	
	


	
	



A
Calculating industry contributions
The ABS does not calculate market sector MFP from estimates of industry MFP. Rather, it forms separate indexes of market sector output, total inputs, capital services and hours worked, from which it then forms the market sector MFP estimates.

Moreover, it is not possible to reproduce accurately the market sector MFP estimates from an aggregation of the ABS industry MFP estimates. This is because the ABS uses different methods of aggregation to form the aggregate output and input indexes. And so, there is an ‘aggregation problem’ in attempting to aggregate industry MFP estimates to the market sector with a single aggregation function. Similarly, market sector MFP growth cannot be attributed to individual industries with precision or consistency.
Consequently, the essence of the ABS aggregation method has been followed in this paper in order to provide more accurate estimates of industry contributions to market sector MFP growth, as published by the ABS.

Another problem that plagues the estimation of industry contributions to aggregate productivity growth over periods such as productivity cycles is about the selection of industry weights — base-period weights, end-period or some average? Whatever the choice, there are inevitable approximation errors between the sum of the industry contributions and the growth in aggregate MFP. Approximation errors have been exacerbated in more recent years by the use of chain volume measures in the data. These effectively update industry weights in aggregate series every year. Growth in chain-volume industry series cannot be aggregated to the corresponding chain-volume market-sector series 
The method developed in this appendix also solves these problems. 
A.

 SEQ Heading2 1
Input growth 
Total input use is constructed from separate aggregate indexes of capital use and labour use.
Capital use

According to ABS methods, market sector capital services is a Tornqvist aggregation of industry capital services. This is written as:


(A1)
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Where K is an index of capital services, the subscript i refers to industry and MS to the market sector, and the superscript t refers to a specific year. The geometric weight, wK, is an average of capital income shares:
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where sK is the share that an industry takes in total market sector capital income. The ABS provided unpublished data on industry shares of capital income.
(A1) defines growth in market sector capital services over one year (between t-1 and t) in terms of growth in industry capital services.
Growth over several years, say a three year period, can be defined as follows:

(A2)
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Equation (A1) can be substituted in for each of the terms on the right hand side of (A2). Because (A2) is multiplicative, terms for each industry can be gathered, so that the contribution of industry i to growth in market sector capital services over the three years would be:


(A3) 
Contribution of industry i  =  [image: image8.png]


.
The growth in market sector capital services is the product of all industry contributions.

The industry contributions can also be expressed in log form. Equation (A1) becomes:
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or,


(A4)
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where kt(1) is the growth in capital services over one year to t.

Using (A2) and then (A4), growth over a three-year period can be written:
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(A5)
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The contribution of industry i to market-sector growth is:


(A6)
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That is, an industry’s contribution over three years is the accumulation of its contribution in each of the three years. Whilst this seems totally obvious, it has an important implication. It means that all the share information for individual years is used in calculating industry contributions. This avoids approximation errors that would come from the common and simpler approach of using base-year shares, end-year shares or an average of base-and end-year shares.

Dividing (A5) by 3 (and multiplying by 100) gives the per cent average annual rate of growth over the three-year period. Dividing (A6) by 3 (and multiplying by 100) gives the percentage point contribution of industry i.

Approximation errors
Calculated industry contributions to market-sector capital growth (table 3.2) and industry capital contributions to aggregate MFP growth (table 3.6) accorded very closely with estimates based on aggregate data.
Labour use

A similar approach can be implemented for hours worked. The equivalent of (A1) is:

(A7)
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where L refers to hours worked and
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.
In this case, however, the sL shares are not industry shares in labour income, but are industry shares in total hours worked. These shares are used to give a closer approximation to the ABS procedure of forming an aggregate hours worked index from the sum of hours worked in each industry. The use of shares in hours worked, rather than in labour income, implicitly assumes that the marginal product of an hour worked is equal across industries. This assumption is also implicit in the ABS procedure of adding hours worked in different industries. The (A7) form of aggregation is used here in order to preserve a basic consistency with the aggregation approach used elsewhere. This enables the construction of contributions tables (chapter 3) in which industry contributions are completely additive.
The industry shares in hours worked were calculated from Labour Force Survey data provided by the ABS. They reflect some adjustments the ABS makes to hours worked and their industry distribution for entry into the productivity accounts (see ABS Concepts, Sources and Methods, Cat. no. 5216.0).
Growth in labour use over a year can be written in the equivalent to (A4) as:


(A8)
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Growth over a three-year period in market-sector hours worked can be written in an equivalent to (A5) as:

(A9)
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and the contribution of industry i to that growth can be written in the equivalent to (A6) as:


(A10)
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Again, these can be divided by the number of years to provide annualised growth rates and industry contributions.

Approximation errors

Calculated industry contributions to market-sector hours worked growth (table 3.3) and industry labour contributions to aggregate MFP growth (table 3.6) accorded very closely with estimates based on aggregate data.

Total inputs

The index of total input use is a Tornqvist aggregation of the indexes of capital use and labour use. That is:

(A11)
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where wK and wL are respectively the capital and labour weights, based on shares in total factor income generated in the market sector:



[image: image32.png]Kt
MS

st sl



  and [image: image34.png]1
Wis.




(A1) and (A7) can then be substituted into (A11) to express growth in market sector total input use in terms of contributions from individual industries.

Going via logs, (A11) can be written as:

(A12)
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which, using (A4) and (A8), becomes:


(A13)


[image: image38.png]+
WD = e T ke fED |l 3l £





The contribution of industry i to the growth in market sector total input use is:


(A14)
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(A14) expresses the industry contribution as a combination of a capital component and a labour component.

Growth over a number of years can be expressed in the same manner as set out separately above for capital and for labour. These expressions also identify the industry contributions to growth over a period of years.
Approximation errors

With no appreciable approximation errors in capital and labour, there are similarly no appreciable approximation errors in total inputs tables 3.1 and 3.6.
A.

 SEQ Heading2 2
Output growth

The same format is used for output.


(A15)
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where Y refers to value added and
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where sY refers to shares in current price output.

The geometric weight is set equal to the base period output share to replicate the ABS practice of using a Laspeyres index to aggregate outputs. The current price output shares were derived by the author from National Accounts data (ABS Cat. No. 5204.0)
With this formulation, now familiar relationships in terms of industry growth and industry contributions fall out.


(A16)
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The contribution of industry i to this growth in market sector output is [image: image48.png]e
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Market sector growth over a three-year period is:


(A17)
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and the contribution of industry i to that growth is:


(A18)
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Approximation errors

Table 3.4 indicates discernible approximation errors, especially in regard to the first productivity cycle. Examination of annual approximations suggests that there may be a greater problem specifically in the 1993-94 year than in other years around that time.
There was insufficient time to track down the sources of the errors. The fact that the errors were greater in earlier periods and before 1994-95 may have something to do with the greater consistency that has been provided by supply-use tables from 1994‑95. 
A.

 SEQ Heading2 3
MFP growth

MFP is calculated as the ratio of the output index to the index of total input use. MFP growth can be expressed in the format used for the input and output components in this appendix.


(A19)
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(A15) and (A11) can then be used to express the right-hand-side in terms of industry growth in output and inputs.

Similarly, (A19) can be expressed as:


(A20)
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or, using (A16) and (A13):

(A21)
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and the contribution of industry i is:


(A22)
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Market sector MFP growth over a three-year period is the accumulation of (A21) over three years:


(A23)
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The contribution of industry i to the three year growth is (A22) plus (A22) implemented for t-1, plus (A22) implemented for t-2.

Approximation errors

The approximation errors in output carry over into approximation errors in MFP (table 3.5). 
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