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This appendix provides details of the methodology used to decompose gross domestic income (GDI) per person into its various components. The decomposition provides a formal framework to examine the links between productivity, labour market and demographic changes, on the one hand, and growth in average living standards, on the other.
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 SEQ Heading2 1
Phases of growth

Figure 
B.1 shows trends in Australia’s gross domestic income per person. The series is drawn on a log scale to help identify shifts in trends. (A straight line on a log scale depicts a constant rate of growth.) There is clearly a change in trend in 1973-74, after which GDI per person slowed.

Whilst growth in GDI per person clearly accelerates in the 1990s, identifying a breakpoint from the slower growth of the 1970s and 1980s is not straightforward. There was an acceleration in the latter part of the 1980s. But it was not sustained. Many of the additional gains from faster growth in the latter part of the 1980s were reversed in the early 1990s recession. Taking a breakpoint at the end of the 1980s expansion (1989-90) would exaggerate the extent of sustained growth in the 1970s and 1980s and understate the extent of growth in the 1990s. Taking the breakpoint to be 1990-91, could result in an unduly favourable impression of the strength of underlying growth in the 1990s, given that 1990-91 was at the trough of a recession.

Figure 
B.2 shows an actual and trend series for Australia’s GDI per person. The trend series was formed with a Hodrick-Prescott filter and is used to help identify a breakpoint between the 1980s and 1990s. First, the turning point in the trend series is 1990-91. Second, the actual data point at 1990-91 is very close to the trend series, and a growth rate based on actual data in the 1990s is close to the growth rate based on trends (table 3.1 in chapter 3). (Growth rates based on actual data are needed to undertake the decomposition.)

Figure B
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Real gross domestic income per persona, 1959-60 to 1998-99

1989-90 dollars (log scale)
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a(Trend lines are fitted for the periods 1959-60 to 1973-74, 1973-74 to 1990-91 and 1990-91 to 1998-99.

Data source: PC estimates based on ABS data.

Figure B
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Real gross domestic income per persona, 1959-60 to 1998-99

1989-90 dollars
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a The trend line is based on the Hodrick-Prescott filter (
[image: image3.wmf]λ

 = 100).

Data source: PC estimates based on ABS data. 

Figure 
B.2 makes it even clearer that 1991-92, rather than 1990-91, is the trough in GDI per person and choosing this year as a breakpoint would exaggerate the upswing in the 1990s. Selecting 1989-90 as the breakpoint would have the difficulties outlined before. Out of the three possibilities (1989-90, 1990-91 and 1991-92), 1990-91 is a compromise, but provides the closest estimates to underlying trends. 
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The decomposition methodology

A mathematical framework for decomposing changes in average incomes was presented in Assessing Australia’s Productivity Performance (IC 1997a, appendix B). It is a framework prepared by Professor Steve Dowrick for that report.

The framework involves three steps. The first step involves production relationships between inputs and output. An aggregate production function is expressed in the form Y = Mf(K,H), where Y is real output (GDP), K and H are capital input and labour hours, and M is a measure of multifactor productivity (MFP). Assuming a Cobb-Douglas production function with constant returns to scale and factors of production paid according to their marginal products, the production function can be written as: 
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which in terms of proportional growth rates, becomes:
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This says that the growth in labour productivity (
[image: image6.wmf]l

y

&

) is equal to the growth in the capital-labour ratio (
[image: image7.wmf]l

k

&

) multiplied by capital’s share of income (α) plus MFP growth (
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The second step is to link output per person to labour productivity, labour force and demographic change. Output per person, (Y/P) can be written as:

Y/P = (Y/H). (H/P)

where, as before, (Y/H) is labour productivity, and (H/P) represents hours per person. Denoting the working age population as Pw, the number in the labour force as W, and the number of people employed as L, the identity becomes:

Y/P = (Y/H).(Pw/P).(W/Pw).(H/L).(L/W)

By denoting the unemployment rate as u = (W-L)/W, this identity can be written in proportional growth terms:
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That is, the growth rate of output per person (
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) is equal to the sum of the growth rates of labour productivity (
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The third step is to link output per person to real income per person through a welfare specification. Real income per person can be defined in terms of the utility function of a representative consumer, which is defined in terms of consumption of both domestically produced and imported goods and services. Imports are exchanged for exports and the relative price of imports to exports is defined as the terms of trade (T). Maximising the consumer’s utility, subject to budget constraints (assuming a Cobb-Douglas utility function), and substituting the optimal values into the utility function of the representative consumer, gives a measure of real average income. The resulting equation can be differentiated to give the growth rate of real income per person (
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) which is equal to the growth of real output per head (
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Finally, combining equations (1), (2) and (3) gives the full decomposition of income per head:
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To summarise
, growth in real income per person (
[image: image22.wmf]i
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) is equal to:
(1)

· growth in multifactor productivity (
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);
(13)

· plus the growth in the capital-labour ratio multiplied by the capital share of income (
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);
(12)

· plus the rate of demographic change (growth in the proportion of population of working age, 
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(4)

· plus the growth in labour force participation (
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(5)

· plus the rate of growth of average hours of work (
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);
(7)

· plus the import share multiplied by the growth in the terms of trade (
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);
(2)

· less the change in the unemployment rate (
[image: image29.wmf]u
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).
(6)
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 SEQ Heading2 3
Implementation of the decomposition

The decomposition of GDI per person is intended to be implemented .at the economywide level. However, not all data can be measured at the economywide level. Productivity data are only available for the market sector. To preserve the integrity of the decomposition, an adjustment is included to allow for any divergence in growth of output and hours worked between the market sector and the total economy. The relationship between growth in labour productivity and growth in MFP and capital deepening then holds for the market sector. There are also relatively minor approximation errors involved in the implementation of this framework. 

Reconciliation

The decomposition introduces data for all variables rather than summing them to get aggregate variables. This means that small approximation errors may occur. Table 
B.1 shows the differences between the summation of individual variables and their actual measurement for each stage of the decomposition. The results confirm that for each stage (bold variables) there are only minor approximation errors.

Table B
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Decomposition of changes in growth in real domestic income per person, 1990-91 to 1998-99

Per cent per year

	
	Actual
	Components
	Summation
	Difference

	Sum of:
	
	
	
	

	1.
Capital deepeninga
	1.40
	
	
	

	2.
Multifactor productivity
	1.53
	
	
	

	equals:
	
	
	
	

	3.
Market sector labour 

  productivity growth
	
2.94
	
1+2
	
2.93
	
0.01

	plus:
	
	
	
	

	4.
Economywide/market sector 

  output
	
0.18
	
	
	

	5.
Economywide/market sector 

  hours worked 
(negative of)
	
-0.68
	
	
	

	equals:
	
	
	
	

	6.
Growth in GDP per hour
	2.42
	3+4+5
	2.44
	-0.02

	plus:
	
	
	
	

	7.
Demographic profile
	-0.09
	
	
	

	8.
Participation rate
	0.34
	
	
	

	9.
Unemploymentb
	-0.28
	
	
	

	10.
Average hours
	-0.19
	
	
	

	equals:
	
	
	
	

	11.
Growth in GDP per 
person
	2.58
	6+7+8+9+10
	2.57
	0.00

	plus:
	
	
	
	

	12.
Terms of tradec
	-0.13
	
	
	

	equals:
	
	
	
	

	13.
Growth in GDI per person
	2.46
	11+12
	2.44
	0.02


a( Capital deepening is the growth in the capital labour ratio multiplied by capital’s share of income. b This is not the unemployment rate. It is actually (1 – u). Therefore a negative number actually implies an increase in unemployment. c The terms of trade is multiplied by the import share of domestic consumption.

Source: PC estimates. 

Non-market sector

The non-market sector includes Property and business services, Government administration and defence, Education, Health and community services, and Personal and other services. Tables 
B.2 and 
B.3 provide information on gross value added and total hours worked, for selected years. Growth in hours worked in the non-market sector (2.9 per cent per year compared with 0.6 per cent per year for the market sector) explains the discrepancies between the economywide growth in GDP per hour and growth in market sector labour productivity. The majority of this growth in hours worked in the non-market sector occurred in the Property and business services sector.

Table B
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Gross value added and hours worked for the non-market sector industries and the market sector

1997-98 dollars

	
	Gross value added
	
	Hours worked

	Industry
	1990-91
	1998-99
	
	1990-91
	1998-99

	
	$b
	$b
	million hours/year
	million hours/year

	Property and 
  business services
	
39
	
60
	
1 148
	
1 808

	Government admin. 
  and defence
	
19
	
23
	
651
	
618

	Education
	22
	27
	929
	1 070

	Health and community
  services
	
27
	
33
	
1 103
	
1 319

	Personal and other 
  services
	
11
	
13
	
470
	
594

	Total non-market 
  sector
	
118
	
155
	
4 300
	
5 409

	
	
	
	
	

	Market sector
	255
	338
	10 129
	10 654


Sources: ABS (Australian System of National Accounts, Cat. no. 5204.0; ABS Labour Force Statistics database on EconData. 

Table B
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Growth in gross value added and hours worked, by industry, 1990-91 to 1998-99

Per cent per year

	Industry
	Gross value added
	Hours worked

	Property and business services
	5.3
	5.8

	Government administration and defence
	2.2
	-0.7

	Education
	2.6
	1.8

	Health and community services
	2.7
	2.3

	Personal and other services
	2.5
	3.0

	Total non-market sector
	3.5
	2.9

	
	
	

	Market sector
	3.6
	0.6


Source: PC estimates.

� The bracketed numbers correspond to the components in table B.1.
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