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APPENDIX 3 : CALCULATION OF VARIANCES IN INCOME PER HOUR

The asymptotic variance of a ratio of two random variables

is developed as follows (Goldberger, p. 124).

If Yy = mhm-@u 3
then
2 oyt
as.var{y) = q< = j'Ej
where
u.. - lw.M. WN.
da 9b
o2 o
a ab
o a,m
ab b
In the case y = a/b s
2 _ (o V. ra)t . 2
° = Tm QL * Tc.aL Yl % %w 3
and, since
%ab = Pap " % %
(where pgp = correlation coefficient between 2 § b ) ,
then

3a ab da

b

2 2
qw = ﬁw&.,amw + ?N.qL + Now.c Mw.ﬁdqmw MW.N

w).
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and Electrical
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Protective Services
Production § Process
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Labourers

Farmers
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Officers

Other Ranks

Other (n.e.c.)
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Appendix 1 (contd)

IMPACT Major Groups

Parham/Ryland Groups.

Semi-skilled and

8, Unskilled Blue
Collar

9. Rural Workers

10. Armed Services

11. Other

Unskilled Blue

5 Collar

6. Other

ABS LABOUR FORCE SURVEY AND INCOME DISTRIBUTION

SURVEY DATA : PRELIMINARY ANALYSIS

by Dean Parham & G.J. wwwm:m*

1. INTRODUCTION

There are very few Australian studies of the occupation and

industry specific components in the variability of labour market character-

R . 1 . A
istics such as hours worked and earned income.” A major factor in

explaining this scant attention is the lack of a data base suitably

disaggregated by industry and occupation. However, as part of its parti-
cipation in the IMPACT Project, the Australian Bureau of Statistics (ABS)
has processed additional unpublished data from its Labour Force Surveys in

a form suitable for subsequent analysis. These data provide information on,

inter alia, an industry by occupation disaggregation of earned income,

hours worked and numbers of persons employed. It is on this subset of the

data that the investigation in this paper is focused.

It should be emphasized from the outset that we are using the
results of the Labour Force Surveys for a purpose for which they were not
primarily designed. Rather than focusing mainly on labour force
characteristics at the industry by occupation level of disaggregation,
the surveys are intended to serve multiple purposes. Among these

objectives are the analyses of the distribution of income, workforce

participation rates and hours worked according to age,

With the usual caveat regarding responsibility for omissions and errors, we
thank Alan Powell for his encouragement and advice and Bill Pattinson,
Andrew Bertie and Ashok Tulpulé for providing information on the ABS Surveys.

1. The only studies of which we are aware are analyses of occupational
award wage rates (Hancock and Moore (1972)) and of industrial earnings
(Kmenta (1963), Hancock § Hughes (1973)).
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34.

Variances were also used in weighted regression analysis,
conducted to identify the relative contribution of occupation and
industry effects in explaining variability in labour force character-
istics. onmcvmﬁwon and industry effects accounted for little variation
in hours per person, but, to the extent that variation was explained,
the results attributed a greater importance to the industry effect.
However, the occupation effect was clearly dominant in analyses of
income per person and income per hour. This last result offers support
to the IMPACT vesearch strategy in which wages are treated as occupation

(rather than as industry) specific.

2. DESCRIPTION OF THE SURVEY DATA

Sample Design

Data on hours worked and income earned were generated from
ABS survey information. As part of the Population Survey, the ABS conducts
a regular Labour Force Survey (LFS), which is designed primarily to extract

information on the employment status (employed, unemployed, not in the work-

force) of the population. In addition, the ABS rmm,mwwmdmom irregularly an
Income Distribution Survey (IDS), as a supplement to the LFS. The primary
focus of the IDS is on the levels and sources of income. The LFS provides

distributions of the workforce according to age, sex, marital status, full-
time/part-time employment status, birthplace, hours worked, industry and
occupation. The IDS collects additional information on income distributions

according to educational attainment, age, sex, marital status, etc..

The surveys relate to the civilian population of Australia, aged
fifteen years or over. The LFS, with a sample which covers approximately
one per cent of the @ovsumﬂwouvw is conducted at quarterly wwnwﬂ<mwm.w The
IDS is a sub-set of the LFS and has a sample size approximately half that of

the LFS. The IDS is an infrequent survey, and, to date, has been conducted

only in conjunction with the November LFS's of 1969 and 1974.

The primary sampling unit of the surveys is the household. In
the selection of households, the sample is first grouped into private dwellings
and special dwellings (e.g., hotels, hospitals, etc.). The sample is further
stratified according to the area (State and region), and age and sex of
occupants. In general, sampling is random up to the stage of selecting
Census Collectors' Districts (CDs), but, within CDs, selections of households

are clustered.

1. A major redesign of the LFS was phased in over 1972. Amongst changes made
was the reduction of the sample size to two thirds of one per cent.

2. From February, 1978, the LFS has been conducted monthly.
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32.

We also analysed occupation and industry effects on hourly
income. The income per hour variable was constructed as the ratio of
wages per person to hours per person. Thus the previously discussed
mismatching of income and hours and the mismatching of numbers of

persons from the two data sources, are inherent in this variable.

For the sake of completeness we include weighted regression
results for income per hour. However, we are more tentative in presenting
these results as the calculation of the variances in income per hour,

detailed in Appendix 3, involves further approximations.

The results of the income per hour analysis (Tables 12 and
13) clearly attribute dominance to the occupation effect. This is in
spite of the fact that only five occupations (versus 23 industries) are
distinguished in the analysis. The mw for the occupation only regressions
are 0.42 (and 0.48) in 1968/69 and 0.39 (and 0.43) in 1973/74, whereas

the corresponding values for the industry only regressions are 0.03 (0.13)

and 0.07 (0.12).

Income from wages or salary is defined as gross income
(including overtime, bonuses, gratuities, etc.) before

taxation and other deductions are made.

Other sources of income differentiated in the IDS include

government social service benefit; superannuation; interest, dividends,

rents, etc.; other (e.g., trust or will, maintenance or alimony).

Data supplied to IMPACT

The ABS has prepared special tabulations of the two

IDSs, relating respectively to earned income received in 1968/69 and

in 1973/74. In the case of the LFS, special tabulations of the May

survey in each calendar year from 1968 to 1974 were prepared, with

two exceptions. First, the 1968 tabulation refers to the August survey,

and second, no 1969 tabulation is available.

The tabulations provide information on the number of persons

employed, number of hours worked and number of people in each of 13

income ranges. The distribution of these variables according to age,

sex, marital status, birthplace, and dindustry and occupation of

employment is also provided. The variables are grouped into 25 IMPACT

industry classifications and 27 IMPACT occupation classifications.

1

Because of the fine level of disaggregation, population

estimates in many individual cells are small. The ABS has determined that any

(mon-zero) population estimate of 500 persons or less is to be considered

1.

Occupation and industry classifications are given in Appendices 1
and 2 respectively.
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TABLE 10 : REGRESSION RESULTS

30.

; WEEKLY HOURS PER PERSON (1968)

CONST 0ce IND R2 8.E.
32.52 0.1562 -0.0021  6.881
(4.893)  (0.8693)
25.81 0.3368 0.0356 .75
UNKEIGHTED (4.694) (2.281)
20.06 0.1562  0.3368 0.0337  6.757
(2.356)  (0.885)  (2.279)
31.92 0.1804 20.002  92.41
(14.76 (3.088)
3.949 0.9035 0.036 64.46
WEIGHTED (1.343) (11.78)
-5.965 0.2273  0.9434 0.032 55.21
(-2.024)  (6.483) (14.3)

TABLE 11 : REGRESSION RESULTS :

WEEKLY HOURS PER PERSON (1973/74)

3. COMMENTS ON THE SURVEY DESIGN

In this section and the next, we examine the reliability of
the LFS and IDS in providing a data base of labour force characteristics
at the occupation by industry (0:1) level of disaggregation. Here, we
present a series of factors which, from considerations of survey design
and processing of results, cause concern for the reliability of the
survey as an 0:I data base. These factors presumably contribute
significantly to an explanation of the deficiencies in the data, apparent

from the analysis of Section 4.

We consider relevant factors of the survey method and design,

as well as factors specific to the tabulations provided by ABS.

Survey Method

The personal interview approach to survey reduces the extent of

bias due to non-response considerably. Further, it narrows the scope for

misinterpretation and imprecise replies on the part of respondents. However,

it does suffer from the possibility that the respondent is not the household's

major participant in the workforce, but perhaps a mal-informed dependant.

This last factor is likely to be a significant source of
error in estimates of wages, hours worked, industry and occupation. The
positive aspect of the personal interview approach (reduced non-response
etc.) would be a contributing factor in explaining differences in, for
example, labour force participation rates estimated by the LFS as

opposed to the Census.

CONST oce IND R? S.E.
19.77 0.4799 0.1121  5.316
(4.459)  (3.924)
18.50 0.5093 0.1688  5.144
UNWEIGHTED (4.862) (4.914)
1.217  0.4799  0.5093 0.2834  4.776
(0.2293) (4.368)  (5.292)
21.80 0.4515 0.352  78.45
(8.167) (6.257)
1 3.042 0.9281 0.360 65.12
WEIGHTED (0.889) (10.36)
-6.142  0.3489  0.8320 0.438  55.01
(1.924)  (6.778) (10.81)

1. One observation with a very small calculated variance was deleted
for the weighted regressions.

The data base will be used to examine the relationships between

hours and wages by using the results of comparable LFSs and IDSs. However,
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28. TABLE 1 : STANDARD ERRORS OF ESTIMATE FROM LFS AND IDS
Size of Approximate Standard Error of Estimates (% of Estimate)
1 Estimate

of the weighted regressions to the original untransformed data. (Persons) LFS IDs
500 65.7 90.6

The general presence of multicollinearity among the ‘ 1000 43.5 58.9

2000 28.8 38.2

explanatory variables, when both the industry and occupation means are 4000 19.0 24.8
10000 11.0 14.0

included, makes difficult any meaningful partition of the explained sum 20000 7.3 9.1
50000 4.2 5.2

of squares into the separate industry and occupation contributions. 100000 2.8 3.4

Consequently, the analysis of the relative contributions of industry Source : Published information (ABS The Labour Force (Ref. 6.22) and

and occupation effects must rest with a comparison of the degree of Income Distribution (Ref. 17.6) and extrapolation.
-b
. . N . A power curve of the form y = ax where y = percentage standard error
hi on only regression as opposed to : ¥ ’s X
explanation provided by the occupation only reg PP and x = size of estimate of population, was used for extrapolation (and
the industry only regressions interpolation). The parameters a and b were estimated by fitting a power

curve to the published data. For the IDS a = 4331.9, b = 0.62 and for

the LFS a = 2669.2, b = 0.6. The goodness of fit in both cases was
On this basis, the results of the earned income per person extremely high.

regressions (Tables 8 and 9) suggest that the occupation effect, has a

much greater explanatory power than the industry effect. In the 1968/69 TABLE 2 : NUMBER OF CELLS' BELOW VARIOUS POPULATION SIZE ESTIMATES?
income per person unweighted regressions, the occupation only regression Number of Cells Which Have Population Estimates
o . . Survey Less Than or Equal To
accounts for 0.6 of total variation whereas the industry only regression 100000 50000 20000 10000 4000 2000 1000 S00
accounts for 0.1 . The corresponding fractions for weighted regressions,
. 1968/69 1IDS 99 89 60 47 28 16 8 5
based on three fewer observations, are 0.64 and 0.19 . The occupation 1973/74 1IDS 104 91 63 51 27 12 6 2
1968 LFS 106 95 68 52 33 16 S 3
effect is even more dominant in the 1973/74 regressions, where the 1973 LFS 103 92 65 52 23 14 8 3
1974 LES 103 91 65 50 27 11 8 5

occupation only regressions accounted for 0.66, whereas the industry only

regressions accounted for 0.1 .

The degree of explantion provided by the various regressions

is lower for weekly hours per person (Tables 10 and 11). This is parti- 1. Total number of cells is 120 (5 occupations x 24 industries) for all
surveys except the 1968/69 IDS, which has a total of 115 (industries

cularly true for 1968 hours per person. However, to the extent that 3 and 4 not differentiated).

variation is explained, the industry effect appears dominant. 2. The number of cells with population estimates of 500 or less in Table 2

should not be taken as an indication of the pervasiveness of confiden-
tiality. First, the numbers of cells includes null cells, which are

2

1. The quasi-R® is calculated by taking firstly the square of the correlation not confidential. Second, deconfidentialization takes place at the
coefficient between the original untransformed variable (yjj) and the 27 occupation split and aggregation into 5 occupations may, for example,
predicted variable (yij) using the estimated coefficients of weighted take a confidential cell, when summed with a larger cell, into the

regressions. This value is then adjusted for degrees of freedom. greater than 500 category.
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26.

<wwu\ QHH 0 e 0
-1 0 \ﬁum\ Oip seees 0
W =
0 0 e xnsa\ m
where
QWw = standard deviation of the per capita characteristic in 0:I cell ij ,
ku = estimate of the number of persons in 0:1 cell 1ij ,
and
WWt =V
Thus
) wilvawh = 1.

If we now rewrite (1) in regression format as,

T o= et 7. vuT e

and then premultiply by S»H , we obtain the transformed equation,

C)) ¥ = of,. +87., +uJ +E ;

or, in scalar notation,

(4a) Y = oY, , + BY,. +U+E .

11.

Time Conformability

In order to match hours worked with wages received, we
have had to assume, firstly, that the LFS data available to IMPACT,
corresponding to the May survey of each year, are representative of the
entire calendar year. Secondly, to ensure an improved conformability with
the financial year information of the IDS, we have averaged the LFS

data from the appropriate consecutive calendar years. However, as no 1969

LFS information could be provided in the special tabulations required, we

assume that the August 1968 LFS data is representative of the financial
year 1968/69.

Deconfidentialization

Before supplying the labour force data to IMPACT, the
ABS processes information in cells which are considered confidential; i.e.,
those cells which contain a non-zero size of population estimate of less

than 500. The average value in confidential cells in a particular

tabulation is substituted for the actual estimate.

The deconfidentialization process introduces a serious loss
of information in small sized cells (although the standard errors on
the actual estimates would be very large in any case). Further, it
introduces error into the row and column totals in a tabulation, since

the totals are calculated after deconfidentialization has taken place.
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24, 13.

(43 Although the professionals had the greatest dispersion in the population  benchmark estimates (or expansion factor). This
earned income in 1968/69, the distribution of their incomes ensures that the survey estimates conform to the previously estimated
narrowed markedly by 1973/74. The dispersion in the earned age and sex distributions, and tends to offset any age and sex
incomes of unskilled workers also narrowed over this interval, ‘ stratification errors in the sample.

but by a much smaller margin.

The procedure presents problems when the independent

(5) The hours worked of unskilled blue collar workers shows population estimates and benchmarks become revised, indicating that

greatest variation among the occupations, principally due previous survey estimates have been biased by less reliable benchmarks.

to the large proportion of rural workers in this occupation (20%).
Apart from this, professionals show the greatest variation,

followed by unskilled white collar workers. Note also that

the dispersion for professionals increased markedly by 1973/74.

In the special tabulations, the prdéblem is

exacerbated by the use of a single overall average expansion factor,

rather than the area, sex and age specific expansion factors.

The average expansion factor error in LFS tabulations is

given in the following table. The same order of error would apply

to the IDS estimates.

Regression Analysis

In order to capture the occupation and industry influences

on variability in hours worked and earned income in a systematic way,

TABLE 4 : AVERAGE LFS EXPANSION FACTOR mxmowu

we conduct simple regression analysis. We seek to explain variations

in characteristics at the 0:I level in terms of the occupation (mean)

Estimates of Persons Employed

effect and the industry (mean) effect, using the Eommwu H

seen sl

LFS .
Published Impact o s
(1000) (1000) s Difference
1968 5003.5 4960.4 -0.9
1973 5575.8 5546.4 -0.5
1974 5750.1 5730.4 -0.3

1
j=1,...,m

1. We stress that none of the models in this section constitutes a model of
wage determination from the point of view of economic theory. L.
Numerous studies (see Rosen (1977)) examine age earning profiles usually
with cross-section data and variables such as family background, status
and educational attainment are used to explain wage differences. How-
ever, these studies tend to avoid the influence of specific occupation
and industry effects on earnings.

The average expansion factor used to generate the special tabulations
would reflect the original expansion factors used for published data
and not factors revised in the light of updated population estimates.
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For example, the 1968/69

14,
However, the original set of classifications

The survey estimates are transferred from the original

IDS estimates have been stored on a 2 digit (Classified List of Industries)
(CLI) basis, the LFS of 1968 on a 3 digit CLI, and both surveys after 1972

occupation and industry classifications to IMPACT classifications of 27

used in the surveys has changed over time with varying degrees of
on an Australian Standard Industrial Classification (ASIC) basis.

concordance with the IMPACT classifications.

occupations and 25 industries.

Classification Concordance



TABLE 6 : COEFFICIENTS OF VARIATION FOR ANNUAL EARNED INCOME PER PERSON
BY INDUSTRY AND OCCUPATION FOR 1968/69 AND 1973/74
0 C C U P A T I 0 N
Professional Skilled Unskilled Skilled Unskilled All Occupations
White Collar White Collar Blue Collar Blue Collar
1968/69 1973/74 1q6a760 1973/74 1968/69 1973/74 1968/69  1973/74 1968/69 1973/74 | L908/69 1973774
1 ¢} 47785 41802  .36895 83426 ,743%4 66213 .81079 .96134  ,80558 .95721  .80349
2 .31857  .49902 .82975 0 0 .31754 o .23999 61415 ,52028 .61164  .51844
3 47530 .36789 .69180 , 56886 L.55140 [59264 34744 ,41134 .50062  ,46801 .54112 49295
4 0 . 19096 o} .13793 0 0 0 48941 o] .35167 0 41835
5 .39329 .25267 .51191  .48601 .52115 ,56178 .53549  .45068 47301 51553 .55318 ,53315
6 L43276  ,18270 .57104 .43538 .56191  .54034 70854 44529 .58463 .47116 74661 63854
o 7 47071 L41871 . 58884 ,48102 .68845 ,53378 48906 L, 4BE96 60085 . 54954 64364 57595
8 38942 .36150 . 54869 ,39113 .39198 ,41208 .36928 ,21133 44551 .3709¢6 .52551  L44412
o 9 0 26735 . 14943 ,47586 .25260 ,57112 47465 L 22878 41305 57424 .55665 .53960
10 .60000 ,42291 47975 ,43038 . 56896 46530 .33042 .38782 L.45361  .38871 .50263 ,45122
E 11 53415 ,31528 .52413  ,45829 41344 54400 46787 43974 45315 49581 .53333 ,51298
" 12 .73806 .29268 .63499  ,39100 . 50045 ,421538 47966 44355 47527 44338 .60276  ,46966
13 .35252  .47664 .58694  .40978 .59385 ,52077 LA46482 L 45699 .53247  .47643 .59624 .53923
- 14 .56250 ,60124 36887 ,35693 .56270 ,32863 48152 ,27086 61536 45647 L77704 45455
15 0 .58703 .38178 .64237 51642  ,64986 62519 50435 .86563 (63955 .84645 64589
a 16 .32277 26669 L40071  L42470 47148 46070 .41321  .37276 .38189 .42082 47580  .45819
17 .55265 .30404 .57398 .51953 .69939  ,68994 .49555  .46723 .50996 .47011 .58197 .52585
= 18 .60501 ,53025 .61661 .53126 .73861 ,76923 60107 .48220 536481 ,65182 L79442  .73458
1. L34633 L 40459 L60220  .39902 .50182  ,54607 35294 ,42428 47855 46688 .58266 .51366
- 20 .20886 28508 48714 42163 57486 51795 .35747  ,32349 . 53566 48850 L52765  .46616
21 .63534 ° ,39268 .62204 52797 . 74058  .66992 .63304  ,32871 65639 .74012 .83784 ,71817
22 L48001  .45811 .53288 44531 .57226 (54163 .37778  .40635 .52102 .57624 63493 57646
23 .B4585 ,58428 72495 ,67611 .63351 .60442 .80304 .50840 .63198 ,65787 .92563  ,70925
24 .61981 .79100 .78034  .62411 .96250 .87158 .51918 .68004 .88831 .83462 .97300 .86190C
All
Industries .73730  .53045 .69402  ,.58316 .70227 .68572 .50063  ,46614 .70883 .64113 J74840  ,65425
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6. ANALYSIS OF VARIABILITY IN LABOUR FORCE CHARACTERISTICS

Using the various sets of information on labour force
characteristics, variances, and standard errors we conduct a
preliminary analysis of variability in labour force characteristics.

We are not concerned here with a determination of factors affecting
characteristics such as the relationship between hours worked and income
earned in the context of a labour demand~supply Soamw.w Our concern is
with the extent of variability in labour force characteristics at the

0:I level, and, in particular, with the relative influence of the

industry and the occupation components in explaining variability.

We proceed in two ways. First, we present coefficients of
variation as an index of relative variability in each 0:I cell. Second,
we use weighted and unweighted regression analysis to test hypotheses
regarding the extent to which variability of each 0:1 characteristic
may be explained in terms of the industry component and the occupation

componeant.

Coefficients of Variation

The coefficient of wariation (CV) is defined as the standard
deviation of a characteristic divided by its mean value. The standard
deviation is simply the square root of the variance of the characteristic
across individuals at the 0:1 level, which was calculated in the last
section as one element of the standard error. Since the standard deviation

is corrected for order of magnitude by division by the mean value, the

1. This task is the concern of Parham & Ryland (1978).

17.

different from zero at various levels of confidence. The numbers of
cells (out of a total of 105) in which the difference in population
estimated in the LFS and the IDS was significantly different from zero are

presented in Table m.H

TABLE 5 : NUMBER OF CELLS IN WHICH ESTIMATES OF POPULATION
FROM IDS AND LFS ARE SIGNIFICANTLY DIFFERENT

Level of Confidence (Percent)

Comparison
90 95 99

1968 LFS )

j 24 18 11
1968/69  IDS )

1973/74  LFS®)
) 27 19 7
1973/74 IS )

a Average of the 1973 and 1974 LFSs.

The number of failures is sufficient to suggest serious
deficiencies in the data base. We do not report other comparisons con-
ducted (e.g., year-to-year changes in the LFS and LFS versus Census),
since they do not provide further information on the degree of

unreliability in the data base.

1. The standard error of the difference between the estimates of
population from the two sources is calculated assuming the distri-
bution of the results of each survey to be independent of each other.
The standard errors of estimate of each survey were generated from
power curves fitted to published data (see noterto Table 1 on p. 9).
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