	
	


	
	



1
Introduction and summary
Infrastructure is provided in many forms, including transport and communications networks, energy generation and distribution networks, and education and health systems. Infrastructure can raise productivity in the economy if the infrastructure industries provide their services more efficiently and if the provision of infrastructure services enables using firms and industries to improve their productivity. This paper is about the extent to which provision of selected forms of infrastructure lifts productivity performance in the Australian economy.
1.1
Background

Interest in the role of infrastructure in enabling growth in output and productivity is long-standing. For example, achievement of threshold levels of infrastructure is often seen in the development economics literature as a precursor to industrial development and economic growth in low-income countries.
Ownership of infrastructure assets is often in public hands. This can reflect historical constraints on finance, when it was easier for governments to organise the funding for large-scale infrastructure projects. But governments also get directly involved as a way of dealing with the natural monopoly characteristics of infrastructure provision — large sunk costs in installing assets, but low marginal costs in provision of services. Putting aside decision errors that governments might make, public ownership is viewed as one way of attempting to ensure appropriate investment in assets (avoiding underinvestment or wasteful duplication) and appropriate pricing (reflective of costs and not market power).
Issues in the empirical investigation of links to productivity
Aschauer (1989a) invigorated interest in the relationship between public infrastructure and productivity — in high-income, developed economies — through his empirical work. He posited, based on the finding of a strong positive link between public infrastructure and private-sector productivity, that a rundown in public spending on infrastructure contributed to the slowdown in US productivity growth from the mid-1970s. Aschauer’s work stimulated a stream of further work in a number of countries, including Australia. (The literature is reviewed in the next chapter and in appendix A). 
The Aschauer-type work has raised a number of empirical issues and has attracted some contention. In particular, it is common to find effects on productivity that imply very high — implausibly high — returns on infrastructure assets. The returns are higher than what might be implied by project evaluations and suggest the question, ‘If the returns are so high, why do they not induce further investments in infrastructure, which would drive returns down?’
There are other issues, which may or may not contribute to the finding of high returns. One is the scope of the public infrastructure assets included in the empirical analysis. In many of these studies, infrastructure is defined (usually by default because of data limitations) to cover a wide range of public assets including schools and hospitals. However, some public assets, such as roads, can be expected to have more effect on current productivity performance than others, such as schools. 
A further issue relates to public ownership. The scope of infrastructure hinges on innate characteristics of the assets and not on public ownership. A number of infrastructure businesses and attendant assets have been privatised and their operations have been subjected to government regulation. It is possible that privately-provided infrastructure services could still lift productivity performance in other industries through spillover benefits. (There has been empirical investigation of the effects of certain types of infrastructure assets, irrespective of ownership, and productivity — see next chapter.)
Several further issues can be illustrated with reference to the Australian experience. Casual observation does not provide support for a link between infrastructure and productivity in Australia over the past few decades. Dowrick (2001) observed that Australian public investment declined rather than increased between the mid-1980s and late 1990s, making it unlikely that an increase in public infrastructure could explain Australia’s productivity surge in the mid- to late-1990s (see figure 1.1). Similarly, there has been very substantial growth in public investment in the early to mid-2000s, when productivity growth has fallen.

However, this evidence of a lack of positive correlation between infrastructure and productivity may not be as stark as it first seems. First, there are lags between expenditure and effect. Obviously, it is the stock of infrastructure assets, rather than the flow of investment, that matters. Even so, the translation of investment into the stock of (operational) assets may not be entirely smooth. Infrastructure assets are by nature large and may take a number of years of formation before they become fully operational. There may also be lags between the time that infrastructure becomes operational and when users are able to make use of the investments in productivity-enhancing ways. 
Second, improvements in the efficiency of providing services could drive a distinction between spending on asset formation and the delivery of infrastructure services. Many of the government agencies that had a long history of providing infrastructure services in Australia were subjected to increased commercialisation and even privatisation through the 1980s and 1990s. Community service obligations were increasingly funded separately and explicitly by governments. Whilst growth in overall investment was more constrained, the allocation of investment was improved. It could be argued that the slowdown in growth in the provision of (effective) services was not as great as the slowdown in growth in spending. 
Third, the bi-lateral comparison of infrastructure spending and productivity could be misleading because other factors at work during the 1990s and 2000s overshadow its positive relationship. This was Dowrick’s (2001) point — not that there is no relationship between public infrastructure and productivity, but that the lack of positive correlation in the 1990s suggested that factors other than infrastructure spending account for the strong uplift in productivity growth over that period. (See Parham (2004) for a review of evidence on why productivity growth surged in the 1990s.)

Figure 1.1
Real public sector investment and market sector multifactor productivity
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a Gross fixed capital formation of general government and public corporations (chain volume measure).
Data source: ABS (Australian System of National Accounts, 2005-06, Cat. no. 5204.0).

Finally, the links between infrastructure and productivity may be more apparent at a disaggregated level, in industry and spatial dimensions, than at an aggregated level. Parham (2004) noted that new infrastructure services or better utilisation of infrastructure may have provided spillover gains to particular Australian industries, such as agriculture, mining and distribution, which have had substantial productivity improvements. He suggested that improved communications and transport infrastructure may have facilitated geographic rationalisation of activity, reductions in transactions and coordination costs and improved the dissemination of knowledge and information.

1.2

Objectives and scope of the paper
There were two principal motivations for this project. The first was to analyse the role of infrastructure in Australia’s productivity growth in the context of the Commission’s ongoing program of research into factors that affect productivity performance. Even if infrastructure did not play a big role in the 1990s productivity surge, confirmation (or otherwise) of an underlying, long-term relationship would have policy relevance. The second motivation was to attempt to sort through the uncertainties of the above-mentioned empirical issues and to provide clearer and more credible estimates of the effects that infrastructure has on productivity.
Specific objectives of the paper are to:

· clarify — in at least qualitative fashion — the links between productivity and the provision of public and private infrastructure
· develop improved measures of infrastructure services for use in empirical analysis
· improve estimation of the effects of infrastructure on productivity by incorporating measurement and methodological enhancements into quantitative analysis.
Approach taken
The analytical approach in this study could be characterised, very broadly, as a modified and enhanced Aschauer framework. It is similar to the Aschauer framework in the sense that it is founded on time-series analysis of production relationships. However, while Aschauer-type studies have examined the effect of publicly-provided infrastructure on private-sector productivity, the analysis conducted in this study has taken a broader focus on the effect of economic infrastructure (publicly-owned, as a subset, but also the combination of publicly- and privately-owned infrastructure) on productivity generally (private- as well as public-sector activities within the market sector of the economy). 

Although the analysis is broader in this sense, this approach actually narrows the scope of productivity gains that would enter the analysis (as explained below in section 1.3). It was considered that this approach may lead to more plausible estimates of the productivity returns to infrastructure provision.

Other features of the analysis, which depart from most other studies, are:

· improved measurement of infrastructure
· the public infrastructure measure is confined to that which has more immediate effect on current production (economic infrastructure and not social infrastructure such as schools and hospitals)
· measurement of the capital service flows from productive stocks of infrastructure assets (rather than wealth-based measures)

· investigation of different types of economic infrastructure

· analysis of (public) roads and (public plus private) communications infrastructure

· investigation of lagged effects

· inclusion of control variables to quarantine the effect of other influences on productivity from the analysis of infrastructure and its effects

· investigation of effects at both aggregate and industry levels

· the use of a wide range of estimation techniques (including ones better suited to the characteristics of the data) and statistical tests to investigate thoroughly the relationship between infrastructure and productivity.

The expectation was that these numerous and substantial enhancements to the model specification, variable definitions and estimation methods would lead to more precise, credible and robust results.

That said, the implementation was also pragmatic. A limited number of observations available presented estimation challenges. Relationships, controls and lags could not be investigated as thoroughly or precisely as would have been preferred.

One specific example of pragmatism was to introduce independently-estimated observations of multifactor productivity (MFP) from ABS national accounts sources as the dependent variable to be explained. This had an advantage of conserving degrees of freedom, compared with estimation of a fully-specified production function. Consequently, the exercise can also be characterised as an attempt to explain the variation in the ABS estimates of MFP or, more specifically, as an attempt to test the influence of various infrastructure variables on ABS estimates of MFP, taking account of a number of other possible influences.

What is out of scope

The analysis does not take into account improvements in the efficiency of delivery of infrastructure services. There have been very substantial improvements in efficiency in infrastructure industries since the early 1980s (PC 2005) which, in combination with the relatively large size of the industries, have contributed directly to improvements in average productivity in the economy. This is in the same way that efficiency gains in, say, wholesaling have contributed to improvements in average productivity. These types of gains are not the focus of the analysis undertaken here. The focus here is on what effect the flow of infrastructure services (and not the efficiency with which they are delivered) has on the productivity performance of other parts of the economy. Whilst it is also true that the effective flow of infrastructure services (for a given level of investment) will have improved as a result of better allocation of investment, this is not taken into account.

The analysis does not directly address the issue of the adequacy of infrastructure — an issue that has been prominent in recent years, with claims that infrastructure bottlenecks have constrained the ability of export industries to get increased product transported to booming overseas markets.
 To the extent that producers have constrained production, because it cannot be physically delivered to market, the opportunities for productivity growth in these industries may have also been constrained. Only very general impressions on the adequacy of infrastructure can be drawn from this analysis. As indicated above, if high (and credible) returns to infrastructure were found, it would imply that further investment would in a general sense be worthwhile.
1.3
What the paper does and says
The next chapter outlines the nature of the links between infrastructure and productivity and reviews the empirical literature on how the links have been investigated and what has been found. The literature has focused on two mechanisms by which infrastructure can lead to productivity gains.
· A ‘free input’ effect, which is the subject of Aschauer-type analysis. This is the effect on private-sector productivity that arises from the provision of public infrastructure at no charge to users. Where private producers use public infrastructure at no (or subsidised) cost, their measured productivity is enhanced.
 By extension, provision of more free infrastructure can lead to more private-sector productivity gains. 

· A ‘production spillover’ effect. This is an improvement in productivity (which can be in the public sector, as well as the private sector) that arises because users of infrastructure are able to reorganise their production, access inputs or produce more or new products.
 These spillovers can occur irrespective of public or private ownership of infrastructure assets. ‘Network’ effects from transport or communications infrastructure that enable producers to extent their markets and better coordinate their activities are examples.

Both these effects are spillovers, where a spillover is defined to be a benefit that is generated by a user of a good or service that is not offset by a charge to the user for the good or service. For convenience, however, they will be referred to respectively as ‘the free input effect’ and as ‘production spillovers’ in the rest of this paper.

Chapter 3 discusses the definitions and measurement of infrastructure variables, which are pivotal in determining the nature and interpretation of productivity gains captured in the quantitative analysis. The starting point is to analyse production and productivity in the market sector of the economy, as defined by the ABS. For productivity estimation purposes, the ABS includes public economic infrastructure in its capital input measures. Consequently, the use of public (economic) infrastructure is taken into full account in productivity measures and no ‘free input’ effect arises at the market-sector level. The investigation of productivity effects in this study is therefore confined to production spillovers or ‘excess’ returns (those in addition to returns to cover costs).

Three types of infrastructure are defined for the quantitative analysis — public (economic) infrastructure, the sub-category of public roads, and (both public and private) communications infrastructure. Both roads and, perhaps especially, communications infrastructure are considered to be potential sources of network spillovers — the additional gains to users that come from having more users join the network. The chapter describes the derivation of capital services measures for the infrastructure variables.
 Figure 1.2 shows that communications infrastructure services have grown very rapidly, particularly from the mid-1990s, whereas there was a slowdown in growth in the two public infrastructure variables from the early 1990s.

Figure 1.2
Trends in capital services from key infrastructure assets, market sector, 1974‑75 to 2002-03 
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Data source: Authors’ estimates based on unpublished ABS data. 

Allowance was also made for digitisation of the communications network, which increased the functionality of the network — allowing transmission of packets of data. Irrespective of whether users were fully charged for the additional functionality, network gains could have been enhanced.

While free input effects do not arise at the aggregate (market sector) level, they do arise in industry-level analysis. The ABS allocates types of public infrastructure to specific industries. Roads, for example, are allocated to the Transport & storage industry. For analytical purposes, other industries that use roads benefit from a free input effect.

Chapter 4 describes the framework for the quantitative analysis. As noted above, independently calculated ABS MFP indexes were regressed on a set of explanatory variables. 

· Production spillovers from public infrastructure and communications infrastructure were investigated by re-entering these variables as explanators of productivity. 

· The digitisation variable was included to allow for the additional functionality of the communication infrastructure.

· Other factors affecting productivity were included to reduce misspecification and omitted variable bias. These included education, R&D, scale effects and the business cycle. 

The characteristics of the data influenced estimation methods. Co-integration analysis techniques based on bounds testing and Autoregressive Distributed Lag models were selected for the estimations — particularly because of the non-stationary characteristic of the data, lack of reliability of unit root tests, and the expected significance of dynamics. 

Five criteria were established for selection of satisfactory model results:

1. evidence that the variables form a long-run co-integrating relationship

2. evidence that the direction of causation is in line with theoretical priors
3. other potentially important sources of growth are either controlled for or tested out of the regressions

4. acceptable statistical properties of models and coefficients
5. plausible economic magnitudes and signs. 

However, the first criterion was difficult to apply strictly because of the small number of observations available for the modelling.
Despite all the methodological and measurement improvements, the results of the empirical analysis — presented in chapter 5 — remain somewhat unsatisfactory. There were some insights provided into factors affecting productivity. But, in general, models failed one or more of the acceptance criteria and, specifically, the estimated magnitudes of productivity returns to infrastructure remained generally high, if not implausible.

At the market sector level, the estimated effects of public economic infrastructure (and the sub-category of roads) on MFP are positive and large. But, while in line with the majority of other similar studies, these results are subject to the same concerns about implausible magnitudes. In most cases the industry models in this study did not pass the plausibility criteria and/or one or more of the statistical criteria.
A number of alternatives were therefore investigated at the market sector level — inclusion of scale effects, labour productivity models, differenced models and alternative infrastructure measures — but these did not produce smaller coefficients from acceptable models. Despite the improved infrastructure measures and the range of estimation and testing procedures employed in this study, there is enough contradictory evidence that there remains concerns that such large coefficients may in fact be spurious. 

The estimated effects of communication infrastructure on MFP are positive and broadly in line with two similar studies. The results are also more plausible in size than those for road infrastructure in most cases. However, the effect of communication infrastructure is not estimated very precisely and the confidence interval around the estimates includes zero in many of the industry models. Alternative models suggest that MFP can be explained well without the inclusion of a spillover effect of communication infrastructure. Attempts to capture separately any effects of digitisation of the copper telecommunications network had mixed results. A separate digitisation effect could not be identified, but there is some evidence of a positive interaction between digitisation and IT capital. 

1.4
Conclusions
Aggregate time series analysis still appears to have severe limitations for the examination of the infrastructure spillovers to productivity. The range of estimation and testing procedures and improved infrastructure measures employed in this study have not generated results that are more credible than the implausibly large results of other studies. 
The extensive investigation has, however, identified some potential sources of estimation problems and key modelling issues for further examination.
· Capacity utilisation and/or congestion

· There is relatively little variation in road capital services, making it difficult for statistical methods to identify relationships reliably. And changes in capacity utilisation or congestion of roads were not measured in this study (or previous Australian studies). 

· Incorporating capacity utilisation and congestion into the modelling of road infrastructure may remove bias from the estimates and assist in identification of a clear relationship. 
· Network threshold effects

· The elasticity of road infrastructure may have changed over time and there may be threshold effects. 

· Alternative modelling techniques that allow for this may produce more plausible results. 

While the current analysis has been hampered by a number of factors (including limited degrees of freedom), it may also be true that alternatives to the aggregate time series approach are needed. One alternative approach that has been the subject of recent work is the use of spatial equilibrium models (see, for example, Haughwout 2002). Infrastructure can have localised benefits and network benefits. Localised infrastructure benefits may give rise to negative spillovers in other locations from which production and factors of production are drawn. But there may also be countervailing positive spillovers from network benefits of the infrastructure. A more disaggregated analysis, taking into account spatial dimensions, may make these links between infrastructure and productivity more apparent than in aggregate analysis. The extensive data requirements for such analysis, however, are likely to be a limiting factor. 
Aggregate time series analysis has not provided evidence that is sufficiently clear to help guide formulation of specific policies (for example, an increase in spending on infrastructure of specific types would lead to increased productivity of a certain magnitude). This is not to say that infrastructure is not important to productivity or that increased spending will not increase productivity, just that the magnitude of the relationships remains unclear. 
� In fact the analysis is a carry-over from the modelling exercise of Shanks and Zheng (2006), who investigated the effect of R&D capital on MFP.


� See the Export and Infrastructure Taskforce (2005) for an investigation of this issue.


� Productivity is measured as the ratio of output to inputs. Irrespective of whether output is measured as gross output or value-added, provision of free infrastructure (which is not counted in the input measure) means producers are able to produce more measured output, without any increase in measured inputs. 


� These spillovers can be clearly distinguished from free input effects as the benefit to users in excess of a market-determined user charge or an equivalent imputed charge.


� Previous studies have used a net capital stock measure, based on asset values (in wealth terms). A capital services measure is based on a productive capital stock, where depreciation is measured in terms of loss of efficiency (due to physical wear and tear).
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