	
	


	
	



H
Scale and capacity utilisation
This appendix provides further background on the modelling issues related to scale and capacity utilisation that were identified in chapter 4.

H.1
Scale

Conventional measures of multifactor productivity (MFP) (as estimated by the ABS and the Commission) assume constant returns to scale (CRS) and that each input factor is paid its marginal product.
ABS Cat. no. 5216.0 notes that “The approach adopted by the ABS has been founded on neo-classical economic theory. It is based on a translog production function in conjunction with two assumptions: (i) there are zero economies of scale; and (ii) the marginal products of capital and labour are equal to their respective real market prices.” The first assumption of constant returns to scale ensures the output factor elasticities sum to unity. Together with the second assumption this makes the output factor elasticities equal to the factor income shares, which are observable.

However, if the assumption of CRS is not correct (that is, there are decreasing or increasing returns to scale) then the scale effects will be captured in the conventional MFP measure.
 This may bias the estimation of the parameters of interest in the modelling using a MFP equation. 

For the market sector, because public capital is already included in the capital stock used by the ABS, the CRS assumption in the calculation of MFP applies to all inputs. For the individual industries, this is the case only for that part of public capital allocated to that industry (which for most industries is zero or a small proportion of total capital) — therefore the assumption is CRS for private inputs.
As discussed in chapter 4, it is possible to allow for an error in the CRS assumption arriving at estimating equation (4.4d)
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 represents a scale control variable. The term [image: image4.wmf]e
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 and may be less than, equal to, or greater than one. If the true technology is CRS, then [image: image6.wmf](1)
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 evaluates to zero. If the true technology is increasing returns, then [image: image7.wmf](1)
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 and a positive coefficient is obtained on the scale control when equation (4.4d) is estimated. A negative coefficient results if the true technology is decreasing returns. 
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 can be a conventional capital services index ([image: image9.wmf]k

). IC (1995) included both conventional capital and a separate hours worked measure to control for possible scale effects. Alternatively, a combined input services index can be used (for example, Otto and Voss 1994a). This has the advantage of saving degrees of freedom and may control better for any possible scale effects not derived from physical capital. The regression results presented in this paper were sensitivity tested to these alternative approaches. 

A number of Australian infrastructure and productivity studies have examined the issue of scale, with varying results (see box H.1). 

Do not delete this return as it gives space between the box and what precedes it.
	Box H.1
Treatment of scale in empirical studies

	Australian productivity studies including infrastructure have produced varying results on the issue of scale.

IC (1995, p. QB.40) noted that when estimating an unrestricted production function the capital contribution to output growth tended to fall and the productivity contribution rise. This was taken as suggesting decreasing returns to scale across conventional capital and labour inputs. 

It is possible to relax the implicit assumption of constant returns to scale by reintroducing the input variables on the right-hand side of the MFP estimating equation. This approach has been followed in some Australian studies. 

IC (1995, p. QB.40) used this approach at the sectoral level and found that manufacturing and ‘other services’ (covering Electricity, gas & water, Transport, storage & communications, and Recreation & personal services in aggregate) exhibited evidence of increasing returns to labour and capital and mining exhibited decreasing returns. They considered the evidence of slight decreasing returns to labour and capital (a negative coefficient on the reintroduced capital stock variable) in Mining to be consistent with the idea of diminishing returns to a fixed ore body — as more inputs are applied to a given ore body proportional increases in inputs will contribute less than 
 (continued on next page)

	

	

	Box H.1
(continued)

	proportionately to output (p. QB.35). For ‘other services’, they note that the result of increasing returns to scale may not apply to the industries individually — it may be plausible, for example, for electricity and rail but less likely for recreational and personal services (p. QB.38).

Paul (2003, p. 454) used a translog cost function approach to examine the effect of public infrastructure in Australia from 1968-69 to 1995-96. He found CRS at the aggregate level and in Manufacturing, Construction and Recreation & personal services (with a cost elasticity with respect to output not statistically different from 1) but found scale economies in production in Agriculture, Mining, Wholesale & retail trade (from 1981 to 1996) and Transport, storage & communication (from 1991 to 1996). 

Otto and Voss (1994a) examined the effect of public infrastructure on ‘private sector’ productivity in Australia. Starting from a generalised Cobb-Douglas form of production technology, they tested for the case of restricted increasing returns to scale (RIRS) (with CRS over private inputs and increasing returns to scale over public capital) and CRS (over all inputs — that is, decreasing returns to scale over private inputs for a given level of public capital because of congestion in the use of public services). They found weak evidence against CRS and some support for RIRS at the aggregate level. The industry results were generally poor. 

Aschauer (1989a), on which Otto and Voss (1994a) based their approach, did not reject CRS at the aggregate level for the US. He provided arguments why RIRS and CRS each might be reasonable. Economies of scale are the reason for public provision of some capital so RIRS might be reasonable. Congestion in the use of public capital may mean increasing returns to scale may be inappropriate and CRS over all factors might be appropriate. 
Connolly and Fox (2006) derived their regressions from a Cobb-Douglas production function (and calculated MFP using the standard growth accounting framework assuming CRS and output elasticities equal to factor shares of income), rather than alternative functional forms. This was on the grounds that “… previous studies in Australia and elsewhere have found that the CES [constant elasticity of substitution] or translog functional forms produce results virtually identical to those using a Cobb-Douglas functional form” (p. 52). They reported results from regressions that imposed CRS but also noted that “when constant returns to scale are not imposed some of the estimated output elasticities are implausible” (p. 54). 
Song (2002) in an empirical study of public capital and private production in Australia found that the restriction of constant returns to scale over private inputs (labour and private capital) and public inputs was valid. Valadkhani (2003) in an empirical analysis of aggregate labour productivity tested for constant returns to scale assumption and found that it could not be rejected.

	

	


H.2
Capacity utilisation, business cycle and technical progress

The specification of equation (4.4b) in chapter 4 assumes that inputs are fully employed. The construction of the capital service indexes and labour input index does not recognise business cycle or shock effects on the capacity utilisation of the. Therefore, as discussed in chapter 4, a cycle term and a stochastic error term are also added to the estimating equation (4.4d)
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 is the control for the business cycle and [image: image12.wmf]t
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 is the error term. 

MFP growth is generally regarded as pro-cyclical. During economic downturns there is a tendency to hoard inputs. With a decline in outputs, capacity utilisation and MFP decline. During the following economic expansion, the growth rate in outputs is initially met by increasing capacity utilisation and not a rise in inputs, increasing measured MFP. 

A number of studies have examined this issue empirically, including the following.

· Otto (1999) found that roughly 70 per cent of the variance of MFP is due to technology shocks and 30 per cent to demand shocks. Demand shocks explain almost all of the variation in capacity utilisation. He proxied capacity utilisation by information from the ACCI-Westpac surveys, which is based on asking managers whether they are working at a satisfactorily full rate of operation. He tested a range of variables designed to capture non-technological shocks affecting the Australian economy. The terms of trade and an indicator of the interest rate spread appeared significant and robust. 

· Economic downturns and periods of structural change can have a ‘cleansing effect’ where the least productive firms exit industries and firms adopt up-to-date technologies in order to survive (Malley and Muscatelli 1999). Average firm productivity increases. Based on evidence from US manufacturing industries, Malley et al. (2000) found that recessions can enhance productivity through reorganisation and restructuring effects, if the recessions are not too deep. 

· Fare et al. (2001) found that New Zealand manufacturing MFP growth was counter-cyclical over the period 1986 to 1996. In these manufacturing studies, the cleansing effect appears strong enough to offset capacity utilisation effects resulting in MFP growth being counter-cyclical. In contrast, the authors found that Australian manufacturing MFP growth was pro-cyclical.  

· Fox (2005) stated that “… the empirical observation of pro-cyclical productivity growth can, in some models, be explained by increasing returns to scale”. Fox used a variety of tests to separate New Zealand industry and market sector total factor productivity (TFP) growth into contributions from technical progress and returns to scale over the time period 1988-2002. He stated that the results were not statistically satisfactory for several industries, and were quite sensitive to the model used. Notwithstanding, the results from different methods provided a consistent picture and indicated that returns to scale were either constant or increasing, and very little of TFP growth over the period in New Zealand was explained by technical progress. 

The specific cycle measures tested in this paper are discussed in appendix D.
� The MFP measure will therefore not be a pure measure of technological changes. For further discussion of this issue see Fox (2005). 





	H.4
	Infrastructure and productivity
	


	
	Scale and capacity utilisation
	H.1



