	
	


	
	



5
Results and interpretation
This chapter summarises the results of this study — it is an overview of the main messages from the detailed results reported in appendix E (market sector) and appendix F (industries). The results are preliminary, in the sense that many of them have identified key modelling issues that require further examination.
5.1
The context for the results
A considerable body of empirical research exists on the effects of public infrastructure on output and productivity — although the number of Australian studies is more limited (chapter 2 and appendix A). This analysis extends or differs from previous Australian studies in a number of ways. 

· It focuses on explaining conventionally measured multifactor productivity (MFP) for the market sector (and industries) rather than a constructed ‘private’ sector. 
· The ‘free input’ effect of some public infrastructure does not arise in conventionally measured MFP for the market sector. This shifts the focus from a ‘free input’ effect to production spillovers from infrastructure.
· It broadens the scope of infrastructure to include the communications network infrastructure not just public (general government) infrastructure.

· Potential spillovers related to infrastructure facilitating innovation and organisational change are not restricted to publicly-owned infrastructure.

· It models the influence of infrastructure in the context of a range of other determinants of productivity. 
· By controlling for other determinants, the infrastructure effect should be better estimated.
· It uses improved measures of infrastructure services.

· The capital services indexes that have been constructed for this study measure the flow of infrastructure services from a productive capital stock, rather than a wealth-based net capital stock. The service flow is generally recognised as the relevant measure but data limitations have previously led to the use of stocks.
· Alternative definitions of public infrastructure are compared. The emphasis is on road infrastructure because the theoretical basis for expecting possible spillovers is stronger. Road infrastructure is also a very large share of general government infrastructure.
· Alternative methods of proxying actual usage of total infrastructure services by the market sector or individual industries are examined for communication infrastructure.
· It includes a more extensive industry analysis than some studies. 
· It uses estimation techniques more suited to the characteristics of the data than many studies that use similar data and the production function approach.
5.2
Empirical results and implications

The main messages of the empirical analysis presented in this section are based on the detailed results in appendix E (market sector) and appendix F (industries). While these results need to be considered within the context and constraints of the available data and methods adopted, they represent a detailed exploration of the relationship between various types of infrastructure and productivity at the market sector and industry levels. 

Preferred models were selected from the range of models tested as part of the general to specific test down procedure employed and on the basis of the criteria for model acceptance outlined in chapter 4 (four criteria covering statistical/econometric properties and the last criteria relating to economic plausibility). However, in general the results were less than fully satisfactory against these criteria, failing one or more of the criteria. Most of the industry models failed the plausibility criteria and/or one or more of the statistical criteria. The preferred market sector models generally passed the statistical criteria but failed the economic plausibility criteria (for road infrastructure) or were very imprecisely estimated (for communication infrastructure).
Therefore, the magnitudes of the elasticities and implied rates of return have not been reported in detail in this chapter (tables of results are provided at the end of appendix E for the market sector and the end of appendix F for industries). The discussion of results in this chapter is aimed at: highlighting at a broad level where these results of this study fit within the range of results from other studies of this kind; the methods used to attempt to improve the results; and potential sources of estimation problems. 
In most cases, robust estimates of the effect of road infrastructure and communication infrastructure on MFP could not be obtained within the same model. The results are therefore examined by infrastructure type. 
Public economic infrastructure 

Market sector results 

The preferred MFP level models for the market sector produced road elasticities (effect on MFP of a 1 per cent increase in road services) of 0.31 to 0.43 and elasticities for the broader measure of public infrastructure (closer to that used in most other studies
) of 0.39 to 0.49. The lower ends of these ranges are the usage-adjusted infrastructure variables and the upper ends are the unadjusted variables. This shows the sensitivity of the results to the construction of the infrastructure measure. 

These estimates are statistically significant and are from models that pass most of the criteria established for model acceptance. However, the economic magnitude of the coefficients is very large — particularly considering they are capturing spillovers other than a free input effect. (Public infrastructure is already included in the capital service measure used by the ABS to construct their market sector MFP index).

A number of alternatives were therefore investigated. 

· Since MFP is constructed assuming constant returns to scale, the existence of increasing returns to scale could bias the estimates upwards. But tests suggested this was not the problem. 

· Labour productivity regressions were used to test whether the measured effects held in the absence of the assumptions used to construct MFP. But labour productivity models including roads did not meet the criteria for model acceptance. 

· The estimation method used for the level models is based on the assumption of the existence of a co-integrating relationship between the variables. Additional confidence can be obtained from differenced regressions if the results are roughly similar to those in the levels models. But in most differenced models the roads variable tested out of the model. Where it was retained it was of similar economic magnitude (0.37), but estimated very imprecisely. 

Industry level results
The industry results in this study suggest broadly similar relationships to those found at the market sector (although the extent of the relationship varied by industry). The estimates capture both a free input effect and production spillovers. But the models are subject to more acute estimation difficulties.
 For most industries there is no preferred model — while a number of plausible models can be generated, in most cases the models fail one or more econometric tests for robustness. 

On the basis of the most reliable (least unreliable) industry estimates, the range of elasticity estimates is 0.5 to 2.3 (for those industries where the road infrastructure variable was statistically significant). Manufacturing, Wholesale trade and Retail trade are at the lower end of this range, Transport & storage, Agriculture and Mining are mid range and Electricity, gas & water is at the top of the range. But in all cases, except Manufacturing, the road variable is usage adjusted and this drove the significance of the variable. When the unadjusted variable was used, the road variable became insignificant. 

Many different strategies were employed in the industry tests. While varying by industry, the strategies included: 

· tests of alternative controls for scale
· tests of parameter breaks due to, for example, structural reform of an industry or one-off shocks, such as the Sydney Olympics
· shifts in the effect of IT capital with an increasing effect expected
· different controls for the business cycle and shocks, such as terms of trade or variations in the cost of capital and holding inventories
· alternative estimation techniques.

Comparison with other studies

While comparisons with other studies are not straightforward because of differences in infrastructure coverage and time periods, the range of estimates for public infrastructure elasticities is very wide. In most cases rates of return are not reported in other studies (limited comparisons of rates of return are therefore provided in appendix sections E.9 and F.11).
For Australian aggregate studies that produce output-side elasticities
, the range is 0.008 to 1.19 — although the majority of studies fall in the 0.2 to 0.5 range (appendix A). The ‘preferred’ market sector models in this paper are in line with the majority of other studies and are also subject to the same concerns about the large magnitudes. 
For Australian industry studies, the range of elasticity estimates for public infrastructure is even wider — -0.26 to 3.50 across all industries — and the authors generally considered their industry results less reliable than their aggregate ones (appendix A). The range for most individual industries is similarly wide and there is no clear pattern in terms of which industries have the largest/smallest effects. The industry results in this study fit within the range of those in other studies (at the positive end) and are subject to similar concerns about reliability. 

Implications
Overall, in this study the estimated effects of public economic infrastructure on MFP are positive and large. But, while in line with the majority of other studies, these results are subject to the same concerns about implausible magnitudes — that they are too high to be credible in absolute terms (over 100 per cent in many cases) and relative to private capital (several times private returns in many cases).
 
The elasticities in this study imply implausibly large rates of return on infrastructure
 and are also imprecisely estimated, as figure 5.1 illustrates for the market sector. And while similar in magnitude to other studies there are two differences in approach in this study that might have been expected to make them smaller. At the market sector level the estimates do not include the ‘free’ input effect captured in other studies. And other influences on productivity are controlled for in the models, unlike many other studies.
At the industry level, the results are largely driven by the usage adjustment to the infrastructure variable. The adjustment factor is based on valued added and is a relatively crude proxy for actual usage. It also introduces some interdependence between the measurement of inputs and outputs. This weakens the interpretation of the results (in this and previous studies using similar usage adjustments) as changes in infrastructure causing productivity growth.

Despite the improved infrastructure measures and the range of estimation and testing procedures employed, there is enough contradictory evidence that there remains concerns that such large coefficients may in fact be spurious. The very large estimates for road infrastructure from the MFP level models are not corroborated by the differenced models or labour productivity models at the market sector level. And in most cases the industry models did not pass the criteria for model acceptance.

Figure 5.1
Implausibly large and imprecisely estimated public economic infrastructure elasticities
Point estimate and confidence interval based on plus or minus two standard errors
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Results are from appendix E models RI5, RI5(1), RI6 and RI5(2), respectively.
Data source: Authors’ estimates.
This study therefore adds to the doubt about the ‘stratospheric’ returns to public infrastructure produced in earlier studies — but it does not provide alternative, robust and more plausible estimates. However, it has identified some potential sources of estimation problems and areas for further examination.

Potential sources of the problems in modelling roads 
Given these implausible results, consideration was given to some potential sources of the problems in modelling roads (section E.7). 

· There is relatively little variation in road capital services and this could affect the ability of statistical methods to reliably identify relationships. Estimation based on a panel of industries may help increase variation, but not without introducing other problems. For example, as there is only a single road capital services measure available for all of Australia, one method for achieving an increase in variation involves allowing the effect of roads on industry MFP to vary by the intensity of vehicle use (see Fernald 1999). Initial testing of that model on Australian data did not produce encouraging results.
· Changes in capacity utilisation or congestion of roads, which were not measured in this study
 (nor in previous Australian studies), may have led to an upward bias in the estimated effect of roads on MFP.
· Total vehicle kilometres travelled has consistently grown faster than measured road capital services, suggesting that average capacity utilisation has increased significantly over the period.

· It is possible that estimates of the effect of road infrastructure are biased upward by ignoring the apparent long-term upward trend in capacity utilisation. 

· The elasticity of road infrastructure may have changed over time if network threshold effects are strong. Simple structural break tests did not indicate a break in the effect of roads, but this may be because the effect of roads is imprecisely measured. A more formal approach to investigating these issues was undertaken by Colletaz and Hurlin (2006). 

· The authors applied a ‘panel smooth threshold regression’ model to investigate the effects of public capital in a cross-country panel context and found more plausible elasticities on public capital — 0.066 for the United States and 0.136 for Australia.
 

· They interpreted their results as indicating that the relationship between output and the public capital stock is non-linear and exhibits strong threshold effects. At low levels of infrastructure, the return to public capital is not dissimilar to private capital (investment levels are too low to capture potential network effects). At mid-range levels, the return to public capital is significantly above the return to private capital. At high levels of public capital, where infrastructure networks are largely complete, the return to additional investment is again roughly equal to that of private capital.

Communications infrastructure

Market sector results 

Initial models including both communication infrastructure (adjusted by sector’s share of intermediate usage) and IT capital and a range of other explanatory variables produced statistically significant estimates of around 0.06 for the communication elasticity and -0.02 for the IT capital elasticity. A negative effect of IT may be plausible if the wide diffusion of IT capital has entailed substantial disruptive effects and adjustment costs. However, tests suggested that the results could not be interpreted as intended — that is, that a change in communication infrastructure or IT capital would result in a change in MFP — because they left open the possibility of reverse causation. Attempts to improve these models by using different business cycle controls, lag structures and sets of control variables did not produce a model that was satisfactory overall. 

Additional models were therefore examined. One factor not incorporated into the initial models was the digitisation of the copper telecommunications network. The capital services index for communication infrastructure may not fully reflect the additional functionality of the copper network that has arisen from digitisation. Attempts to separately capture this effect did not produce a significant estimate — but some models that incorporated an interaction between digitisation and IT capital passed the model acceptance criteria. The ‘preferred’ model produced a communication elasticity of 0.05 and a coefficient on the interaction between digitisation and IT capital of around 0.01. This provided some evidence of positive spillovers from communication infrastructure and digitisation of the copper network enhancing the effect of IT capital on productivity. 
However, the direct effect of communication infrastructure in these models was not estimated very precisely. Alternative specifications were therefore tested. 
· Market sector MFP was also explained well by models that did not include a direct excess effect of communication infrastructure. 
· Differenced regressions did not support an effect different from zero. 

· Sensitivity testing of the usage adjustment showed that an alternative (value-added) usage adjustment factor or no adjustment did not improve the precision of the estimates. These alternatives led to much larger estimates that were estimated with less precision. 

Industry level results
The preferred industry models containing communication infrastructure provide some support for the market sector results. However, the results for particular infrastructure variables vary considerably across industries. This would be expected as a result of industry specific effects but may also be due to measurement issues and the significant difficulties in modelling industry MFP. The modelling of MFP at the industry level has highlighted the value of current ABS efforts to improve the quality and availability of industry level data.
Communication infrastructure had a positive effect on industry MFP (for those industries where it survived the test down procedure). Preferred model results range from 0.03 to 0.10 (with the market sector results about mid-range at 0.05). The communication infrastructure elasticity was statistically significant for Transport & storage (0.10), Wholesale trade (0.07), Manufacturing (0.08) and Electricity, gas & water (0.03) (see appendix F). Some acceptable models of Finance & insurance, other than the preferred model, also had a positive effect (0.3–0.13). However, the imprecision of the preferred model estimates also mean that the confidence interval for these estimates included zero (or no effect) for Electricity, gas & water and for Wholesale trade. 
The industry models also provide some support for the market sector results of the effect of digitisation. For five of the seven industries for which the preferred model included this variable, digitisation enhances the effect of IT capital on MFP. The positive industry results were considerably larger than those for the market sector — with an industry range of 0.027 to 0.201 compared with around 0.01 for the market sector. The exceptions are Mining and Manufacturing, for which the effect was around -0.04 (suggesting disruption effects). The largest positive effects were for Wholesale trade and Transport & storage.
Comparison with other studies

There are few directly comparable studies available. Australian studies have generally focused on the impact of IT or ICTs on productivity, rather than on communication network infrastructure. However, one US study (Nadiri and Nandi 2001) examined communication infrastructure in a similar way to public infrastructure studies and this study. Differences in methodology make magnitude comparisons difficult. But, given a number of assumptions, the US estimate appears smaller than the results in the preferred market sector models in this paper (0.014 compared with 0.05) (see appendix E for details). This might be expected if Australia lags the United States in the completion of major networks or the significant upgrading of those networks, as the potential gains from upgrading may have been more fully exploited in the United States.
Similar comparisons of magnitudes are not possible at the industry level but industry patterns can be compared. Nadiri and Nandi (2001) found positive spillovers for all industries and relatively larger spillovers in the service industries (such as Wholesale & retail trade and Finance & insurance). They suggest this is a reflection of the high information intensities of these industries. This industry pattern is not as apparent in the preferred models in this paper — for Retail trade and Finance & insurance, for example, communication infrastructure was not statistically significant. However, communication infrastructure was statistically significant for Wholesale trade and in some acceptable models of Finance & insurance (other than the preferred model).
For the effect of digitisation there are also few direct comparisons available. However, the generally positive estimates for the interaction between digitisation and IT capital found in this paper accord with the results of Barker et al. (2006) — that digitisation of telecommunications infrastructure improved the productivity impact of increases in the penetration of personal computers.

Implications

Overall, in this study the estimated effects of communication infrastructure on MFP are positive and broadly in line with similar studies. The results are also more plausible in size than those for road infrastructure in most cases. However, they are still less than definitive. 
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 direct excess effect of communication infrastructure. And alternative specifications, such as labour productivity models and differenced regressions, are also less supportive of this positive spillover effect. 

Attempts to capture separately any effects of digitisation of the copper telecommunications network yielded mixed results. A separate digitisation effect could not be identified but there is some evidence of a positive interaction between digitisation and IT capital. But if it is the case that the process of digitisation of telecommunication infrastructure is essentially complete, then these effects could be expected to diminish. Further increases in transmission capacities of the digitised network are unlikely to bring the same sort of social return that it appears resulted from the initial digitisation of the network.
5.3
Further work
At the level of the market sector, the preferred results for the effects of road infrastructure, communication infrastructure and digitisation are from models that are statistically acceptable. The models include a good range of control variables that have effects that are signed as expected and are measured well. 

The results are from general-to-specific test down procedures, with the sensitivity of results to various tests documented in the supporting appendixes. The estimation methods employed are suitable for the data at hand (subject to the limitations of a small number of observations). 

A transparent approach to which models ‘did not work’ was taken, giving additional confidence to the measured effects, and clearly demonstrating the limitations of current data and methods in identifying the magnitudes of effects. 

That said, the results of the econometric analysis in this study have not provided robust and more plausible estimates for the effects of public infrastructure in most cases. The extensive investigation has identified some key modelling issues for further examination. 

There are three key issues.

· Changes in capacity utilisation and/or congestion are not accounted for in the road capital services measure used in the modelling. 

· There may be threshold effects that are not allowed for in the modelling techniques used in this study. 

· There may be spatial dimensions to the infrastructure spillovers that are not allowed for in the aggregate level modelling in this study.

Some preliminary investigation of the issue of utilisation/congestion of roads was undertaken but the further work required is beyond the scope of this paper. The application of more complex modelling techniques to aggregate time series analysis may assist in the identification of the link between infrastructure and productivity. But their application is severely limited by the small number of data observations that are currently available. Alternative types of disaggregated analysis (such as spatial equilibrium models) may provide more insight into this link — although these approaches may also be limited by data availability.
� This public infrastructure measure is still narrower than that used in other studies because it excludes social public infrastructure such as schools and hospitals.


� As noted earlier, industry MFP data used in the models are also less accurate than at the aggregate level.


� Production function studies, or cost function studies in which the output-side equivalent is derived and reported.


� For further discussion of the implausibility of returns in infrastructure studies see Gramlich (1994) and Munnell (1992). 


� The rates of return are calculated by multiplying the estimated MFP elasticity with respect to infrastructure by the ratio of output to the average productive capital stock of infrastructure. This calculation is based on the assumption that the MFP elasticities are close approximations of the output elasticities from which rates of return are usually calculated (see appendix E). 


� The usage-adjusted infrastructure measures used in this paper only capture changes in relative usage between sectors and not underutilisation or congestion.


� Colletaz and Hurlin (2006) did not report the implied rates of return for Australia. However, as this elasticity is less than half that of other studies the rate of return would also be more than halved. 
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