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Methodology and data sources
A.1
Introduction

The primary motivation for developing multifactor productivity (MFP) estimates at the subdivision level within utilities was to better understand productivity trends and developments in Australian Bureau of Statistics (ABS) estimates of division MFP. To this end, the methodology and data used in this study have been chosen to match as closely as possible that used by the ABS to derive MFP for the utilities division as a whole. 
While the methodology used to derive subdivision MFP is largely consistent with that used by the ABS at the division level, it has not been possible to perfectly match the data. In general, the ABS does not publish sufficient raw data at the subdivision level to allow completely consistent estimates of subdivision MFP to be estimated. As a result, some simplifying assumptions and choices have been made regarding the data used to estimate subdivision MFP. In making these choices and assumptions the overriding objective has been to ensure (as far as practicable) consistency between the aggregate of the subdivision MFP estimates and the official ABS division estimates for utilities. The outcome is a set of subdivision MFP estimates that are collectively consistent with the ABS utilities results. The trade-off is that the subdivision estimates may be individually of lesser quality, although the extent to which this may be the case is difficult to measure in the absence of more detailed information.
A.2
The basic model

The basic methodology used by the ABS to estimate MFP is set out in Aspen (1990). Over the years there have been refinements to align the concepts and definitions more closely with international standards, such as the United Nations System of National Accounts 1993 (SNA). For more information see ABS (2000). For more information on the development of industry-level MFP estimates at the ABS see Zheng (2005) and ABS (2007).
As of 2011, ABS productivity estimates are based on the System of National Accounts 2008 (SNA08) and the industry classifications set out in Australian and New Zealand Standard Industrial Classification 2006 (ANZSIC06). Prior to this, the industry classification scheme used by the ABS was Australian and New Zealand Standard Industrial Classification 1993 (ANZSIC93).
Definitions

Multifactor productivity is defined as the ratio of output to combined inputs of labour and capital:
· where output is defined as industry gross value added, and is measured as a chain volume index
· labour inputs are defined as hours worked
· capital is measured as capital services (see the ABS 1997-98 edition of Australian System of National Accounts, Cat. no. 5204.0), which has a feature article on the measurement of capital services).

Output and inputs are therefore measured in volume or quantity terms. 

Multifactor productivity in period t (MFPt ) is the ratio of output in period t (Yt ) and a combined input index (It ). That is:
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The index It is computed as a Tornqvist index, and is calculated recursively from the geometric mean of the growth rates of the labour input (Lt ) and the capital input (Kt ).
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Where Wtk and Wtl are respectively the average revenue shares of capital (Sk) and labour (Sl) in periods t and t-1. That is:
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and
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In implementing these equations, it is implicitly assumed that constant returns to scale are present and factors are rewarded according to their marginal products. 

A.3
Data sources

The information needed to estimate MFP (as outlined above) in the various subdivisions of the utilities division is not available from a single source. Moreover, changes over time in ABS data collections and survey methods make it difficult to generate time-series data that are perfectly consistent with the inputs, outputs and MFP estimates for the utilities division as a whole. This problem has been compounded by the decision during the course of this study to estimate subdivision MFP over a comparative long period (1974-75 to 2009-10) in order to better understand some of the longer-term issues that impact on MFP trends and developments in the utilities division. (As noted in chapter 2, current ABS estimates of MFP at the division level only go back as far as 1985-86).

Much of the data that have been used to derive the subdivision MFP estimates contained in this report have been taken from ABS publications Cat. nos. 8208.0, 8226.0, 8140.0 and 8155.0, along with input-output table data provided to the Commission by the ABS for an earlier project, and some unpublished ABS data. Other important sources of data used to construct and validate the subdivision productivity estimates are the Energy Supply Association of Australia (esaa) and the Water Services Association of Australia (WSAA). 

The key variables and parameters used in the construction of the MFP series for each subdivision or class are as follows:

Output
The volume output estimate used for each subdivision — that is, the Y variable in equation A1 above — is the ABS estimate of industry gross value added in real (chain volume) terms, and is taken from the ABS National Accounts (Cat. no. 5204.0, 2007-08 edition, Table 5, Gross Value Added (GVA) by Industry — series identifiers A2420933J, A2420934K, and A2420935L). These estimates are based on the ANZSIC93 industry classification scheme, and cover the period from 1974-75 to 2007-08. Estimates for 2008-09 and 2009-10 are extrapolated using ABS estimates of industry gross value added in each subdivision based on the more recent ANZSIC06 industry classification scheme, which were taken from the ABS National Accounts (Cat. no. 5204.0, 2009-10 edition), Table 5, Gross Value Added (GVA) by Industry — series identifiers A3348083R, A3348084T and A3348085V). In principle therefore, the subdivision output estimates used in this study are consistent with the output estimates used by the ABS to derive MFP at the division (EGWW) level.
Inputs

Labour inputs

As noted above, the ABS use an estimate of the aggregate number of hours worked in utilities to represent labour inputs in their MFP formula (the L term in equation A2). Subdivision estimates of hours worked for the period from 1985-86 to 2005-06 (based on the ANZSIC93 industry classification) were provided by the ABS. These estimates were indexed forward to 2009-10 using percentage changes in subdivision hours worked reported by the ABS under the new ANZSIC06 industry classification. (Note that the shift from ANZSIC 1993 to 2006 had very little effect on the structure and activities of ES, GS and WSSD. A comparison of ANZSIC06 results with ANZSIC93 results — during the period where overlapping estimates are available — indicates little difference attributable to the ANZSIC changes. 
From 1974-75 to 1985-86, estimates of subdivision hours worked were backcast from values in 1985-86 by prorating estimates of hours worked at the aggregate (that is, EGW) level. The prorating of hours worked at the division (EGW) level was made using subdivision shares of division labour costs. 
An implicit assumption, therefore, is that the during the period from 1974-75 to 1985-86 the ratio of labour costs to hours worked is constant across each subdivision. This may not always have been true. Subdivision labour cost information (compensation of employees) was taken from input-output table data provided to the Commission by the ABS.
Capital

The measure of capital inputs used by the ABS to estimate MFP (that is, the K term in equation A2) is capital services, which reflect the amount of service provided by capital assets during a period. 
For each asset, the ABS assumes that the capital services provided in a period are directly proportional to the productive capital value of those assets, where the latter is assumed to decline over time as the asset ages. For example, the amount of capital services provided by a one year old truck is assumed to be greater than that provided by a two year old truck etc.

The ABS measures the productive capital stock of each asset type using the perpetual inventory method (PIM). This involves compiling a rolling inventory of capital stocks, with investment in new assets each year added to stocks, retired assets deducted, and the value of remaining assets adjusted according to ageing. 
The total productive capital stock is estimated by weighting together chain volume measures of the productive capital stock of different asset types using estimates of their rental prices. Rental prices can be regarded as the wages of capital, or the compensation required to hire or rent a unit of capital.
In this report, subdivision-level estimates of Capital capacity have also been estimated using a PIM. One difference between the ABS approach and that used in this paper is in relation to the scope of assets covered. The ABS includes the full coverage of gross fixed capital formation when estimating capital services. This means that the ABS estimates of capital capacity are based on six categories or types of capital: 
1. machinery and equipment
2. non-dwelling construction 
3. livestock
4. intangible fixed asses 
5. inventories 
6. land (see ABS 2007 p.100). 
In contrast, the subdivision results in this paper are based on two types of capital assets only: machinery and equipment, and non-dwelling construction. Since the latter are the dominant components of total capital assets for utilities, this difference is expected to have only a minor effect on the growth rate in capital services over time. 
Important parameters and assumptions used to estimate subdivision capital stocks are generally consistent with those used by the ABS. For example, the assumed age-efficiency function is a hyperbolic function that uses the same efficiency reduction parameters as the ABS: 0.5 for machinery and equipment; and 0.75 for non-dwelling construction (see ABS 2000, p. 253). Average asset life assumptions for each capital type are equal to those specified by the ABS in tables 16.4 and 16.5 of their Concepts, Sources and Methods publication (ABS 2000, pp. 269 and 271). Note that the ABS assumes comparatively long asset lives for non-dwelling construction assets in the water sector (71 years), while the assumed average asset life for machinery and equipment assets in all three subdivisions is longer than that for most other industries. 
Another difference between the methodology used by the ABS to measure capital services and the approach used in this paper is in relation to the assumption made regarding the profile of asset retirement around the mean asset life. The ABS uses a bell-shaped symmetric retirement curve that effectively means three quarters of assets are retired within 30 per cent of the mean asset life (see ABS 2000, p. 273). In contrast, the PIM used in this study to derive capital services at the subdivision level assumes simultaneous exit of assets. That is, all assets are retired at the same age. This is computationally simpler, and is likely to have only a small statistical effect on the results. (For a more detailed discussion of this issue see Gretton and Fisher, 1997, p. 65).
Capital expenditure estimates — nominal and constant price
It was not possible to construct consistent time-series estimates of (nominal) subdivision capital expenditure on the two capital types from standard ABS data sources. Instead, estimates of subdivision capital expenditure on the two capital types were derived by prorating division-level (that is, EGW) estimates of nominal expenditure on each type of capital using sub-division shares of total capital expenditure. 
A limitation of this approach is that each subdivision is implicitly assumed to have the same ratio of the two capital types as the division average. While this is not likely to be a problem in relation to Electricity supply (because ES accounts for the majority of capital investment in the division), it may be more of problem in WSSD and GS if the ratio of investment in the two capital types has been systematically different to the ratio in ES.

Subdivision shares of total capital expenditure were derived from two sources. For the period from 1974-75 to 1988-89 the shares were derived from unpublished ABS data on gross fixed capital formation by public corporations within each subdivision. Since only a comparatively small share of activity in the division during this period was non-public (that is, private), this assumption seems reasonable. From 1989-90 to 2009-10, the shares were derived from subdivision information on net capital additions published in annual ABS industry publications Cat. nos. 8208.0, 8226.0 and 8155.0. 
Nominal capital expenditure on the two types of capital within each subdivision was converted to constant prices using capital price indexes derived from published and unpublished ABS data. For the period from 1974-75 to 1988-89, the deflators were unpublished ABS capital price indexes (specific to EGW) for the two capital types. From 1988-89 to 2009-10, capital prices were linked to movements in implicit price deflators for the two capital types derived from ABS estimates of gross fixed capital formation in EGW (by type of capital) in nominal and chain volume terms. These estimates were taken from ABS publication Cat. no. 5204.0 (2007-08 edition, table 64), for the period from 1988-89 to 2007-08, and from Cat. no. 5204.0 (2009-10 edition, table 64) for the period from 2007-08 to 2009-10. 
Starting capital stocks
The PIM, which has a starting year of 1974-75, also requires estimates of the opening stocks of the two capital types in each subdivision. Because of data limitations, subdivision estimates of opening capital stocks in 1974-75 were not directly available, and had to be derived from ABS division level data. The latter, closing net capital stocks in current price terms in 1973-74 for each of the two capital types, were sourced from ABS publication Cat. no. 5204.0, (2007-08 edition, table 63 — series identifiers A2423588K and A2423589L). Information previously provided to the Commission by the ABS on the WSSD share of EGW non-dwelling construction (NDC) capital stock in 1974-75 was used to prorate the EGW stock figure to directly estimate the stock of NDC capital in WSSD in the base year. As there was no information regarding how to allocate the remainder of the EGW NDC stock (that is, total EGW NDC stock less the derived WSSD component) among ES and GS, the allocation was based on ES and GS shares of total capital investment during the period from 1962 and 1975. That is, ES and GS shares of the non-WSSD component of NDC capital stock in 1974-75 were proxied by their respective shares of (total) capital investment in the period leading up to 1974-75. 
Subdivision stocks of machinery and equipment (M&E) capital in 1974-75 were derived by prorating the division estimate using the subdivision proportions of NDC capital stock. 
Adding the two capital types
Separate measures of capital capacity of M&E and NDC capital were estimated for each subdivision covering the period from 1974-75 to 2009-10. The two series were weighted together to form a composite measure of capital capacity for each subdivision using average user costs of capital (proxies for rental prices), where the user cost is defined, without time or subdivision subscripts, as:
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where p is the user cost of capital, q is the expected price of a unit of capital, r is the nominal rate of return, δ is the rate of depreciation and [image: image6.wmf]q
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 is the expected change in the price of the capital good over the period. In this framework, the expected user cost or rental price of a unit of capital for production in a period is equal to the depreciation in the value of the asset over the period due to its use in production, returns to management net of depreciation, less any revaluation of the nominal value of the asset due to inflation or other price changes.

The expected value is first approximated by reference to actual flows in any one year (that is, the ex post user cost). To avoid negative average relative user cost weights due to large annual fluctuations in the fortunes of utilities industries, the user costs were averaged over the period 1974-75 to 2009-10. This longer term averaging in turn, avoids measuring capital as a negative input to production when period-specific user costs are negative.
As noted above, labour and capital input shares in each subdivision are used to weight labour and capital inputs together (in the form of a Tornqvist index) for the calculation of multifactor productivity.
 Labour and capital input shares by subdivision are estimated as the share of wages, salaries and supplements, and gross operating surplus in gross value added, with all variables measured in nominal or current price terms (data sources are described in the next section). This estimation process is considerably simplified (and hence potentially less accurate) compared with the process used by the ABS to estimate factor shares at the division level. However, it is not expected that the differences in methodology will materially affect the results. A comparison of the average annual capital income share across the three subdivisions that were derived in this study with the EGW capital income share reported by the ABS (and used to derive the ABS estimate of MFP in EGW) shows comparatively small differences across time (figure A.1).
Other data sources

For the period from 1974-75 to 1989-90, nominal estimates of subdivision labour costs, gross output, intermediate inputs and industry value added (which are used in the derivation of labour and capital cost shares and capital rental prices) were available from subdivision input-output table data provided to the Commission by the ABS. The input-output table data were not available for all years during the period however, so values in some years were interpolated. (Note: input-output tables were available for the following years: 1974-75, 1977-78, 1978-79, 1979-80, 1980-81, 1981-82, 1982-83, 1983-84, 1986-87, 1989-90.)

Figure A.1
Capital share of total EGW income, 1974-75 to 2009-10
ABS estimate of EGW share compared with average of PC subdivision estimates
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Data sources: ABS (Experimental Estimates of Industry Multifactor Productivity, Australia: Detailed Productivity Estimates, 2007-08, Cat. no. 5260.0.55.002); authors’ estimates.
For ES and GS, estimates covering the period from 1989-90 to 2007-08 were obtained directly from ABS industry survey results, as reported in industry publications Cat. nos. 8208.0 and 8226.0. These results are based on ABS management unit data and reflect ANZSIC93 industry definitions. Values for 2008‑09 and 2009-10 were obtained by indexing forward the 2007-08 values using subdivision data reported by the ABS in Cat. no. 8155.0 (2009-10 edition) which are based on ANZSIC06 industry definitions.

For WSSD, survey results do not appear in ABS industry publications until 1995‑96. However, between 1989-90 and 1995-96 the ABS did publish nominal data for EGW as a whole (that is, for the sum of ES, GS and WSSD). Hence estimates for WSSD for this period were derived as the difference between EGW results and published estimates for ES and GS. 
A spreadsheet containing all of the components parts required to derive the subdivision MFP estimates (as per equations A1 to A4 above) is available from the authors on request. 

�	Note that this is a slightly simplified version of the ABS rental price calculation as it does not allow for any differences between the three subdivision in income tax rates (see ABS 2000, pp. 371-372). 


�	For more information regarding the calculation of Tornqvist indexes see ABS 2000, p. 371 or Gretton and Fisher 2007, p. D4.
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