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	Key points

	· Multifactor productivity (MFP) growth in Australia’s market sector has been considerably below average since 2003-04. Utilities (Electricity, Gas, Water and Waste services), have played a significant role in this, with MFP growth being strongly negative between 1997-98 and 2009-10 (MFP falling, on average, by 3.2 per cent per year).

· To better understand why, this study examined MFP at the subdivision level, with a particular focus on the two largest subdivisions — Electricity supply (ES), and Water supply, sewerage and drainage services (WSSD). MFP growth between 1997-98 and 2009-10 was negative for both ES (on average, -2.7 per cent per year) and WSSD (-4.3 per cent per year).

· Around half of the MFP decline in ES was due to an increase in the ratio of peak to average electricity demand, which lowered average rates of capacity utilisation. This was largely attributable to rapid growth in household use of airconditioners. 
· Three other contributors were: cyclical investment in lumpy capital assets, which temporarily increased inputs ahead of growth in output; a shift to greater undergrounding of electricity cabling, which raised costs and the quality of output, but not the volume of measured output; and policy induced shifts away from coal-fired power to higher-cost, but less polluting, sources of new supply.

· In WSSD, two developments contributed around 80 per cent of the decline in MFP after 1997-98. First, restrictions on water demand in response to widespread drought conditions led to lower measured output. Second, stricter sewage treatment standards increased industry costs, but there was no adjustment to measured output to account for the quality improvement.

· Two other contributing factors were cyclical investment patterns, and a shift to higher-cost sources of new water supplies, particularly desalination plants, to improve water security. 

· The negative influence on utilities MFP growth of two of these influences — the cyclical surge in new investment and the 2000s drought — is expected to be largely temporary. However, the remaining factors are structural, permanently raising input requirements in the industry (though in some cases bringing an increase in the quality of outputs).

· This study highlights some of the challenges involved in measuring and interpreting estimates of MFP growth in utilities. 
· A particular concern is the influence of changes in capacity utilisation arising from either cyclical investment patterns, or changes in the structure of electricity demand. 
· Also, government policies, regulatory settings and external shocks (especially the weather) can impact on the quantity or quality of measured output, and on the choice of production technology, thereby influencing estimates of MFP.  

	

	


Overview
According to the Australian Bureau of Statistics (ABS), multifactor productivity (MFP) growth in Australia’s market (non-government) sector has been well below average since the mid 2000s. This has led to a desire to better understand the driving forces behind the productivity changes, with a consequent focus on individual industries that have contributed significantly to the slowdown. 
Although many industries within the market sector have recorded comparatively poor MFP growth at times during the past decade or so, the utilities industry (Electricity, gas, water and waste services) stands out due to the extent and duration of its productivity decline (figure 1).

Figure 1
Multifactor productivity in the Market sector and in Electricity, gas, water and waste services (utilities),
1974-75 to 2009-10
Index 2008-09 = 100
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In the decade prior to 1997-98 MFP growth in the utilities industry was strongly positive, compared with the subsequent strongly negative MFP growth. The aim of this paper is to identify and, where possible quantify, the driving forces behind the observed trends in utilities MFP. This should assist further analysis and interpretation of movements in official productivity statistics, and inform the ongoing public debate and discussion on productivity outcomes and objectives. 
Inputs, output and multifactor productivity
The ABS defines MFP as the ratio of output (value added) to the combined inputs of labour and capital, with output and inputs being measured in volume or quantity terms. It is a measure of a producer’s ability to convert inputs into output.

MFP growth is defined as the difference in the growth of output and inputs. In theory, this reflects the rate at which new technologies and other innovations enable more output to be produced from the same quantity of inputs or equivalently the same output from less inputs. 

However, interpretation of MFP growth statistics is not straightforward. At the economy and industry level, measured MFP growth may be influenced by a wide range of factors. Examples include the impact of structural changes in response to relative price shifts, regulatory change, responses to competitive pressures, and the entry and exit of businesses. Imperfection in the measurement of outputs and inputs can also distort the picture. Variation in capacity utilisation, unmeasured changes in the quality of inputs and outputs, as well as random measurement errors may creep into the MFP growth estimates.

Impacts of these economic and measurement issues manifest themselves in different ways in the MFP statistics for different industries. Through examining the impact of these factors, this paper assists users of the statistics to better interpret and analyse the measured MFP growth in the utilities industry.  
Trends in utilities MFP

The period of strong positive MFP growth in utilities from the mid-1980s to the late 1990s was characterised by comparatively strong growth in output alongside a reduction in inputs (figure 2). In the subsequent period from 1997-98 to 2009-10, output growth continued but at a more subdued rate, while inputs grew strongly. Hence MFP growth was negative during this period.

Figure 2
Electricity, gas, water and waste services: Inputs, output and multifactor productivity, 1985-86 to 2009-10
Index 2008-09 = 100
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A key piece of the MFP puzzle in utilities, therefore, is to analyse the individual factors contributing to changes over time in input (and, less so, output) growth rates. To explore this issue, estimates were made of inputs, outputs and MFP within three of the four utilities subdivisions. The subdivision MFP estimates were derived using data and a methodology that was as consistent as possible with the approach used by the ABS to generate estimates of MFP in utilities as a whole.
Subdivision MFP estimates

The three subdivisions for which MFP growth was estimated were: 
· Electricity supply (ES)
· Water supply, sewerage and drainage services (WSSD)
· Gas supply (GS). 
Due to a lack of data, MFP estimates were not able to be produced for the fourth subdivision — Waste services. However, ABS data shows that the Waste services subdivision had only a small impact on the underlying developments and trends in utilities MFP. 
The subdivision MFP estimates were generated over a longer time frame (1974-75 to 2009-10) than the ABS estimates for the division as a whole (only available from 1985-86 onwards). This allowed for a more detailed assessment of the influences at work.

Two subdivisions — ES and WSSD — account for the vast majority of output and capital investment in utilities, and are most influential in the growth of utilities MFP (figure 3). Hence they are the focus of this study. 

Figure 3
Electricity, gas, water and waste services: output and capital investment shares in 2009-10
Percentage share
	Output (Industry value added)
	Capital investment (Gross fixed capital formation)
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While estimates of MFP in GS were also produced, they have not been analysed in as much detail for two reasons. First, GS represents only a small part of utilities, and hence has little impact on MFP results for the division as a whole. But more importantly, data and measurement issues are of significantly greater concern for GS, and cause uncertainty in the interpretation of measured MFP. For example, the industry classification system used by the ABS to define GS only covers gas distribution and retail activities, and excludes gas production and transmission activities. More information regarding the difficulties in measuring and interpreting MFP in this subdivision is contained in chapter 6.

MFP in the Electricity subdivision

The MFP estimates for ES represent the combined productivity performance across the four sub-groups:

· electricity generation
· electricity transmission
· electricity distribution
· on selling electricity and electricity market operation. 
Between 1974-75 and 2009-10, MFP growth in ES averaged around 1.2 per cent per year, but there were three distinct phases: an early period of moderate MFP growth; a middle period of strong positive MFP growth; and a period of strong negative MFP growth since 1998 (figure 4). Given the relative size of ES, this was the major reason for the decline in productivity in the utilities division as a whole from 1997‑98 onwards.
Figure 4
Electricity supply: inputs, output and multifactor productivity, 1974-75 to 2009-10
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The middle period of strong positive MFP growth in ES was mainly due to two factors. First, structural reforms allowed ES to use existing labour more efficiently and reduce labour inputs.
Second, unmeasured increases in capital utilisation meant that output grew with only minimal additions to new supply capacity. In essence, an overhang of generation and network capacity at the beginning of the period, which was due to excessive investment in supply capacity in the previous period, allowed an increase in the average rate of utilisation of capital capacity, and this contributed to strong, positive MFP growth. 

Negative MFP growth in ES after 1997-98 was a result of a number of factors, including: growing relative peak demand for electricity during summer which led to further capacity investment but which lowered average capacity utilisation; a shift to higher cost underground electricity cabling; and a move away from large coal-fired power stations towards generally higher cost gas-fired power and renewable energy sources. In more recent years, a cyclical pattern of investment associated with replacing ageing network infrastructure assets may have added further (albeit temporary) downward pressure. 

In the past decade, the more widespread use of residential air-conditioning in summer required substantial investment in generation and network infrastructure to meet the peak demand. As peak (maximum) daily electricity consumption grew more rapidly than average daily electricity consumption, this drove down average rates of capital utilisation, and put downward pressure on MFP. Although difficult to estimate with precision, these factors explained around one-half of the decline in the level of MFP in ES between 1997-98 and 2009-10. 

There has also been a shift to higher cost underground electricity cabling since the late 1990s. This was largely driven by policy changes aimed at reducing some of the perceived disadvantages of overhead power lines. Although there were benefits from greater use of undergrounding that flowed to both electricity distributers and the broader community, the effect has been to lower measured MFP growth of the subdivision. This is because the quality benefits of undergrounding are not reflected in the ABS estimates of subdivision output, while the additional costs of undergrounding are included in inputs. Similarly, improvements in the reliability of electricity supply — particularly those in response to changes in regulatory standards and operating conditions — generally required more inputs to achieve, but did not show up as an increase in the volume of output. 

In relation to changes in the technology of supply, a move away from coal-fired power during the period towards higher cost gas-fired power and renewable energy sources contributed to lower MFP in ES, albeit with the expectation that future economic losses (due to climate change) will be mitigated.

A final factor was the augmentation and renewal of electricity supply infrastructure. While some of the recent augmentation was due to the effects of growing relative peak demand, some also appears to reflect cyclical patterns of investment, in which periods of slow investment growth are followed by periods of rapid growth to replace ageing assets. An increase in the rate of investment in lumpy capital assets put temporary downward pressure on MFP in recent years. 
However, whether all of the new investments were economically efficient is a more complex issue. Some commentators have claimed that growth in peak demand could have been better addressed through demand management, and that a significant amount of the new investment in recent years was premature or unnecessary. Were that true, the recorded MFP decline would largely represent genuine inefficiency. This has been strongly debated by regulators, users and suppliers. Any judgment on the matter is outside the scope of this study, though it is being considered as part of a Productivity Commission inquiry into benchmarking of electricity networks (due to report in April 2013).
Collectively, these four factors have increased input requirements per unit of measured output in utilities since the late 1990s, driving down MFP. 
Operating in the opposite direction was the introduction of the National Energy Market (NEM). Interregional trade in electricity is now a feature of the eastern Australian electricity market, and has assisted the industry to respond to the challenges of growing peak demand and the consequences of reduced hydro-electricity production due to drought. In essence, the NEM should have boosted productivity levels in electricity supply by allowing more efficient use of generation and network capacity. 
MFP growth in the Water supply, sewerage and drainage services subdivision

The major activities in the Water supply, sewerage and drainage (WSSD) subdivision are:

· urban water storage, treatment and distribution

· the collection, treatment and disposal of waste through sewer systems and sewage treatment facilities.
Multifactor productivity growth in WSSD was estimated to have been low on average, and variable over the longer term. There was a period of strong positive growth from the mid-1980s to the late 1990s (figure 5). Since then, however, annual productivity growth in the subdivision has generally been negative. 

Figure 5
Water supply, sewerage and drainage services: inputs, output and multifactor productivity, 1974-75 to 2009-10
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Like ES, MFP growth in WSSD from the mid 1970s onwards was characterised by three reasonably distinct phases: an early period of comparatively flat MFP growth; a middle period of strong positive MFP growth; and a more recent period of mostly negative MFP growth. Closer examination of movements in inputs and outputs in figure 5 indicates that the difference between the first two MFP phases was largely due to a marked reduction in inputs, while there was ongoing growth in outputs. In contrast, the recent period of negative MFP growth in WSSD was a consequence of both a rapid growth of inputs, and low or negative measured output growth. 

Supply capacity built in the first phase (that is, during the period from the mid‑1970s to the mid-1980s) caused measured inputs to rise at a rate that was broadly commensurate with growth in outputs. Hence MFP growth was comparatively weak. From the mid-1980s to the late-1990s, investment in new capital assets fell sharply, and labour inputs were cut as water utilities responded to structural and competition reforms. Output was able to continue growing during this phase on the back of pre-existing supply capacity. With positive output growth and negative input growth, measured productivity growth during the phase was particularly strong.

The negative MFP phase in WSSD that began in the late 1990s was due to some influences that are likely to be largely temporary in nature, but also to influences that are likely to have permanently reduced the level of productivity in the subdivision.

Two factors may ultimately prove to have only a temporary effect. First, measured output in WSSD (which is partly determined by the quantities of urban and irrigation water consumed each year) was negatively affected by drought during much of the early 2000s. This tended to result in lower measured MFP. If aggregate urban and rural water consumption responds to increased water availability over the next few years (due to both improved rainfall and dam inflows combined with newly established supply capacity), measured output could rise quite quickly relative to measured inputs. This would tend to boost future measured MFP growth. However, future water consumption may not revert to historical levels quickly even after the supply constraints have been resolved, reflecting the impact of water saving initiatives on people’s attitudes to water use. Should this be the case, the recovery in MFP may take longer.
Second, an industry-wide surge in new urban water supply capacity underway from the mid-2000s until 2009-10 had a significant impact on measured inputs, but little impact on output as the majority of new supply projects (and their related network infrastructure) were not completed during the period. The surge in new investment temporarily drove down measured productivity. However, with new supply capacity now largely in place and expected to be more than adequate to meet demand growth into the medium term, measured input growth in the subdivision is likely to decline. Slower input growth will (all else equal) tend to result in faster MFP growth.
Whether WSSD can regain all of the productivity losses recorded since the late 1990s is a separate question. One of the factors that is likely to have permanently reduced the level of productivity in the subdivision has been a fundamental technology shift away from rain-fed dams towards the use of desalination and water recycling as the primary sources of new urban water supplies. In general, the latter two are high cost sources of supply compared to existing rain-fed dams. In this respect, a recent Productivity Commission inquiry into the urban water sector found that there were cheaper ways to augment water supplies than desalination plants. The implication is that MFP growth in WSSD was lower than it might have been, had the least cost supply augmentation options been chosen first.
Stricter environmental standards and regulations in relation to the treatment and disposal of sewage and waste water also resulted in a significant increase in capital and labour inputs. However, the benefits of the improved standards were not reflected in measured output — in effect, the quality of output was improved, but not the measured quantity — and the net effect on measured MFP of this development was negative. This is an area where an improvement in the measurement of output is desirable.
Explaining trends in utilities MFP

The broad trends in MFP illustrated in figure 1 largely reflect MFP trends in ES, the largest subdivision. Coincidentally, MFP trends in the next largest subdivision, WSSD, have been very similar to those in ES over the longer term. In this sense, the MFP results for both ES and WSSD are mutually reinforcing when it comes to explaining MFP changes in utilities as a whole, and the strongly negative growth in MFP since the late 1990s in particular. Measured MFP growth in GS had little impact on utilities MFP overall.
The factors identified in this study as impacting on MFP estimates in both ES and WSSD can be broadly summarised into the following four categories:

1. Cyclical investment 
2. Output measurement 

3. Shifts to higher cost technologies 

4. Unmeasured quality improvements. 

In general, strong cyclical investment patterns are common in utilities, and unmeasured changes in the utilisation of lumpy capital assets can show up as changes in measured MFP. While this factor has the potential to influence the variability of MFP estimates in utilities from time to time, its net effect over the longer term would ordinarily be minimal. However, to the extent that some investments are not efficient, then the impact on MFP may be more enduring.  
Empirical challenges associated with measuring the volume of output in both major subdivisions also partly explain lower measured productivity in this industry since the late 1990s. In the case of WSSD, the adverse effect on MFP resulting from the way output is measured (using the quantity of water supplied during periods of drought, particularly when water restrictions are in place) is, however, likely to be only temporary. In contrast, the on-going impact on utilities MFP of the output measurement issue identified in ES (measuring changes in average, rather than peak, power consumption) is much harder to predict. For example, a further increase in relative peak demand cannot be ruled out, and to the extent this happens, there would be additional downward pressure on measured MFP growth in the division. Alternatively, if the ratio of peak to average demand could be reduced by, for example, the wider use of demand management, this would tend to have a positive impact on measured MFP growth. 
Technological changes in response to environmental factors and policy requirements altered the production landscapes in both ES and WSSD from the late 1990s. The changes led to the introduction of higher cost sources of new supply in utilities, although they are expected to generate improved environmental outcomes. The adverse effects on measured productivity represent permanent increases in input requirements per unit of output. Looking ahead, continued shifts away from coal-fired power and rain-fed dams would tend to reduce further the measured level of MFP in utilities relative to what it might otherwise be.
Finally, unmeasured quality improvements in utilities output during the past 10 to 15 years increased average costs of production without any adjustment to measured output to reflect the quality change. The negative effects on measured productivity of the quality improvements again reflect structural changes to operating environments in utilities, and represent real increases in the quantity of inputs required to produce output. Further tightening or strengthening of standards and regulations that increase production costs will continue to show up as reductions in measured MFP as long as associated quality changes are not reflected in measured output.
While some of the empirical and conceptual issues surrounding the measurement of productivity in utilities have been explored in detail in this study, there is scope for further investigation. In particular, more effort is required on the issues of capital utilisation and output measurement in utilities.
More broadly, this study has highlighted the need for caution when trying to interpret the causes of MFP change at the industry level. Detailed studies of industry productivity can help to better understand the nature and significance of the forces behind changes in official MFP statistics.
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