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ESTIMATION FOR THE HOUSEHOLD INCOME
AND EXPENDITURE SURVEY

Sybille McKeown
Statistical Services

EXECUTIVE SUMMARY

Historically, the ABS has collected income and expenditure statistics via the Survey of
Income and Housing Costs (SIHC) and the Household Expenditure Survey (HES).
For the 2003/2004 financial year, these two surveys were combined to form the
Household Income and Expenditure Survey (HIES).  The HIES can be viewed as a
two-phase survey with the first phase collecting income data and a smaller second
phase collecting expenditure data.  This paper presents the proposed estimation
methodology for HIES, namely two-phase calibration, and discusses the associated
issues including the selection of auxiliary variables, dealing with non-response, and
variance estimation.

DISCUSSION POINTS FOR MAC

There are specific questions presented in the text for MAC’s consideration.  However,
the main areas for discussion can be summarised as follows.

! Are there limitations to the two-phase calibration methodology that have not
been addressed?

! What are MAC’s views on the proposed methodology for choosing auxiliary
variables?

! What are MAC’s views on the proposed methodology for addressing
non-response bias?

! Are there any limitations to using delete-a-group jackknife variance estimation
for this scenario?





CONTENTS

1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2. SAMPLE DESIGN AND DATA COLLECTION SUMMARY . . . . . . . . . . . . . . . . . . . . . . 3

3. ESTIMATION METHODOLOGY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

3.1 Literature review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

3.2 Proposed methodology for HIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

4. SELECTING AUXILIARY VARIABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

4.1 Literature review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

4.2 Proposed methodology for HIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

5. NON-RESPONSE ISSUES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

6. VARIANCE ESTIMATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

6.1 Literature review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

6.2 Proposed methodology for HIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

7. REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

The role of the Methodology Advisory Committee (MAC) is to review and direct research

into the col lect ion, estimation, dissemination and analyt ical methodologies associated

with ABS stat ist ics.  Papers presented to the MAC are often in the early stages of

development, and therefore do not represent the considered views of the Austral ian

Bureau of Stat ist ics or the members of the Committee.  Readers interested in the

subsequent development of a research topic are encouraged to contact either the author

or the Austral ian Bureau of Stat ist ics.





ESTIMATION FOR THE HOUSEHOLD INCOME
AND EXPENDITURE SURVEY

Sybille McKeown
Statistical Services

1.  INTRODUCTION

1 The Australian Bureau of Statistics regularly collects data on household income
and expenditure.  In the past, income data has been collected by the Survey of Income
and Housing Costs (SIHC), and expenditure data has been collected by the
Household Expenditure Survey (HES).  SIHC was run as a supplementary survey to
the Labour Force Survey, and HES was run as a special supplementary survey.

2 For the 2003/2004 financial year, these two surveys were combined to form the
Household Income and Expenditure Survey (HIES), run as a special supplementary
survey.  The HIES collects income data (consistent with what was previously collected
in SIHC) for all households selected in the sample, and expenditure data (consistent
with what was previously collected in HES) for a sub-sample of households.  The data
is collected over a twelve month period.

3 While the income and expenditure data is being collected together for the
2003/2004 financial year, separate publications for the SIHC and HES components are
still required.  In previous cycles of HES, basic income statistics were collected and
published.  In 2003/2004, detailed income will be available for all households in the
HIES sample, not just for the households in the HES sample.

4 This presents a number of options for producing income estimates for the HES
publication.  Income estimates for the HES publication could be based solely on the
subsample of households that received the HES questionnaire.  Alternatively, the
income estimates could be based on all households that received the SIHC
questionnaire.

5 Users of the HES data often compare income and expenditure estimates, so
maintaining consistency in the relationship between a household's income and
expenditure is a requirement of the estimation methodology.  Coherency in estimates
between ABS publications is also a requirement of the methodology.  That is, income
estimates in the HES publication should be the same as income estimates in the SIHC
publication.

6 Treating HIES as a two-phase survey and using two-phase calibration estimation
will enable both requirements to be met.  The method allows us to calibrate the
second phase sample estimates to match the chosen first phase sample estimates, in
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addition to population auxiliary variables.  If we use household income as one of these
variables, we will maintain consistency in the relationship between a household's
income and expenditure, and ensure coherency between estimates in ABS
publications.

7 The following diagram shows how the HIES can be viewed as a two-phase
sample.  The first phase sample consists of approximately 10,800 responding
households and collects income and housing data.  The second phase sample consists
of approximately 6,800 responding households and collects expenditure data.
Throughout this paper, the first phase will be referred to as the Survey of Income and
Housing Costs (SIHC), and the second phase will be referred to as the Household
Expenditure Survey (HES).  The households selected in the first phase, but not in the
second, will be referred to as the SIHC only sample.

1.1  Pictorial representation of the Household Income
and Expenditure Survey sample

8 The Statistical Services Branch is proposing to use two-phase calibration
estimation to produce estimates for the HIES.  The purpose of this paper is to:

! present the proposed two-phase calibration approach for HIES estimation,
including choosing auxiliary variables, adjusting for non-response and variance
estimation;

! discuss the inherent assumptions and potential problems with using this
approach;

! obtain MAC’s input into the validity of the proposed approach.

ABS METHODOLOGY ADVISORY COMMITTEE • JUNE 2004
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2.  SAMPLE DESIGN AND DATA COLLECTION SUMMARY

9 The HIES was designed to achieve a fully responding sample size of 10,800
households for the SIHC component, and a fully responding subsample of 6,800
households for the HES component.  The sample was allocated at the state by part of
state (metropolitan areas and non-metropolitan areas) level, to meet relative standard
error constraints in line with the design.

10 The SIHC component of the survey collected information on income, housing
costs and wealth.  The HES component of the survey collected information on the
expenditure on goods and services.  The majority of data items were collected by an
ABS interviewer in a face-to-face interview, both with individuals and with the
household.  The detailed expenditure items were collected via a self-completion diary
which covered a two week period.

11 Households were selected through a multi-stage cluster design.  Selected
clusters were split such that approximately one third of households in the cluster
received only the SIHC component of the survey, and two thirds of households in the
cluster received the SIHC and HES components of the survey.  Selections were
distributed randomly across a twelve month enumeration period in order to capture
changes in income and expenditure patterns across a year.

ABS METHODOLOGY ADVISORY COMMITTEE • JUNE 2004
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3.  ESTIMATION METHODOLOGY

3.1  Literature review

12 In the literature (e.g. Cochran, 1977) two-phase sample designs are generally
discussed in the context of taking a large, cheaper first phase sample to enable
improved estimates of the variables of interest collected in the second phase.  The
variables collected in the first phase can be used in a number of ways.  For example,
they may be used to stratify the second phase sample, or as auxiliary variables in
estimation.

13 Dupont (1995) considered different estimation strategies for making use of
auxiliary data in a two-phase design.  Three possibilities in the relationship between
the auxiliary variables available at the population and first phase levels were
considered, as were two estimation methodologies (calibration estimation and a
regression model approach).  Dupont discussed seven possible estimators, the links
between them, and methods for variance estimation.

14 Hidiroglou and Särndal (1998) presented a more generalised theory for
two-phase sampling with auxiliary information.  The authors stated that some of
Dupont's strategies could be considered as special cases of their general approach.
Two estimation methods, namely two-phase calibration and two-phase generalised
regression, were discussed.  The authors showed that the generalised regression
method can actually be considered as a special case of the two-phase calibration
method.  The authors showed that gains in variance can be made if there is a strong
correlation between the auxiliary variables and the variable of interest.

ABS METHODOLOGY ADVISORY COMMITTEE • JUNE 2004
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15 The two-phase calibration method, as discussed in Hidiroglou and Särndal will
be described in more detail below, using the following notation.

( )' '
1 2,k k k=x x xAuxiliary information

*
kw%Second phase calibrated weighted

*
1 2k k kw w w=Overall sampling weight

2 21k kw π=Second phase sampling weight

2 2 1( | )k P k s sπ = ∈Second phase probability of selection

2sSecond phase probability sample

1kw%First phase calibrated weight

1 11k kw π=First phase sampling weight

1 1( )k P k sπ = ∈First phase probability of selection

1sFirst phase probability sample

{1, , , , }U k N= K KPopulation

16 Note that x1k is available for the entire population and x2k is available for units
selected in the sample only.  Typically, we do not know x1k for each unit, but it is
sufficient to know the population total of x1.  The diagram below attempts to
consolidate this notation.

3.1  Pictorial representation of the two-phase notation

ABS METHODOLOGY ADVISORY COMMITTEE • JUNE 2004
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17 Two-phase calibration involves two successive calibrations to produce the final
calibrated weights for the units in the second phase sample.  As in single phase
calibration, the first calibration goes from the level of the first phase sample to the

population, with population auxiliary variables, x1k, as constraints.  That is, we want to
minimise the distance between the initial Horvitz–Thompson weights and the
calibrated weights, subject to the constraint that the estimates of auxiliary variables
using the calibrated weights will match known population totals.  The initial weight is

the first phase sampling weight w1k.  This can be expressed as follows:

Minimise the distance function D1:

(where C1k are pre-specified positive factors) subject to:

The resulting weights are

where g1k is the usual g-weight used in the calibration framework.

18 The second calibration goes from the level of the second phase sample to the

first phase sample, with weighted auxiliary variables, xk, in the constraint.  The aim of
the calibration is to minimise the distance between the initial weight and the final
calibrated weight.  The initial weight this time is the first phase calibrated weight
multiplied by the second phase sample weight.  This can be expressed as follows:

Minimise the distance function D2:

(where C2k are pre-specified positive factors) subject to:

Denoting the g-weights for the second phase calibration as g2k, then the resulting
weights are

ABS METHODOLOGY ADVISORY COMMITTEE • JUNE 2004
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where

19 Estevao and Särndal (2002) considered ten cases of auxiliary information for

calibration estimation in two-phase sampling.  Again, they assumed that x1 is available
for all units in the population and that x2 is available for all units in the first phase.  The
ten cases varied in the extent to which the auxiliary data was used.  They ranged from
the complete use of the data as described in Hidiroglou and Särndal, to not using any
auxiliary data at all, which was shown to be equivalent to the double expansion
estimator.

20 The authors carried out a simulation study to assess the ten estimators and
found that using the complete auxiliary information did not always give the most
efficient estimator.  However, the authors did suggest that using the complete
auxiliary information would be a reasonable approach when there are many variables
of interest collected in the second phase.

3.2  Proposed methodology for HIES

21 In addition to obtaining accurate estimates, there are three requirements for the
HIES estimation strategy – continuity, consistency and coherence.  Users desire
continuity in the methodology used for SIHC estimates, specifically, the use of the
same auxiliary variables in the calibration.  This is to allow comparability with previous
SIHC estimates and SIHC estimates in the future when it is run without HES.  Further,
users are interested in relationships between the income and expenditure of a
household, so maintaining the consistency in this relationship is important.  Finally,
the coherence between estimates presented in the SIHC and HES publications is
highly desirable.

22 Using the two-phase calibration methodology presented by Hidiroglou and
Särndal (1998), will allow us to achieve all three requirements.  We are free to choose

the auxiliary variables, so we can ensure that the x1 are the same as in previous cycles
of SIHC.  Further, by using variables that are presented as estimates in both the SIHC

and HES publications in x2 (such as income), the requirements of consistency and
coherency will be met, due to the constraints in the second calibration.  For these
reasons, we propose to use the two phase calibration methodology to produce
estimates for the HIES 2003/2004.

23 The two-phase methodology also presents us with the opportunity to obtain
more precise HES estimates, in comparison with the approach of treating HES as a
separate sample (that is, calibrating only to population auxiliary variables and not
drawing strength from correlations between income and expenditure).  We recognise

ABS METHODOLOGY ADVISORY COMMITTEE • JUNE 2004
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that great gains in precision may not eventuate since the population auxiliary variables
are being chosen with SIHC requirements in mind, rather than being chosen to give
the best HES estimates.  This is where the HIES case differs to the two-phase scenario
generally discussed in the literature, as first phase estimates are equally as important
as second phase estimates.

24 As discussed in Estevao and Särndal (2002), it is not necessary to use the
complete auxiliary information in estimation, and in fact, using the complete auxiliary
information does not always give the most efficient estimator.  However, we do
propose to use the complete auxiliary information, for coherency reasons, and also
because there are many variables of interest in the second phase.  [An interesting
direction for future work would be to investigate any changes to efficiency by not
using the complete auxiliary information for producing HES estimates.]

25 Existing estimation tools within the ABS can be used to implement the
two-phase calibration methodology with relative ease.  The GREGWT macro, which
performs calibration, is currently used to produce estimates for ABS household
surveys.  The macro will simply need to be run successively to produce the second
phase calibrated weights.  The macro also caters for the use of both household and
person level auxiliary variables through integrated weighting.

26 Integrated weighting enables the use of group (e.g. household) and person level
auxiliary variables by firstly collapsing the person level data to the group level.  The
GREGWT macro then computes the number of times a group contributes to each
constraint (e.g. once to the group level constraints and more than once to the person
level constraints).  Next, the group weights are calculated to meet the calibration
constraints, which are now at the group level.  Finally, the group weights are merged
back to the person level file.

27 For more details on the GREGWT macro, see Bell (2000).

! Can MAC see any limitations with the two-phase calibration methodology that
have not been addressed?

ABS METHODOLOGY ADVISORY COMMITTEE • JUNE 2004
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4.  SELECTING AUXILIARY VARIABLES

4.1  Literature review

28 Skinner and Nascimento Silva (1997) provided a method for choosing auxiliary
variables for generalised regression (GREG) estimation in the presence of
non-response.  The authors recognised that while the GREG estimator is
asymptotically design unbiased under simple random sampling, bias can be
introduced through non-response.  As such, they proposed a method which chooses a
set of auxiliary variables to minimise the mean squared error (MSE), giving the best
trade-off between variance and bias caused by non-response.

29 The method assumes that the regression estimator that uses all available
auxiliary variables is free from non-response bias, but may have higher variance than
other estimators due to the inclusion of all auxiliary variables.  A further assumption is
that an estimator using a subset of auxiliary variables may include some non-response
bias, but possibly a lower variance.  The MSE of GREG estimators based on subsets of
auxiliary variables, is used to determine which subset gives the best trade-off between
variance and bias.

30 The following notation is used:

( ),
ˆ

reg AMSE yMSE of the GREG estimate using subset A

( ),
ˆˆ reg AB yν  
 Variance of the estimated bias using subset A

( ), ,
ˆ

reg A reg A regB y y y= −Estimated bias of the GREG estimate using subset A

( ),ˆ reg AyνEstimated variance of the GREG estimate using subset A

,reg AyGREG estimator using a subset, A, of auxiliary variables

regyGREG estimator of the mean of y using all auxiliary variables

31 The following formula is given for estimating the MSE:

32 Using this diagnostic, the authors presented three methods of choosing the
subsets A, namely, the Best Subset method, the Forward Selection method, and the
Standard Forward Selection Method.

ABS METHODOLOGY ADVISORY COMMITTEE • JUNE 2004
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33 The Best Subset Method involved calculating the MSE for every possible subset
of auxiliary variables.  Theoretically, this was the preferred approach.  However, the
authors acknowledged that this method would be unsuitable when a large number of
auxiliary variables are available.

34 The method of Forward Selection was presented as an alternative to the Best
Subset approach.  It involved starting with the subset A which contains only a constant
term, and adding variables one by one on the basis of the MSE.  This continues until
no further gains in the MSE can be made by increasing A, in comparison to the MSE of
the GREG estimator using only the constant term.

35 The Standard Forward Selection method as implemented in SAS PROC REG (see
SAS, 1990) was also considered.  It was presented as a simplified method that is easy
to apply.

36 Skinner and Nascimento Silva carried out a simulation study to investigate which
of the methods provided the best results.  The authors found little loss in precision by
using the Forward Selection method instead of the Best Subset method.  The
Standard Forward Selection method displayed no noticeable bias, but had slightly
higher MSE when compared with the other methods.  This method also yielded
smaller subsets a majority of times, which was expected as the Standard Forward
Selection method looked only at the impact of adding variables on variance, not the
MSE.  So any variables required to counter bias would not be included.

37 The simulation study was also presented as support to the assumption that the
saturated model is free from non-response bias.  In the study, the non-response was
artificially created by a model.  The variables used in the response model were the
same as the variables used in the saturated model for the regression estimator.  As
such, it was not surprising that the assumption of no bias in the saturated model held.

4.2  Proposed methodology for HIES

38 As discussed, users require that the population auxiliary variables, x1, are the
same as the variables used in calibration for previous cycles of SIHC.  However, this
may not be methodologically the best option.  For example, if the undercoverage and
non-response characteristics in HIES are very different to the case under the previous

design of SIHC, then there would be a strong argument for changing the x1.  This will
be investigated before the x1 are finalised.

39 There is more room for choice in selecting the auxiliary variables x2.  Clearly, we
want to include the variables that are in both the HES and SIHC publications, for the
consistency and coherency requirements.  But how do we choose other variables that
may yield gains in precision?

ABS METHODOLOGY ADVISORY COMMITTEE • JUNE 2004
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40 Skinner and Nascimento Silva (1997) provided a useful method for choosing
auxiliary variables in the case of single phase regression estimation in the presence of
non-response.  Hidiroglou and Särndal (1998) showed that the two-phase regression
estimator is equivalent to the two-phase calibration estimator in some situations.  This
suggests that if we modify the Skinner and Nascimento Silva method for the
two-phase scenario, then we can use it to choose our auxiliary variables for two-phase
calibration estimation.

41 The proposed modification is as follows.  First we assume that the x1 have been
chosen and we are only interested in the relationship between x2 and the variable of
interest y (likely to be an aggregate expenditure variable).  In terms of the regression
estimator we are only interested in the second term in the assumed model, as the first
term is already set:

42 [An area for future work will be to investigate auxiliary variable selection for the
two-phase scenario when both sets of auxiliary variables need to be chosen.  As yet,
we have been unable to find any papers in the literature that provide a possible
theoretical framework for this scenario.]

43 From here we propose to proceed as per the Skinner and Nascimento Silva
Forward Selection method described above, because it’s easier to implement than the
Best Subset method without much loss in precision.  This means that we need to
determine the maximal set of auxiliary variables to enable the calculation of the
saturated model, and then calculate the estimates and MSEs for subsets A.  With
regard to calculating the variance components of the MSE of the subset estimates, this
can be done via the ABS GREGWT macro which implements the delete-a-group
jackknife method.  That is, we can calculate the jackknife variance of the subset
estimate and the bias estimate.

44 Bell (2000) undertook a simple simulation study to compare the delete-a-group
jackknife variance estimator with other methods such as weighted residuals.  In
comparison to the weighted residuals method, the jackknife estimates with 30
replicates were more variable.  Using 60 replicates improved the stability of the
estimates, but was still not as good as the weighted residuals method.  Bell concluded
that the jackknife was a suitable approach for estimating variances for general
purposes (e.g. for publication), but that other methods such as the weighted residuals
would be better when the precision of the variance estimates is more important (e.g.
when trying to detect small differences while evaluating alternative methodologies).

45 This suggests that the weighted residuals method may be more suitable for the
MSE calculations described above.  However, it is unclear how the residuals should be

ABS METHODOLOGY ADVISORY COMMITTEE • JUNE 2004
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calculated in the two-phase scenario, and further, it would be more time consuming
than the jackknife if we want to assess the MSE of more than one variable of interest
(as residuals would need to be calculated for each variable).  As a compromise, we
propose to stick with the jackknife method, but increase the number of replicates
from the usual 30 to at least 60.

46 Choosing the variables to be included in the saturated model is not
straightforward.  SIHC questionnaires can take up to one hour to administer, and as
such there are many variables that we could potentially use.  Practically, this is not
possible because we are limited by computing power (GREGWT does not converge
when a large number of auxiliary variables are used).  We propose to use at least all
SIHC variables to be included in the HES publication, namely, at the state level:

! average weekly household income,

! source of income (employee, own business, government pensions and
allowances, other),

! tenure type (owners without a mortgage, owners with a mortgage, renters from
state or territory housing authority, renters–other, other).

47 We also propose to undertake some preliminary analysis of relationships
between SIHC and HES to see if there are other variables that would be sensible to
include in the saturated model.  This will require some degree of subjective decision
making.

48 Further, in the HIES case, it is not realistic to assume that the saturated model is
free from bias, as we do not know the underlying response mechanism.  Perhaps a
reasonable alternative assumption is that the saturated model contains an acceptable
level of bias, and we are simply trying to make gains in variance without introducing
too much additional bias.

49 In undertaking the above analysis to determine the appropriate auxiliary

variables, x2, we may be faced by some practical limitations.  At the time of analysis,
only the first six months of HIES data will be available.  Problems such as there being
insufficient data for the GREGWT macro to converge is an example of what may occur.

! Is the proposed method for choosing x2 reasonable?

! Are there more appropriate alternative methods of choosing auxiliary
variables that we should be considering?

ABS METHODOLOGY ADVISORY COMMITTEE • JUNE 2004
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5.  NON-RESPONSE ISSUES

50 Non-response bias in ABS household survey estimates is generally dealt with in
one of two ways.  The first is an explicit adjustment to the initial weight by the
probability of response, and the second is an implicit adjustment undertaken in the
calibration step.  Both methods first require understanding the underlying response
mechanism.

51 In order to understand the underlying response mechanism, an analysis of
auxiliary variables is usually undertaken to identify characteristics of respondents and
non-respondents.  It is then assumed that response probabilities are uniform among
groups of units with the same characteristics, with respect to the auxiliary variables.
Non-response bias can then be adjusted for explicitly within these groups, or in the
calibration step by including the auxiliary variables found to be associated with
non-response.

52 Non-response for the HIES is more complicated than most ABS household
surveys.  Basically, non-respondents can be split into three groups:

! households selected for the SIHC only component that did not respond

! households selected for SIHC and HES that did not respond to either

! households selected for SIHC and HES that responded to SIHC, but not to HES.

This has been presented pictorially below.

5.1  Non-response groups in HIES
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53 Non-response bias from group three will be adjusted for implicitly in the
calibration step, as the auxiliary variable selection method takes non-response bias
into account.  The first phase calibration may also implicitly adjust for non-response
bias from groups one and two, if the auxiliary variables reflect characteristics of
non-respondents.  The auxiliary variables used in the calibration include almost all
population auxiliary variables available anyway, and as such, it is not possible to
further investigate non-response bias related to population auxiliary variables.

54 One unusual question is whether a household’s probability of responding in the
first phase is affected by whether or not it is selected in the second phase.  In other
words, is a household more or less likely to respond to SIHC if it has also been
selected in HES?  In the diagram above, this relates to understanding any differences
between group one and group two.

55 If there is a difference in response probabilities between the SIHC only and SIHC
and HES samples, the implicit adjustment through the calibration will not take it into
account.  An explicit adjustment to the initial weight, before the calibration, may be
required.  If an explicit adjustment is required, we propose to use the sample based
weighting cell method (Allen, 1998).

56 The sample based weighting cell method divides the sample into mutually
exclusive groups, or non-response adjustment cells.The respondents in each cell are
weighted by the probability of responding to compensate for non-respondents.  The

probability of responding, ϕr, for units in group r is estimated by:

where

sr is the sample of respondents,

snr is the sample of non-respondents, and

wri is the initial weight, calculated on the basis of selection probabilities.

57 The non-response adjusted weight would be calculated by multiplying the initial
weight by the inverse of the response probability for group r.  For the HIES scenario, r
would be determined by membership of the SIHC only selections and the SIHC and
HES selections groups.  Before any such adjustment is made we need to investigate
whether or not there is in fact a difference in the probability of responding between
the two groups.  We can do this by modelling reponse probabilities, and including an
indicator of group membership as one of the explanatory variables.
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58 The limitation of this approach is that we can only include variables in the model
that we know about respondents and non-respondents.  This limits the choice of
variables to state, part of state (metropolitan or non-metropolitan area) and group
membership.  We propose to include these three explanatory variables as well as
interaction terms in the response model.  If the coefficient of the group membership
variable is found to be significant, then we will conclude that an explicit non-response
adjustment as described above is necessary.

! What are MAC’s thoughts on the proposed method for adjusting for
non-response if it is required?

! What are MAC’s thoughts on the proposed method for determining if a
non-response adjustment is required?
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6.  VARIANCE ESTIMATION

6.1  Literature review

59 Sitter (1997) investigated a number of variance estimators for the regression
estimator under a two-phase sampling scenario.  The scenario assumed simple
random sampling at both phases.  Five variance estimators were investigated,
including a jackknife method where single units are dropped when calculating
replicates.  The jackknife variance estimator was found to be design consistent for
large second phase samples.

60 A limited simulation study was undertaken to assess the various methods.  The
simulation study showed that the jackknife method worked well conditionally, but not
so well unconditionally.  However, it's poorer performance unconditionally did not
seem to affect the coverage probability of the confidence intervals based on it.  Sitter
suggested that the jackknife might be one of the preferred methods to use due to its
good conditional performance and the fact that it is more operationally desirable.

61 Kott and Stukel (1997) investigated the appropriateness of the jackknife variance
estimator for two-phase sampling.  The sample design considered involved a first
phase that was a stratified with-replacement cluster sample, and a second phase that
was a stratified simple random sample without replacement.  The main focus of the
paper is the re-weighted expansion estimator and the double expansion estimator, but
the extension to regression estimation was discussed.  The authors stated that the
jackknife has an approximate upward bias in their scenario and is therefore likely to be
a conservative estimator of variance.

62 Kott (1998, revised 2001) presented justification for using the delete-a-group
jackknife variance estimator for a range of complex estimation strategies that included
multi-phase designs.  He found that the delete-a-group jackknife is a nearly unbiased
estimator of variance when the first phase sampling fractions are small.  When the first
phase sampling fractions are not small, the jackknife gives an upward biased estimate
of variance.

6.2  Proposed methodology for HIES

63 The GREGWT macro caters for the delete-a-group jackknife method of variance
estimation for single phase and two-phase samples.  The findings in the literature on
jackknife on similar scenarios suggest that this method is appropriate.  As such, we
propose to use this method for calculating the variances of HIES estimates.

64 Replicate weights will be calculated for the first phase, and used to calculate
variances for SIHC estimates.  The first phase replicate weights are used as input into
the second phase calibration, and an additional set of replicate weights will be
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calculated for the second phase sample (note that the second phase replicates are
produced by droppoing the same set of clusters).  These replicate weights will be
used to calculate variance estimates for the HES estimates.  The variance estimation
for the first phase is consistent with how SIHC would be treated as a single phase
survey.

65 The default number of replicates used in ABS household surveys is 30.  Due to
practical limitations, we propose to use 30 replicates in variance estimation for HIES.
However, we would like to undertake investigations into whether or not 30 replicates
are sufficient.  We may do this by simply observing the change in variance estimates
when we alter the number of replicates, or by more complex methods like assessing
the variance of the variance estimates as the number of replicates change.

! In MAC’s view, are there any limitations on using the delete-a-group jackknife
method for variance estimation in a multi-stage, multi-phase cluster design?

! What are MAC’s suggestions on assessing the required number of replicates?
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