, Otto and Voss (1994a) added in the gross capital stock of public trading enterprises (a measure which is no longer available).

· The Industry Commission’s R&D Inquiry (IC 1995) used the general government stock of net public capital (non-dwelling construction and equipment) as the public infrastructure variable in estimating industry productivity. For aggregate estimation, infrastructure was not separated from total capital stock.

· In some cases, a utilisation adjustment is made. 

· Conrad and Seitz (1994) and Nadiri and Mamuneas (1991) multiplied the stock of public infrastructure capital by the industry specific capacity utilisation rate to yield a proxy for the flow of public services provided by the stock of capital. Paul (2003) made an adjustment using industry share of national output, noting that capacity utilisation data were not available for Australia. 

· Fernald (1999) used the stock of vehicles to capture the utilisation of the stock of roads.

‘Private’ infrastructure studies

· Nadiri and Nandi (2001) used the net capital stock (structures and equipment) of the communications industry in their examination of the effect of communications infrastructure on output and productivity in other industries. The stock was adjusted by industry capacity utilisation rates.

· Cronin et al. (1993) in calculating resource savings from changes in communications technology used input-output data on usage of communications services.

	(continued on next page)
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	Box 3.1
(continued)

	Physical stock measures

Other studies (not necessarily focused on explaining productivity) have used a range of physical stock measures.

· Madden and Savage (1998) used the number of phone lines as a proxy for information technology and telecommunications capital. Roller and Waverman (2001) used the penetration rate of telephone lines and Datta and Agarwal (2004) used access lines per 100 inhabitants. Greenstein and Spiller (1995) used miles of optic fibre cables.

· Canning (1999), in examining developing countries, used more specific infrastructure quantity measures — number of telephones, electricity generating capacity and kilometres of transportation routes.

Other measures

It has also been argued that infrastructure services are produced using more than capital. Luskin (1996) suggests that other inputs required to produce infrastructure services (labour, fuel, etc) are neglected in studies which use only public capital. He notes that when modelling private production, Otto and Voss (1994a) also included government consumption expenditure, to allow for non-capital infrastructure inputs, but found it to be insignificant.

	

	


Capital services methodology

Capital services indexes have been constructed for the scope of public infrastructure and communications infrastructure defined in table 3.2, to reflect the flow of capital services from these types of infrastructure. This has been done using unpublished ABS national accounts data and ABS methodology, but with the inclusion of an adjustment factor to reflect changes in the usage of infrastructure by the market sector and by individual industries (discussed below). 

The details of the estimation process are described in appendix C. In brief, the productive capital stock of each asset type in each institutional sector (government, corporate and unincorporated) within each industry is weighted and summed to form an index for aggregate capital services. The productive capital stock of an asset over time is the volume of capital, adjusted for efficiency losses related to age. The weights are based on rental prices, which can be thought of as estimates of the rates each asset type would attract if the assets were leased in a commercial arrangement. 

For the total capital services index for the market sector, the ABS includes all market sector industries, all asset types and all institutional sectors. For the construction of capital services indexes for public infrastructure and communications infrastructure for this paper, the relevant industries, asset types and institutional sectors have been varied. The productive capital stock and rental prices used to construct these indexes are unpublished ABS national accounts data.
For public economic infrastructure, only the general government institutional sector is included. The ABS allocates general government capital across a number of industries but only those in the market sector are included to arrive at public economic infrastructure for the market sector for this paper. The subset of assets included is non-dwelling construction and five of the six types of machinery and equipment (electrical and electronic equipment, industrial machinery and equipment, other plant and equipment, road vehicles and other transport equipment). Computer hardware is excluded. Public road infrastructure includes general government sector road capital (which is part of the non-dwelling construction asset type).

For communications infrastructure, the only relevant industry is Communication services and the corporate and unincorporated institutional sectors are included.
 The subset of assets included is non-dwelling construction and three of the six types of machinery and equipment (electrical and electronic equipment, industrial machinery and equipment, and other plant and equipment). Computer hardware, road vehicles and other transport equipment are excluded. 

In order to allow the separate examination of IT capital in the modelling, public infrastructure and communications infrastructure have been estimated without the inclusion of any relevant IT capital. The alternative of including the relevant IT in these infrastructure variables has also been examined in sensitivity testing of results.
Digitisation of the communications network

The capital services index for communication infrastructure may not fully reflect the additional functionality of the copper network that has arisen from digitisation. Capital expenditure on digitising exchanges would be included in the capital services index. However, the additional functionality provided represents an unmeasured shift in the service flow from the copper network. 

No adjustment has been made to the capital services index to account for this change. However, a separate variable that measures the extent of digitisation of the network over time has been used to attempt to capture this unmeasured shift in services. The available measure is the share of standard analogue lines connected directly to digital exchanges (see appendix D). 
Alternatives methods for incorporating this variable into the modelling are discussed in appendix E. They include:

· the inclusion of the digitisation variable separately
· the interaction of the digitisation variable and the communications variable
· using a term that allows the estimated elasticity on communication infrastructure to shift at 1990 (the first observation for the ‘digital’ variable). 
In addition, the digitisation variable has also been used to examine complementarities between digitisation of the communications network and other forms of capital (IT capital and other private capital). Digitisation may have enhanced the impact of IT on productivity, for example, in its role in facilitating information flows within firms and across firms. However, in this case the available measure of digitisation is only a partial measure of the possible digitisation effects — complementarities would not be restricted to digitisation of the copper network but would include other elements of digitisation such as optic fibre. 
Usage adjustment factor

Usage of infrastructure can vary (and therefore so can the magnitude of potential spillovers). While the overall stock of public infrastructure is determined by government, a firm can vary its usage of that stock. 

For this paper, the main adjustment factor used for the market sector is the market sector’s share of total value added. Similarly, for each of the industries examined the adjustment factor is the industry’s share of total value added. This adjustment is a crude approximation of actual usage (other alternatives discussed in box 3.1 were not readily available for Australia).
 

For communications infrastructure, an alternative adjustment factor was also tested. This was based on the share of intermediate usage of communications services by the market sector or an individual industry, which may be more closely related to the source of the potential spillovers. 

The details of the construction of the adjustment factors, and examination of alternatives, are in appendix C.

The adjustment factors were applied to the productive capital stocks used in the calculation of the capital services indexes rather than included as separate variables. This was to preserve degrees of freedom in the regressions.

Definition of the infrastructure variables used in the models 

The definition of each infrastructure variable used in modelling is summarised in table 3.3. 

Table 3.3
Infrastructure variablesa,b
	Explanatory variable
	Description

	Public economic infrastructure 
(I3, I3ug2, I3ug2s)c
	Capital services index for selected general government capital assets (non-dwelling construction plus all machinery and equipment except computer hardware) allocated by the ABS to the market sector (I3). Usage adjusted by market sector/industryi share of value added (VA) (I3ug2) or smoothed share of value added (I3ug2s).

	Public road infrastructure 
(roads, roadug2, roadug2s)
	Capital services index for road assets of general government sector (roads). Usage adjusted by market sector/industryi share of value added (roadug2) or smoothed share of value added (roadug2s).

	Communications infrastructure 
(ci5, ci5ioug, 
ci5iougs, ci5vaug)d
	Capital services index for selected capital assets (non-dwelling construction plus all machinery and equipment except computer hardware, road vehicles and other transport equipment) of Communication services industry. Not usage adjusted (ci5) or adjusted by either of market sector (including Communication services industry) or industryi share of value added (ci5vaug) or market sector (excluding Communication services industry)/industryi share of intermediate usage of communications services (ci5ioug) or smoothed intermediate usage share (ci5iougs).

	Digitisation 
(digi)
	Share of standard analogue lines connected directly to digital exchanges (switches).


a All data are authors’ estimates based on published and unpublished ABS national accounts data, except for digitisation from OECD Telecommunications database 2003. b Capital services indexes for non-infrastructure capital components, for example IT capital, are defined in appendix E for the market sector and appendix F for industries. c Some sensitivity testing was undertaken extending the selected assets to include general government computer hardware and software (I8 and I8ug2). d Some sensitivity testing was undertaken extending the selected assets to include computer hardware and software of the Communication services industry (ci8, ci8ioug and ci8vaug).
3.4
Patterns in the infrastructure and productivity variables

The patterns in the main variables discussed above are examined below.
Trends in infrastructure services

The trends in capital services indexes for the main infrastructure variables for the market sector are shown in figure 3.1. The equivalent usage-adjusted capital services indexes for the individual industries are shown in figure 3.2 (the unadjusted indexes are the same as for the market sector).

Growth in public economic infrastructure and road infrastructure has declined since the mid-1970s. Communications infrastructure has trended upwards over the period at a higher rate than public infrastructure. The usage-adjusted measures are all more volatile than the unadjusted measures, reflecting greater fluctuations in the usage adjustment factors than in infrastructure growth.
Figure 3.1
Trends in capital services from key infrastructure assetsa, market sector, 1974‑75 to 2002-03 

Index 2001-02 = 100
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Financial years beginning 1 July of year specified. a Specific variable definitions provided in table 3.3. Public infrastructure variables are ‘I3’ and ‘I3ug2’; road infrastructure variables are ‘roads’ and ‘roadug2’; and communication infrastructure variables are ‘ci5ioug’, ci5vaug’ and ‘ci5’.
Data source: Authors’ estimates based on unpublished ABS data. 

Selected usage-adjusted infrastructure measures by industry are presented in figure 3.2 (other measures are presented in appendix F). The differences across industries reflect differences in the usage adjustment factors across industries. Agriculture, Construction, Wholesale trade and Retail trade show more volatility in these usage adjustments than the other industries. Of the usage adjustment factors applied to communications infrastructure those based on input-output intermediate usage are generally more volatile than the valued-added adjustment factors. 
Figure 3.2
Key infrastructure capital services, by industry, 1974-75 to 2002-03
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	Mining
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	Manufacturing
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	Electricity, gas & water
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(continued on next page)

Figure 3.2
(continued)

	Construction
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	Wholesale trade
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	Retail trade
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	Transport & storage
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Figure 3.2
(continued)

	Communication services
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	Finance & insurance
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Financial years beginning 1 July of year specified. 

Data source: Authors’ estimates based on unpublished ABS data.

Trends in MFP and labour productivity  

Most models in this paper seek to explain the observed pattern of growth in MFP from the mid-1970s to 2002-03. Some market sector models seek to explain labour productivity growth. Of particular interest is the role of economic infrastructure in determining productivity trends. 

MFP, labour productivity, total capital services and hours worked have all increased since the mid-1960s (figure 3.3, upper panel). Annual growth rates in labour productivity and MFP follow the same pattern, especially prior to the mid-1990s (lower left panel). The average growth rate in market sector capital services is substantially higher than the average growth rate in hours worked (lower right panel).

Figure 3.3
Trends in productivity and conventional input services indexes, 1964-65 to 2005-06
Index 2004-05 = 100; Growth per cent per year
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Data source: ABS (Australian System of National Accounts, 2005-06, Cat. no. 5204.0).
As is well known, Australia experienced a productivity resurgence in the 1990s. Productivity growth was historically slow in the 1980s, but surged to record highs in the 1990s (figure 3.4). It was especially high, and consistently so, between 1993‑94 and 1998-99. 

Figure 3.4
Labour productivity growtha in Australia’s market sector, 1964‑65 to 2003-04
Per cent per year
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a Components may not add to total due to rounding. 1998-99 to 2003-04 is the last complete productivity cycle. b Capital deepening is the growth in the capital to labour ratio multiplied by the average capital income share for the period.

Data sources: ABS (Australian System of National Accounts, 2005-06, Cat. no. 5204.0); Commission estimates.
Since the late 1990s, productivity growth has slipped towards the long-term average. The slowdown appears to be a combination of a drop in underlying productivity growth from previous record highs, and a number of short-term one-off factors that have held average productivity growth below the ‘true’ underlying rate (Parham 2005). In the last couple of years Mining has dragged down average productivity (PC 2007a).
At the industry level
, average productivity growth over the period 1974-75 to 2005‑06 was strongest in Communication services (figure 3.5, left panel). The other industries in the upper left panel of figure 3.5 (Transport & storage, Electricity, gas & water, Agriculture, Manufacturing) also had relatively strong growth on average over the entire period. The right panel shows industries that had weaker growth on average (Construction, Wholesale trade, Retail trade, Finance & insurance) or contracted on average (Mining). 

The 1990s productivity acceleration was greatest in Wholesale trade, followed by Communication services. Agriculture also showed a significant acceleration over this period but was more volatile over the entire period than most other industries. Mining showed relatively little overall productivity growth from the mid to late 1990s. 
Figure 3.5
MFP growth by industry, 1974‑75 to 2005-06a 
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a Commission estimates as at 18 December 2006, based on unpublished ABS data from 2005-06 national accounts.
Data source: Commission estimates. 

The correlations between productivity growth and growth in infrastructure services are examined in appendix I.

� MFP estimates are not available for the total economy, only for the market sector (which is the subset of industries for which outputs can be measured independently of inputs). See ABS Cat. no. 5204.0 for details.


� The private sector has been variously defined in the empirical literature. This is because data limitations do not generally allow differentiation between private and public sector for all required variables. The private sector as defined in these studies generally does not coincide with the market sector. For example, Otto and Voss (1994a) define the private sector as including those ABS ASIC industry sectors they consider to be predominantly private: Agriculture, Mining, Manufacturing, Wholesale and retail trade, and Recreation, personal and other services. 


� The term communications infrastructure, in this paper, is the communications network infrastructure of the Communication services industry. It does not include communications equipment owned and used by other industries.


� This is not to suggest that public economic infrastructure and communications infrastructure are the only sources of possible spillovers. For example, electricity, gas and water infrastructure is of interest, in principle, as a source of possible spillovers. (Much of Electricity, gas and water infrastructure is owned by the private sector or public corporations and not covered by the general government sector.) There may be some spatial effects, from the extension of distribution networks, that affect business location. The interconnection of electricity and gas between states may have increased quality/reliability of supply, affecting business productivity. However, these spillovers are not expected to be as significant as those from communications infrastructure and are not discussed further here. 


� Does not include private road infrastructure — for example, roads owned by mining companies are part of the Mining industry capital stock; and private toll roads would be part of the Transport and storage industry capital stock. 


� The ANZSIC industry Communications services includes postal and courier services, which are likely to account for a large share of the road vehicles and other transport equipment assets of the industry. However, it is the telecommunications part of this industry that is the most likely source of spillovers.


� Other buildings and structures includes ‘… industrial, commercial, and non-dwelling residential buildings; water and sewerage installations; lifts, heating, ventilating and similar equipment forming an integral part of buildings and structures; land development; roads; bridges; wharves; harbours; railway lines; pipelines; and power and telephone lines. This category also includes expenditures that lead to major improvements in the quantity, quality or productivity of land, or prevent its deterioration’ (ABS 2000, section 15.16)


� Subcategories of Machinery & equipment: Computer hardware; Electrical & electronic equipment; Industrial machinery & equipment; Road vehicles; Other transport equipment; and Other plant & equipment.


� The other asset types are dwellings, software, artistic originals (for Cultural and recreational services), mineral exploration (for Mining), livestock (for Agriculture), land and inventories. 


� Over time, corporatisations have led to some public infrastructure moving from general government to public corporations.


� Some businesses will be made up of a number of establishments which have different primary activities and may be allocated to different industries.


� The reason for this is the extent of privatisations and statistical difficulties in dealing with them (see appendix B for details). It should be noted that the distinction between private and public corporations is still maintained in ABS series for investment (rather than capital stock). These series are affected by the change of classification of Telstra, from a public sector corporation to a private sector corporation, from March quarter 2007. This is beyond the period examined in this paper but would need to be accounted for in future empirical work.


� Fraumeni (1999, pp. 33–4) lists the use of wealth capital stocks instead of productive capital stock in public capital studies as a major shortcoming. Sturm et al. (1996, p. 22) also note that most empirical research implicitly assumes that services can be proxied by stock or level of investment and this may not be true. 


� Hulten (1996) confirms this. He notes that the effectiveness with which infrastructure is used involves many dimensions and is not easily modelled. However, he does include an infrastructure effectiveness variable in a growth model of low and middle income countries. The effectiveness measure used is an aggregate index based on electricity system loss (electricity generation losses as a per cent of total system output), road conditions (percentage of paved roads in good condition), telephone faults (mainline faults per 100 telephone calls) and locomotive availability (as a percentage of total). It is applied to the infrastructure stock variable in the production function. He finds a ‘growth penalty’ for inefficient infrastructure use. 


	For high income countries, it would be expected that these broad measures would show much less variation over time and be less useful.


� There is no general government allocation to Communications services so there is no overlap with public infrastructure.


� The amount of services an industry/sector receives from public infrastructure is not directly observable. The usage adjustment factor is a crude proxy based on the assumption that each industry/sector utilises the available public infrastructure services in proportion to its contribution to total output in the economy. It does not account for changes in the overall intensity of utilisation of a given level of infrastructure (for example, an increase in the use of underutilised infrastructure). An alternative measure used in some studies, industry capacity utilisation rates, is not readily available for Australia.


� It should be noted that productivity estimates are less accurate at the industry level than at the aggregate level. In particular, the allocation of aggregate inputs and outputs across industries is subject to more uncertainty than at the market sector level (see Cobbold 2003).
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