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Decomposition of Movement Estimates as a Diagnostic Tool for
Repeated Business Surveys

John Preston
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(07) 3222 6229

1. Introduction

The ABS conducts a number of repeated business surveys. One of the key objectives of these
business surveys is to produce reliable estimates of change from one time period to the next.
Output editing is usually the final check for major errors in the survey data to ensure that
the estimates are reliable. There are a number of tools that can be used to check whether the
estimates of change appear correct, such as comparing the estimate of change with external
sources, examining the distributions of the survey data, or decomposing the movement
estimates into components which lead to a better understanding of the estimates of change.

The estimates of change are driven by a number of different factors, including:

! birthing of new units, deathing of old units and changing characteristics of
continuing units in the population of interest;

! rotation of new units into sample and rotation of previously selected units out of
sample;

! changes in the values of auxiliary benchmark variables at the unit and aggregate
levels; and

! changes in the values of the variable of interest at the unit level.

Some of these factors arise from actual changes in the population of interest, while others
arise from a changes in the relationships between the population and the chosen samples.

The ABS regularly updates its business survey frames by adding births, removing deaths
and updating stratification variables. These frame changes have a direct impact on the
estimates of change, as well as an indirect impact through the rotation of units into and out
of the sample. The rotation of units into and out of the sample is also be caused by the ABS
policy to rotate all small and medium business out of individual surveys after three years.
This policy is upheld using synchronised sampling, a form Permanent Random Number
(PRN) sampling procedure, developed by the ABS to minimise or maximise overlap
between surveys as well as control rotation within surveys (Brewer, Gross and Lee 1999).
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The ABS has recently developed a Generalised Estimation System for processing its large
scale annual and sub-annual business surveys, which allows the specification of an
estimator from a wide group of estimators produced under generalised linear regression
models. For those business surveys which produce estimates using auxiliary information in
the form of known auxiliary totals, changes in the values of auxiliary benchmark variables at
the unit and aggregate levels will have an impact on the estimates of change.

In order to better understand the influence of these factors on the estimates of change, a
methodology has been developed to decompose the movement estimates into a number of
factors. Holt and Skinner (1989) present a framework for the decomposition of the net
difference in the population means into effects due to net differences of means within
domains and effects due to domain composition. The framework is also extended to allow
for non-stationary populations with birthing of new units, deathing of old units and
changing characteristics of continuing units. This paper presents an more comprehensive
alternative methodology for the decomposition of the movement estimates which can be
used as a diagnostic tool to assist in the output editing of sample surveys.

Section 2 introduces the generalised regression estimator used in ABS business surveys.
Section 3 presents one possible decomposition of the movement estimates into primary and
secondary factors. Section 4 describes how the bootstrap variance estimator can be used to
produce approximate variances for the various decomposition components. Section 5
measures the biases and mean squared errors of the decomposition components and the
bootstrap variance estimator of the decomposition components in a simulation study.
Section 6 examines the ability of the proposed decomposition methodology to identify
irregularities.

QUESTION 1:  Is the proposed decomposition methodology into primary and secondary
factors the �best� approach to the decomposition of the movement estimates?

2. Estimation for ABS Business Surveys

2.1 The Generalised Regression Estimator

Consider a finite population  divided into H strata , where  isU U = U1, ..., Uh, ..., UH Uh

comprised of  units. The objective is to estimate the population total , where Nh Y =
h
!

i"Uh
! yhi

 is the value of the variable of interest y for unit i in stratum h. Assume there exists a set ofyhi

auxiliary variables  for which the population totals  are known.
i
x

i
= x1i, ..., xki, ..., xKi i

X=
i"U
! ix

Suppose stratified simple random samples  without replacement (SRSWOR)s1, ..., sh, ..., sH

of sizes  are drawn with selection probabilities  from populations n1, ..., nh, ..., nH # i = nh/Nh

. The sampling weights  are those used in the Horvitz-ThompsonU1, ..., Uk, ..., UH wi = 1/# i

estimator  for variable of interest y. The generalised regression estimator isY =
h
!

i"sh
! wiyhi

given by (Sarndal, Swensson and Wretman, 1992):

(2.1)Y =
ics
! wiyi +

i
X −

ics
! wi ixi

∏

i
$ =

ics
! wigiyi
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where  is the g-weight for unit i, defined as:gi

gi = 1 +
i
X −

ics
! wi ixi ics

!
wi ixi i

x
i
∏

ci

−1
i
x

i
ci

 is the vector of the linear regression model parameters given by:
i
$

i
$ =

ics
!

wi ixi i
x

i
∏

ci

−1

ics
!

wi ixi
yi

ci

and  are specified positive factors that relate to the variance structure of the linearci

regression model associated with the GREG estimator:

yi =
i
x

i
∏

i
$ + %i

where ,  and , for all .E(%i ) = 0 Var(%i ) = ci&2 Cov(% i, % j ) = 0 i ! j

The generalised regression estimator for domain of interest c is given by:

(2.2)Yc =
icsc
! wigiyi

where  is the sample of units within domain of interest c.sc

2.2 The Generalised Regression Estimator for Movement Estimates

Define the population at time t by , where  is comprised of U(t) = U1
(t), ..., Uh

(t), ..., UH
(t) Uh

(t) Nh
(t)

units. The objective is to estimate the difference in the population totals between the two
time points, , where  is the value of the variable ofY(m) = Y(2) − Y(1) =

h
!

i"Uh
(2)
! yhi

(2) −
h
!

i"Uh
(1)
! yhi

(1) yhi
(t)

interest y at time point t for unit i in stratum h. The generalised regression movement
estimator is given by:

(2.3)Y
(m)

=
ics(2)
! wi

(2)gi
(2)yi

(2) −
ics(1)
! wi

(1)gi
(1)yi

(1)

The generalised regression movement estimator for domain of interest c is given by:

(2.4)Yc
(m)

=
icsc

(2)
! wi

(2)gi
(2)yi

(2) −
icsc

(1)
! wi

(1)gi
(1)yi

(1)

where  is the sample of units at time point t within domain of interest c.sc
(t)

2.3 The Movement Estimator as a Function of Four Factors

The movement estimator (2.4) can be written as the difference between a product of four
factors:
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(2.5)Yc
(m)

=
h
! Nh

(2)phc
(2)ghc

(2)yhc
(2) −

h
! Nh

(1)phc
(1)ghc

(1)yhc
(1)

where  is the estimated proportion of units at time point t in stratum h in domain ofphc
(t)

interest c:

phc
(t) = i"shc

(t)
! wi

(t)

i"sh
(t)
! wi

(t)

 is the weighted average g-weight at time point t in stratum h in domain of interest c:ghc
(t)

ghc
(t) = i"shc

(t)
! wi

(t)gi
(t)yi

(t)

i"shc
(t)
! wi

(t)yi
(t)

and  is the average value of the variable of interest y at time point t in stratum h inyhc
(t)

domain of interest c:

yhc
(t) = i"shc

(t)
! wi

(t)yi
(t)

i"shc
(t)
! wi

(t)

In this situation the average g-weight is weighted by the value of the variable of interest,
which will mean that changes in the value of the variable of interest will impact on the
average value of the variable of interest as well as the weighted average g-weight. The main
reason for using the weighted average g-weight, rather than an unweighted average
g-weight, is to ensure that the product of the four factors sum to the survey estimates.
Alternatively,  could be calculated as the average g-weight at time point t in stratum h inghc

(t)

domain of interest c:

ghc
(t) = i"shc

(t)
! wi

(t)gi
(t)

i"shc
(t)
! wi

(t)

and  could be calculated as the weighted average value of the variable of interest y atyhc
(t)

time point t in stratum h in domain of interest c:

yhc
(t) = i"shc

(t)
! wi

(t)gi
(t)yi

(t)

i"shc
(t)
! wi

(t)gi
(t)
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which would also ensure that the product of the four factors sum to the survey estimates. In
this situation the weighted average value of the variable of interest is weighted by the
g-weight, which will mean that changes in the g-weight will impact on the average g-weight
as well as the weighted average value of the variable of interest. The weighted average
g-weight is used in the rest of the paper. It was chosen over the weighted average value of
the variable of interest because changes in the estimates are more often driven by changes in
the average value of the variable of interest. The results of the decomposition of the
movement estimates will be easier to interpret if they are based on the unweighted average
value of the variable of interest. 

QUESTION 2:  Is appropriate to weight the average g-weight by the value of the variable
of interest or weight the average value of the variable of the interest by the g-weight to
ensure the product of the four factors sum to the survey estimates?

3. Decomposition of Movement Estimates for ABS Repeated Surveys

3.1 Decomposition into Four Primary Factors

Using a standard decomposition methodology the movement estimator (2.5) can be
decomposed into the following terms:

Yc
(m)

=
h
! [Nh

(2) − Nh
(1) ]phc

(1)ghc
(1)yhc

(1) +
h
! phc

(2) − phc
(1) Nh

(1)ghc
(1)yhc

(1)

(3.1)+
h
! ghc

(2) − ghc
(1) Nh

(1)phc
(1)yhc

(1) +
h
! yhc

(2) − yhc
(1) Nh

(1)phc
(1)ghc

(1)

+
h
! [Nh

(2) − Nh
(1) ] phc

(2) − phc
(1) ghc

(1)yhc
(1) +

h
! [Nh

(2) − Nh
(1) ] ghc

(2) − ghc
(1) phc

(1)yhc
(1)

+
h
! [Nh

(2) − Nh
(1) ] yhc

(2) − yhc
(1) phc

(1)ghc
(1) +

h
! phc

(2) − phc
(1) ghc

(2) − ghc
(1) Nh

(1)yhc
(1)

(3.2)+
h
! phc

(2) − phc
(1) yhc

(2) − yhc
(1) Nh

(1)ghc
(1) +

h
! ghc

(2) − ghc
(1) yhc

(2) − yhc
(1) phc

(1)yhc
(1)

+
h
! [Nh

(2) − Nh
(1) ] phc

(2) − phc
(1) ghc

(2) − ghc
(1) yhc

(1)

+
h
! [Nh

(2) − Nh
(1) ] phc

(2) − phc
(1) yhc

(2) − yhc
(1) ghc

(1)

+
h
! [Nh

(2) − Nh
(1) ] ghc

(2) − ghc
(1) yhc

(2) − yhc
(1) phc

(1)

(3.3)+
h
! phc

(2) − phc
(1) ghc

(2) − ghc
(1) yhc

(2) − yhc
(1) Nh

(1)

(3.4)+
h
! [Nh

(2) − Nh
(1) ] phc

(2) − phc
(1) ghc

(2) − ghc
(1) yhc

(2) − yhc
(1)
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The first four terms (3.1) are the main effects for the four factors, while the other terms (3.2),
(3.3) and (3.4) are the two, three and four way interaction terms between the four factors.
These interaction terms are difficult to interpret and are usually relative small compared to
the main effects (Holt and Skinner, 1989). Although this decomposition methodology has
the primary factors standardised at the first time period, it would have also been acceptable
to have the primary factors standardised at the second time period.

In order to avoid including the interaction terms, Das Gupta (1991) developed an alternative
decomposition methodology, along the lines suggested by Kitagawa (1955). Using the
alternative decomposition methodology the movement estimator (2.5) can be decomposed
into the following four primary effects:

(3.5)Yc
(m)

=
h
! [Nh

(2) − Nh
(1) ]'(phc

(1), phc
(2), ghc

(1), ghc
(2), yhc

(1), yhc
(2)

)

(3.6)+
h
! phc

(2) − phc
(1)
'(Nh

(1), Nh
(2), ghc

(1), ghc
(2), yhc

(1), yhc
(2)

)

(3.7)+
h
! ghc

(2) − ghc
(1)
'(Nh

(1), Nh
(2), phc

(1), phc
(2), yhc

(1), yhc
(2)

)

(3.8)+
h
! yhc

(2) − yhc
(1)
'(Nh

(1), Nh
(2), phc

(1), phc
(2), ghc

(1), ghc
(2)

)

where  '(a(1), a(2), b(1), b(2), c(1), c(2) ) = (3a(1)b(1)c(1) + a(1)b(1)c(2) + a(1)b(2)c(1) + a(1)b(2)c(2)

            + a(2)b(1)c(1) + a(2)b(1)c(2) + a(2)b(2)c(1) + 3a(2)b(2)c(2))/12

The first terms (3.5) measures the effect of changes in the number of units on the survey
frame, the second term (3.6) measures the effect of changes in the estimated proportion of
units in the domain of interest, the third term (3.7) measures the effect of changes in the
weighted average g-weight, and the fourth term (3.8) measures the effect of changes in the
average value of the variable of interest.

3.1.1 Empirical Evaluation of the Contribution of Interaction Terms

The Retail Business Survey was used to evaluate the relative size of the interaction terms to
determine whether is it appropriate to distribute these interaction terms into the main
effects. The Retail Business Survey produces monthly estimates of the value of turnover for
retail businesses classified by state and industry. The principal objective of the Retail
Business Survey is to show month to month movements of turnover for retail industries.

The contribution of the main effects and interaction terms to the relative movements
between the June and July 2005 estimates of retail turnover are presented in Table 1, while a
comparison of the main effects and the primary effects to the relative movements between
the June and July 2005 estimates of retail turnover are presented in Table 2.
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Table 1: Contribution of Main Effects and Interaction Terms to Relative Movements#

-1.7%3.8%97.9%2.03-0.030.081.99Aust

-40.1%169.1%-29.0%0.55-0.220.93-0.16ACT

0.0%-8.1%108.1%5.620.00-0.466.07NT

5.5%-1.5%96.0%3.510.19-0.053.36Tas

0.0%1.4%98.6%1.930.000.031.91WA

0.5%-7.2%106.6%3.550.02-0.253.78SA

-0.0%-2.4%102.4%4.730.00-0.114.85Qld

-11.3%34.6%76.7%0.71-0.080.250.54Vic

-4.8%13.4%91.4%0.97-0.050.130.89NSW

3rd Order
Interaction

Terms

2nd Order
Interaction

Terms
Main EffectsRelative

Movements

3rd Order
Interaction

Terms

2nd Order
Interaction

Terms
Main Effects

Percentage Contribution
to Relative Movements

Net Contribution 
to Relative Movements

State

#All main effect and interaction terms which involve differences in the estimated proportion of units within the
domain of interest (i.e. State) between the two time periods will be equal to zero, since the Retail Business Survey
is stratified by State.

Table 2: Comparison of Main Effects and Primary Effects

0.540.910.580.530.870.59Aust

3.053.470.13-3.333.18-0.01ACT

4.620.290.714.850.300.93NT

2.720.410.372.680.330.35Tas

0.031.140.760.011.110.79WA

0.382.580.580.452.620.72SA

2.232.200.312.282.220.34Qld

0.46-0.230.480.41-0.300.44Vic

-0.270.440.81-0.300.380.81NSW

Average
Value

Change
Effect

Weight
Change

Adjustment
Effect

Frame
Change
Effect

Average
Value

Change
Effect

Weight
Change

Adjustment
Effect

Frame
Change
Effect

Net Contribution
to Relative Movements

of Primary Effects

Net Contribution 
to Relative Movements

of Main Effects
State

In most cases the percentage contribution to the relative movements of the main effects was
between 90 and 110 percent. In those cases where the interaction terms contributed more
than 10 percent of the relative movements, the relative movements were small (i.e. less than
one percent) as were the net contribution to the relative movements. Furthermore, the net
contribution to the primary effects are similar to the net contribution to the main effects.

QUESTION 3:  Is it appropriate to distribute the interaction terms into the main effects?
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3.2 Decomposition into Secondary Factors

The movement estimates are influenced by more factors than just the four primary factors
described in Section 3.1. For example, stratum level changes in the number of units on the
survey frame can occur as a births and deaths in the population as well as units changing
stratum. Furthermore, changes in the average value of the variable of interest can occur as a
result of changes in the values of the common sample units as well as differences between
the values of the uncommon units.

A pictorial illustration of the stratum level changes in the survey frame and survey sample
between the two time periods is presented in Figure 1.

Figure 1: Pictorial Illustration of Stratum Level Changes in the
Survey Frame and Survey Sample

Frame Time 1

Frame Time 2

Common Frame

Common Sample

Sample Rotation Out

Sample Rotation In

Sample
Birth

Sample
Flip In

Sample
Death

Sample
Flip Out

Frame
Flip Out

Frame
Flip In

Frame
Death

Frame
Birth

The units on the survey frames within the stratum in the two time periods are represented
by the left and right large rectangles respectively. The units on the common frame within the
stratum are represented by the intersection of the two large rectangles, while the units not
on the common frame within the stratum can be split into frame births, frame deaths, frame
flips in and frame flips out. Those units which move into and out of the scope of a survey
will be considered frame births and frame deaths.

The units in the survey samples within the stratum in the two time periods are represented
by the left and right ovals respectively. The units in the common survey sample within the
stratum are represented by the intersection of the two ovals, while the units not in the
common survey samples within the stratum can be split into sample rotations in, sample
rotations out, sample flips in, sample flips out, sample births and sample deaths.
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The purpose of the decomposition into secondary factors is to split the effect of changes in
the number of units on the survey frame into frame births, frame deaths, frame flips in and
frame flips out effects, and the effect of changes in the average value of the variable of
interest into common sample, sample rotations in, sample rotations out, sample flips in,
sample flips out, sample births and sample deaths effects.

3.2.1 Frame Change Decomposition

The difference in the number of units on the survey frames between the two time periods,
can be written as:

! differences in the number of frame births and frame deaths (i.e. frame growth);
plus

! differences in the number of frame flips in and frame flips out (i.e. frame stratum
flips).

[Nh
(2) − Nh

(1) ] = [Nh
(2b) − Nh

(1d) ] + [Nh
(2fi) − Nh

(1fo) ]

Therefore, the frame change effect( 3.5) can be decomposed into a frame growth effect (3.9)
and a frame stratum flip effect (3.10):

Yc
(mf)

=
h
! [Nh

(2) − Nh
(1) ]'(phc

(1), phc
(2), ghc

(1), ghc
(2), yhc

(1), yhc
(2)

)

(3.9)=
h
! [Nh

(2b) − Nh
(1d) ]'(phc

(1), phc
(2), ghc

(1), ghc
(2), yhc

(1), yhc
(2)

)

(3.10)+
h
! [Nh

(2fi) − Nh
(1fo) ]'(phc

(1), phc
(2), ghc

(1), ghc
(2), yhc

(1), yhc
(2)

)

3.2.2 Average Value Change Decomposition

The difference in the average value of units in the survey samples between the two time
periods can be written as a function of:

! differences in the average value of common sample units between the two time
periods;

! differences in the average value of sample rotations in and common sample units
at the second time period;

! differences in the average value of sample flips in and common sample units at
the second time period;

! differences in the average value of sample births and common sample units at the
second time period;

! differences in the average value of sample rotations out and common sample
units at the first time period;

! differences in the average value of sample flips out and common sample units at
the first time period; and
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! differences in the average value of sample deaths and common sample units at
the first time period.

yhc
(2) − yhc

(1) = yhc
(2c) − yhc

(1c)

+
nhc

(2ri)

nhc
(2c) yhc

(2ri) − yhc
(2c) +

nhc
(2fi)

nhc
(2c) yhc

(2fi) − yhc
(2c) +

nhc
(2b)

nhc
(2c) yhc

(2b) − yhc
(2c)

+
nhc

(1ro)

nhc
(1c) yhc

(1c) − yhc
(1ro) +

nhc
(1fo)

nhc
(1c) yhc

(1c) − yhc
(1fo) +

nhc
(1d)

nhc
(1c) yhc

(1c) − yhc
(1d)

Therefore, the average value change effect (3.8) can be decomposed into a common sample
unit effect (3.11), a sample rotations in effect (3.12), a sample stratum flip in effect (3.13), a
sample birth effect (3.14), a sample rotations out effect (3.15), a sample stratum flip out effect
(3.16) and a sample death effect (3.17):

Yc
(mu)

=
h
! yhc

(2) − yhc
(1)
'(Nh

(1), Nh
(2), phc

(1), phc
(2), ghc

(1), ghc
(2)

)

(3.11)=
h
! yhc

(2c) − yhc
(1c)
'(Nh

(1), Nh
(2), phc

(1), phc
(2), ghc

(1), ghc
(2)

)

(3.12)+
h
!

nhc
(2ri)

nhc
(2c) yhc

(2ri) − yhc
(2c)
'(Nh

(1), Nh
(2), phc

(1), phc
(2), ghc

(1), ghc
(2)

)

(3.13)+
h
!

nhc
(2fi)

nhc
(2c) yhc

(2fi) − yhc
(2c)
'(Nh

(1), Nh
(2), phc

(1), phc
(2), ghc

(1), ghc
(2)

)

(3.14)+
h
!

nhc
(2b)

nhc
(2c) yhc

(2b) − yhc
(2c)
'(Nh

(1), Nh
(2), phc

(1), phc
(2), ghc

(1), ghc
(2)

)

(3.15)+
h
!

nhc
(1ro)

nhc
(1c) yhc

(1c) − yhc
(1ro)
'(Nh

(1), Nh
(2), phc

(1), phc
(2), ghc

(1), ghc
(2)

)

(3.16)+
h
!

nhc
(1fo)

nhc
(1c) yhc

(1c) − yhc
(1fo)
'(Nh

(1), Nh
(2), phc

(1), phc
(2), ghc

(1), ghc
(2)

)

(3.17)+
h
!

nhc
(1d)

nhc
(1c) yhc

(1c) − yhc
(1d)
'(Nh

(1), Nh
(2), phc

(1), phc
(2), ghc

(1), ghc
(2)

)

A description of the decomposition components (3.5 - 3.17) is presented in Appendix 1.

Under this average value change decomposition, the common sample unit effect (3.11) could
be considered to be inconsistent with the other average value effects (3.12 - 3.17). The
common sample unit effect compares the differences in the average value of common
sample units between the two time periods, while the other average value effects compare
differences in the average value of uncommon sample units and common sample units at a
single time period. 
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There are two main reason for adopting this average value change decomposition: (i) to
ensure that the average value effects sum to the average value change effect (3.8); and (ii) it
would appears to be logical to compare the average value of uncommon sample units with
the average value of common sample units at a the same time period, because if the
uncommon units have the same values as the common units then the decomposition effects
would be equal to zero.

In order for the other average value effects to be consistent with the common sample unit
effect, then the other average value effects would need to compare differences in the average
value of uncommon sample units at one time period and common sample units at the other
time period. However, the average value effects would not sum to the average value change
effect.

QUESTION 4:  Is it necessary for the common sample unit effect to be consistent with the
other average value effects?

In order to better interpret changes in the movement estimates, the primary and secondary
factors can be collapsed into the following six broad components:

(3.18)Yc
(m)

= Yc
(muc)

+ Yc
(mbd)

+ Yc
(msf)

+ Yc
(mr)

+ Yc
(md)

+ Yc
(mw)

where  is the common sample unit effect (3.11),  is the netYc
(muc)

Yc
(mbd)

= Yc
(mfg)

+ Yc
(mub)

+ Yc
(mud)

birth-death effect (3.9, 3.14, 3.17),  is the net stratum flip effectYc
(msf)

= Yc
(mfg)

+ Yc
(mufi)

+ Yc
(mufo)

(3.10, 3.13, 3.16) ,  is the net rotations effect (3.12, 3.15) ,  is theYc
(mr)

= Yc
(muri)

+ Yc
(muro)

Yc
(md)

domain change effect (3.6), and  is the weight adjustment change effect (3.7).Yc
(mw)

3.3 Decomposition of Movement Estimates of Rates

The movement estimates of a rate between the two time periods can be written as a function
of differences between the estimates of the numerator between the two time periods and
differences between the estimates of the denominator between the two time periods.
Therefore, the movement estimates of a rate can be decomposed into a numerator effect and
a denominator effect: 

Yc
(m)

=
Ac

(2)

Bc
(2) −

Ac
(1)

Bc
(1)

(3.19)= Ac
(2)

− Ac
(1) Bc

(1)
+ Bc

(2)

2Bc
(1)

Bc
(2)

(3.20)+ − Bc
(2)

− Bc
(1) Ac

(1)
+ Ac

(2)

2Bc
(1)

Bc
(2)
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The numerator effect and denominator effect can be further decomposed by decomposing
the movement estimates for the numerator  and the denominator  intoAc

(2)
− Ac

(1)
Bc

(2)
− Bc

(1)

the various decomposition components (3.5 - 3.17).

4. Decomposition "Replicate Variance" Methodology

4.1 The Bootstrap Variance Estimator

The bootstrap procedure for a stratified random sample selected without replacement (Shao
and Tu 1995) is to: (i) Select simple random samples  without replacement (SRSWOR) of srh

 units from the original sample of  units, independently within each stratum h.mh = [nh/2] nh

Let  equal 1 if  and zero otherwise. Calculate the bootstrap sampling weights:(rhi i"srh

(4.1)wri = wi 1 −
(1 − fh )mh
(nh − mh ) +

(1 − fh )mh
(nh − mh )

nh
mh (rhi

where  is the sampling fraction within stratum h. Calculate the bootstrap estimator offh = nh
Nh

:Yc

(4.2)Yrc =
ics
! wrigriyi

(ii) Independently replicate step (i) a large number of times, R, and calculate the bootstrap
estimates, .Y1c, Y2c, ..., YRc

(iii) The bootstrap variance estimator is given by the Monte Carlo approximation:

(4.3)Var(Yc ) =
r! Yrc − Yc

2

R − 1

where .Yc = r! Yrc

R

4.2 The Bootstrap Variance Estimator for Movement Estimates

The bootstrap procedure for estimating the variance of movement estimates for stratified
random samples selected without replacement is to: (i) Divide the units selected in the
survey into the three categories: ,  and . (ii) Withinsh

(c) = sh
(1) 3 sh

(2) sh
(1c) = sh

(1) 3 sh
(2) sh

(2c) = sh
(1) 3 sh

(2)

each of the three categories select simple random samples ,  and  withoutsrh
(c) srh

(1c) srh
(2c)

replacement (SRSWOR) of ,  and  units from themh
(c) = [nh

(c)/2] mh
(1c) = [nh

(1c)/2] mh
(2c) = [nh

(2c)/2]
original samples of ,  and  units, independently within each stratum h. Let  , nh

(c) nh
(1c) nh

(2c) (rhi
(c)

 and  equal 1 if ,  and , and zero otherwise. Calculate the bootstrap(rhi
(1c) (rhi

(2c) i"srh
(c) i"srh

(1c) i"srh
(2c)

sampling weights:

, if wri
(t) = wi

(t) 1 −
(1 − fh

(c) )mh
(c)

(nh
(c) − mh

(c) ) +
(1 − fh

(c) )mh
(c)

(nh
(c) − mh

(c) )
nh

(c)

mh
(c) (rhi

(c) i"sh
(c)
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wri
(t) = wi

(t) 1 −
(nh

(t)(1 − fh
(t) ) − nh

(c)(1 − fh
(c) ))mh

(tc)

nh
(tc)(nh

(tc) − mh
(tc) )

, if (4.4)+ wi
(t) (nh

(t)(1 − fh
(t) ) − nh

(c)(1 − fh
(c) ))mh

(tc)

nh
(tc)(nh

(tc) − mh
(tc) )

nh
(tc)

mh
(tc) (rhi

(tc ) i"sh
(tc)

where . Calculate the bootstrap movement estimator of :fh
(c) =

nh
(1)nh

(2)Nh
(c)

nh
(c)Nh

(1)Nh
(1) Yc

(m)

(4.5)Yrc
(m)

=
ics(2)
! wri

(2)gri
(2)yi −

ics(1)
! wri

(1)gri
(1)yi

(iii) Independently replicate step (ii) a large number of times, R, and calculate the bootstrap
estimates, .Y1c

(m)
, Y2c

(m)
, ..., YRc

(m)

(iv) The bootstrap variance estimator is given by the Monte Carlo approximation:

(4.6)Var(Yc ) =
r! Yrc

(m)
− Yc

(m)
2

R − 1

where .Yc
(m)

= r! Yrc
(m)

R

4.3 The Bootstrap Variance Estimator for Decomposition Components

The bootstrap movement estimator (4.5) can be written as the difference between a product
of four factors:

(4.7)Yrc
(m)

=
h
! Nh

(2)prhc
(2)grhc

(2)yrhc
(2) −

h
! Nh

(1)prhc
(1)grhc

(1)yrhc
(1)

where ,  and  represent the bootstrap estimates of ,  and :prhc
(t) grhc

(t) yrhc
(t) phc

(t) ghc
(t) yhc

(t)

prhc
(t) = i"shc

(t)
! wri

(t)

i"sh
(t)
! wri

(t)

grhc
(t) = i"shc

(t)
! wri

(t)gri
(t)yi

(t)

i"shc
(t)
! wri

(t)yi
(t)

yrhc
(t) = i"shc

(t)
! wri

(t)yi
(t)

i"shc
(t)
! wri

(t)
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Furthermore, the decomposition components (3.5 - 3.17) can be written as a function of , Nh
(t)

,  and :phc
(t) ghc

(t) yhc
(t)

(4.8)Yc
(&)

= )(&)(Nh
(1), Nh

(2), phc
(1), phc

(2), ghc
(1), ghc

(2), yhc
(1), yhc

(2)
)

Therefore, the bootstrap procedure for estimating the variance of decomposition
components is to: (i) Calculate the bootstrap estimator of , where:Y1c

(&)
, Y2c

(&)
, ..., YRc

(&)

(4.9)Yrc
(&)

= )(&)(Nh
(1), Nh

(2), prhc
(1) , prhc

(2) , grhc
(1) , grhc

(2) , yrhc
(1) , yrhc

(2)
)

(ii) The bootstrap variance estimator of the decomposition components is given by the
Monte Carlo approximation:

(4.10)Var Yc
(&)

=
r! Yrc

(&)
− Yc

(&)
2

R − 1

where .Yc
(&)

= r! Yrc
(&)

R

QUESTION 5:  Is it appropriate to use the bootstrap replicate weights to estimate the
variance of the decomposition components?

5. Simulation Study

A Monte Carlo simulation study was undertaken to measure the bias and variability of the
decomposition components and the bootstrap variance estimator of the decomposition
components. In the Monte carlo study, an artificial population  of 12,000 units was splitU
into three categories:  of 9,000 units,  of 1,000 units and U(c) = U(1) 3U(2) U(1c) = U(1) 3U(2)

 of 2,000 units. The characteristics of the population was generated usingU(2c) = U(1) 3U(2)

the following models: 

yi
(1) = xi +) i

(1)

yi
(2) = 1.1 % xi +) i

(2)

where ,  if ,  if ,  if , xi = abs(* i ) * i = N(0, 22.5) i"U(1c) * i = N(0, 25) i"U(c) * i = N(0, 27.5) i"U(2c)

 and .) i
(1) = N(0, xi ) ) i

(2) = N(0, xi )

All units in the population were randomly assigned to one of two stratum groups, and then
within these two stratum groups units were assigned to one of five strata, using stratum
boundaries 0-9, 10-19, 20-29, 30-49, 50+ based on  at the first time period andzi

(1) = int xi + + i
(1)

 at the second time period, where  and .zi
(2) = int xi + + i

(2) + i
(1) = N(0, xi ) + i

(2) = N(0, xi )
All units in the population were randomly assigned to one of two domains of interest. The
simulation population characteristics of the variable of interest are presented in Table 3.
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Table 3: Simulation Population Characteristics of the Variable of Interest

3,36537,70134,33615,42624,6899,2632

3,35137,36734,10615,99724,4848,4871

Movement
Stratum Flip
Population

Time 2
Flip Out

Population

Time 1
Flip In

Population

Movement
Birth Death
Population

Time 2
Birth

Population

Time 1
Death

PopulationDomain

5,86662,74556,87924,657125,135100,4782

5,75661,09955,34425,103122,95097,8471

Movement
Common

Population#

Time 2
Common

Population#

Time 1
Common

Population#
Movement
Population

Time 2
Population

Time 1
PopulationDomain

#The common population is defined as those units in the same stratum at both time periods.

A total of 10,000 independent simulated stratified samples were selected from the
population. In the first time period, stratified simple random samples without replacement
of 200 units, with equal allocation of , were selected from the population at the firstnh

(1) = 20
time period, . In the second time period, a stratified synchronised random samples ofU(1)

220 units, with equal allocation of  and , were selected from the populationnh
(2) = 22 nh

(c) = 14
at the second time period, .U(2)

The estimator used this study was the generalised regression estimator (2.2), with  equal to
i
X

the population totals for the two auxiliary variables  at the stratum group level,
i
x

i
= x1i, x2i

and .ci&2 = 1

The relative biases (RB) and the relative root mean squared errors (RRMSE) of the
decomposition components were estimated by:

RB Yc
(&)

= 1
Yc

(m)
1

10, 000
10,000

k=1
! Ykc

(&)
− Yc

(&)

RRMSE Yc
(&)

= 1
Yc

(m)
1

10, 000
10,000

k=1
! Ykc

(&)
− Yc

(&)
2

where are the decomposition components (3.5 - 3.17) under the kth simulation sampleYkc
(&)

and  are the decomposition components (3.5 - 3.17) under a complete census of theYc
(&)

population at the two time periods. The estimated RB and RRMSE of the decomposition
components for the variable of interest are presented in Table 4.
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Table 4: Estimated Relative Biases and Relative Root Mean Squared Errors
of the Decomposition Components

8.127.06.08.69.76.129.92

7.526.65.98.69.46.029.31

Estimated Relative Root Mean Squared Errors (%)

2.00.60.0-2.51.20.01.42

1.8-0.50.1-2.91.0-0.4-0.81

Estimated Relative Biases (%)

505-3252-62114,56810,88425,0112

46133819-49213,79410,77724,8971

Average Simulation Estimates

0-4850-1114,26010,89424,6572

0468023513,53110,87025,1031

Population Values

Weight
Adjust
Change
Effect
Yc

(mw)

Domain
Change
Effect
Yc

(md)

Net
Rotations

Effect
Yc

(mr)

Net
Stratum

Flip
Effect
Yc

(msf)

Net
Birth
Death
Effect
Yc

(mbd)

Common
Sample

Unit
Effect
Yc

(muc)
Movement

 YcDomain

The results of the simulation study found that the estimated relative biases of the
decomposition components are quite small. These results indicate that the expected value of
the common sample unit effect (3.11) is approximately equal to the common population unit
effect, but it is not equal to the difference in the population values of the common
population units:

E(Y
(muc)

) l Y(muc) ! Y(2c) − Y(1c)

Furthermore, the expected value of the net birth-death effect (3.10 plus 3.13 plus 3.16) and
the net stratum flip effect (3.9 plus 3.14 plus 3.17) are approximately equal to the true
population net birth-death effect and net stratum flip effect, but they are not equal to the
difference in the population values of their respective population units:

E(Y
(mfg)

+ Y
(mub)

+ Y
(mud)

) l Y(mfg) + Y(mub) + Y(mud) ! Y(2c ) − Y(1c )

E(Y
(mff)

+ Y
(mufi)

+ Y
(mufo)

) l Y(mff) + Y(mfi) + Y(mufo) ! Y(2fi) − Y(2fo)

QUESTION 6:  Is it necessary for the expected value of the common sample unit effect,
the net birth-death effect, and the net stratum flip effect to be equal to the differences in
the population values of their respective population units?

The RB and RRMSE for the bootstrap standard error estimator of the decomposition
components were estimated by:
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  RB SE Yc
(&)

= 1
SE(Yc

(&) )
1

10, 000
10,000

k=1
! SE Ykc

(&)
− SE(Yc

(&) )

RRMSE SE Yc
(&)

= 1
SE(Yc

(&) )
1

10, 000
10,000

k=1
! SE Ykc

(&)
− SE(Yc

(&) )
2

where  are the bootstrap standard errors of the decomposition components underSE Ykc
(&)

the kth simulation sample and  is the estimated trueSE(Yc
(&) ) = 1

10, 000
10,000

k=1
! Ykc

(&)
− Yc

(&)
2

standard error of the decomposition components. The estimated RB and RRMSE for the
bootstrap standard error estimator of the decomposition components for the variable of
interest are presented in Table 5.

Table 5: Estimated Relative Biases and Relative Root Mean Squared Errors for the
Bootstrap Standard Error of the Decomposition Components

28.28.722.924.116.912.18.82

30.08.623.223.616.611.48.81

Estimated Relative Root Mean Squared Errors (%)

21.92.09.210.05.01.01.92

23.62.09.611.25.60.61.91

Estimated Relative Biases (%)

2,3576,7841,6202,2252,4941,5317,4982

2,2596,7971,6322,2492,4661,5167,4881

Average Simulation Estimates

1,9336,6491,4832,0232,3751,5167,3582

1,8276,6651,4892,0232,3371,5077,3511

Estimated Population Values

Weight
Adjust
Change
Effect
Yc

(mw)

Domain
Change
Effect
Yc

(md)

Net
Rotations

Effect
Yc

(mr)

Net
Stratum

Flip
Effect
Yc

(msf)

Net
Birth
Death
Effect
Yc

(mbd)

Common
Sample

Unit
Effect
Yc

(muc)
Movement

 YcDomain

The results of the simulation study found that the estimated relative biases for the bootstrap
variance estimator of the decomposition components are reasonably small, with the
exception of the weight change adjustment effect. 

QUESTION 7:  Is the size of the estimated relative biases for the bootstrap variance
estimator of the weight change adjustment effect problematic?
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6. Using the Decomposition Methodology to Identify Irregularities

The decomposition methodology has dual purposes. Firstly, it can be used as a tool to better
understand the key factors that are driving the movements in the estimates. It has the
potential to identify problems which might influence the movements in the estimates, such
as unexpected levels of birthing or deathing of units in the population of interest, unusual
combinations of units rotating into and out of the sample, and errors in the auxiliary
benchmark values or auxiliary benchmark totals.

Secondly, it can be used as a macro editing tool to assist in the output editing of sample
surveys. It has the potential to identify suspicious movements in the aggregate level
estimates (using the decomposition components presented in Section 3.1 and 3.2), and then
drill down to the micro level data to identify units with the largest impact on the movement
estimates (using the unit level contributions to the decomposition components presented in
Section 6.1). The suspicious movements in the aggregate level estimates can be investigated
by looking at the size of decomposition components relative to the standard errors on the
decomposition components as well as looking at the size of the decomposition components
compared to the time series of the decomposition components.

6.1 Unit Contributions to Decomposition Components

The unit contributions to the movement estimates will have contributions from each of the
four factors. The contribution of unit i to the frame change effect (3.5) is give by:

, if Yci
(mf)

= '(phc
(1), phc

(2), ghc
(1), ghc

(2), yhc
(1), yhc

(2)
) i"Uh

(fi), Uh
(b)

, if Yci
(mf)

= −'(phc
(1), phc

(2), ghc
(1), ghc

(2), yhc
(1), yhc

(2)
) i"Uh

(fo), Uh
(d)

The contribution to unit i to the domain change effect (3.6) is given by:

, if Yci
(mu)

=
phc

(2) − phc
(1)

2nhc
(1) +

phc
(2) − phc

(1)

2nhc
(2) '(Nh

(1), Nh
(2), ghc

(1), ghc
(2), yhc

(1), yhc
(2)

) i"sh
(c)

, if Yci
(mu)

=
phc

(2) − phc
(1)

2nhc
(2) '(Nh

(1), Nh
(2), ghc

(1), ghc
(2), yhc

(1), yhc
(2)

) i"sh
(ri), sh

(fi), sh
(b)

, if Yci
(mu)

=
phc

(2) − phc
(1)

2nhc
(1) '(Nh

(1), Nh
(2), ghc

(1), ghc
(2), yhc

(1), yhc
(2)

) i"sh
(ro), sh

(fo), sh
(d)

The contribution of unit i to the weight adjustment change effect (3.7) is given by:

, if Yci
(mu)

=
ghc

(2) − ghc
(1)

2nhc
(1) +

ghc
(2) − ghc

(1)

2nhc
(2) '(Nh

(1), Nh
(2), phc

(1), phc
(2), yhc

(1), yhc
(2)

) i"sh
(c)

, if Yci
(mu)

=
ghc

(2) − ghc
(1)

2nhc
(2) '(Nh

(1), Nh
(2), phc

(1), phc
(2), yhc

(1), yhc
(2)

) i"sh
(ri), sh

(fi), sh
(b)
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, if Yci
(mu)

=
ghc

(2) − ghc
(1)

2nhc
(1) '(Nh

(1), Nh
(2), phc

(1), phc
(2), yhc

(1), yhc
(2)

) i"sh
(ro), sh

(fo), sh
(d)

The contribution of unit i to the average value change effect (3.8) is given by:

, if Yci
(mu)

=
yhi

(2)

nhc
(c) −

yhi
(1)

nhc
(c) '(Nh

(1), Nh
(2), phc

(1), phc
(2), ghc

(1), ghc
(2)

) i"sh
(c)

, if Yci
(mu)

=
yhi

(2)

nhc
(2) −

yhc
(2)

nhc
(2) '(Nh

(1), Nh
(2), phc

(1), phc
(2), ghc

(1), ghc
(2)

) i"sh
(ri), sh

(fi), sh
(b)

, ifYci
(mu)

=
yhc

(1)

nhc
(1) −

yhi
(1)

nhc
(1) '(Nh

(1), Nh
(2), phc

(1), phc
(2), ghc

(1), ghc
(2)

) i"sh
(ro), sh

(fo), sh
(d)

6.2 Ability of the Decomposition Methodology to Identify Irregularities

(i) Example 1: Unusual Rotation Combinations

A single simulation sample from the simulation study was used to examine the impact of
unusual combinations of units rotating into and out of the sample. Various combinations of
the smallest and largest units were rotated into and out of the sample at the second time
period. The estimates and standard errors on the decomposition components of using these
unusual rotation combinations are presented in Table 6.

Table 6: Impact on Decomposition Components of Unusual Rotation Combinations 

-5,002
(2,648)

-5,787
(6,748)

7,598*
(3,287)

-104
(2,594)

14,089*
(2,490)

11,407*
(1,424)

22,202*
(8,188)

125,503103,302Largest units
rotated in

3,230
(2,189)

-2,739
(6,295)

-7,259*
(2,902)

-81
(2,685)

14,109*
(2,636)

11,955*
(1,473)

19,216*
(6,965)

122,518103,302Smallest units
rotated in

3,068
(2,302)

-246
(6,446)

-6,616*
(2,323)

-470
(2,368)

14,770*
(2,599)

11,596*
(1,526)

22,102*
(8,227)

125,404103,302Largest units
rotated out

-2,337
(2,167)

2,358
(6,991)

4,383*
(1,847)

-133
(2,529)

13,598*
(2,531)

12,745*
(1,573)

30,614*
(7,176)

133,915103,302Smallest units
rotated out

307
(2,213)

-468
(6,539)

474
(1,524)

-206
(2,679)

14,533*
(2,580)

12,004*
(1,467)

26,664*
(7,197)

129,965103,302No
adjustments

Weight
Adjust
Change
Effect

Yc
(mw)

Domain
Change
Effect

Yc
(md)

Net
Rotations

Effect

Yc
(mr)

Net
Stratum

Flip
Effect

Yc
(msf)

Net 
Birth
Death
Effect

Yc
(mbd)

Common
Sample
Effect

Yc
(muc)

Movement
Estimate

Yc
(m)

Time 2
Estimate

Yc
(2)

Time 1
Estimate

Yc
(1)

Rotation
Combinations

* Significantly different from zero at the 95% confidence level.
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The unusual rotation combinations had substantial impacts on the net rotations effect. Since
the net rotations effect were significantly different from zero at the 95% confidence level,
further investigations would be undertaken in order to identify the underlying reasons
behind the large net rotations effects. The unusual rotation combinations also had an large
impact on the weight adjustment change effect. The larger weight adjustment change effects
occurred because units with the very small and very large auxiliary benchmark values were
rotated into and out of the sample at the second time period, since the reported values are
highly correlated with benchmark variables.

(ii) Example 2: Invalid Benchmark Totals

A single simulation sample from the simulation study was used to examine the impact of
errors in the auxiliary benchmark totals. The auxiliary benchmark totals at the second time
period were modified by constant factors ranging between 0.95 to 1.05. The estimates and
standard errors on the decomposition components of using these invalid auxiliary
benchmark totals are presented in Table 7.

Table 7: Impact on Decomposition Components of Invalid Benchmark Totals

37,179*
(4,039)

-1,924
(9,089)

-393
(1,824)

-120
(2,567)

18,582*
(2,932)

13,778*
(1,978)

67,102*
(11,214)

167,242100,1411.05

6,507*
(2,266)

-1,831
(7,947)

-331
(1,603)

-120
(2,325)

16,287*
(2,590)

12,162*
(1,774)

32,674*
(8,853)

132,815100,1411.01

-6,710*
(2,049)

-1,791
(7,457)

-304
(1,509)

-120
(2,222)

15,298*
(2,445)

11,466*
(1,687)

17,840*
(8,000)

117,980100,1410.99

-29,434*
(2,839)

-1,722
(6,619)

-258
(1,349)

-120
(2,047)

13,598*
(2,198)

10,269*
(1,541)

-7,666
(6,910)

92,474100,1410.95

-267
(2,088)

-1,811
(7,696)

-317
(1,555)

-120
(2,271)

15,780*
(2,516)

11,805*
(1,729)

25,072*
(8,400)

125,212100,1411.00

Weight
Adjust
Change
Effect

Yc
(mw)

Domain
Change
Effect

Yc
(md)

Net
Rotations

Effect

Yc
(mr)

Net
Stratum

Flip
Effect

Yc
(msf)

Net 
Birth
Death
Effect

Yc
(mbd)

Common
Sample
Effect

Yc
(muc)

Movement
Estimate

Yc
(m)

Time 2
Estimate

Yc
(2)

Time 1
Estimate

Yc
(1)

Benchmark
Total

Adjust
Factor

* Significantly different from zero at the 95% confidence level.

Errors in the auxiliary benchmark totals as little as one percent had substantial impacts on
the weight adjustment change effect. Since the weight adjustment change effect  were
significantly different from zero at the 95% confidence level, further investigations would be
undertaken in order to identify the underlying reasons behind the large weight adjustment
change effect.
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(ii) Example 3: Extreme Reported Values

A single simulation sample from the simulation study was used to examine the impact of
extreme reported values. A total of four units; one common sample unit (#01011), one
sample rotation in (#02609), one sample flip in (#01500) and one sample birth (#01080); were
modified by adding 100 to their reported values at the second time period. The estimates
and standard errors on the decomposition components of using these four units with
extreme reported values are presented in Table 8.

Table 8: Impact on Decomposition Components of Extreme Reported Values 

733
(2,593)

1,925
(6,553)

4,808
(4,850)

4,482
(6,914)

17,856*
(4,045)

20,379*
(9,976)

50,182*
(14,536)

146,83396,651Extreme
values

-463
(2,318)

280
(6,163)

-475
(1,114)

-906
(2,618)

17,905*
(2,675)

10,570*
(1,516)

26,910*
(6,939)

123,56196,651No extreme
values

Weight
Adjust
Change
Effect

Yc
(mw)

Domain
Change
Effect

Yc
(md)

Net
Rotations

Effect

Yc
(mr)

Net
Stratum

Flip
Effect

Yc
(msf)

Net 
Birth
Death
Effect

Yc
(mbd)

Common
Sample
Effect

Yc
(muc)

Movement
Estimate

Yc
(m)

Time 2
Estimate

Yc
(2)

Time 1
Estimate

Yc
(1)

Extreme
Values

* Significantly different from zero at the 95% confidence level.

Although these four units with extreme reported values did not result in the net stratum flip
effect or the net rotations effect to be significantly different from zero at the 95% confidence
level, further investigations would be undertaken in order to identify the underlying reasons
behind the unexpectedly large movement estimate. The ten largest unit contributions to the
movement estimates using these four extreme reported values are presented in Tables 9 and
10.

Table 9: Largest Unit Contributions to Movement Estimates
Without Extreme Values

-1,271.1
-1,154.0

887.6
885.2
829.8
785.2
681.2

-670.6
663.2

-658.3

-1,392.9
-1,124.9

765.8
774.2
596.9
803.6
448.4

-533.9
430.3

-769.4

-11.8
14.3

-11.8
-14.7
-26.5
14.3

-26.5
-23.9
-26.5
-14.7

115.3
-38.0
115.3
144.1
259.4
-38.0
259.4
-89.7
259.4
144.1

18.3
-5.4
18.3

-18.3
0.0
5.4
0.0

-23.1
0.0

-18.3

Flip In
Flip Out
Birth
Flip Out
Common Unit
Birth
Common Unit
Rotations Out
Common
Flip Out

13.6
n.a.
64.0
n.a.
60.3
24.4
64.4
n.a.
43.8
n.a.

n.a.
28.2
n.a.
27.3
53.3
n.a.
59.2
46.6
38.8
56.2

A
B
C
D
E
F
G
H
I
J

Total
Contribution

Unit
Value

Contribution

Weight
Adjustment

Change
Contribution

Domain
Change

Contribution

Frame
Change

Contribution
Decomposition

Effect
Time 2
Value

Time 1
ValueUnit
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Table 10: Largest Unit Contributions to Movement Estimates
With Extreme Values

10,266.1
6,593.5
5,161.3
1,461.2

-1,271.1
-1,154.0

887.6
885.2
829.8

-810.5

9,810.9
6,566.8
4,968.6
1,510.9

-1,392.9
-1,124.9

765.8
774.2
596.9

-1,003.3

181.1
9.6

74.1
-37.3
-11.8
14.3

-11.8
-14.7
-26.5
74.1

274.1
6.9

112.1
-45.4
115.3
-38.0
115.3
144.1
259.4
112.1

0.0
10.2
6.5

32.9
18.3
-5.4
18.3

-18.3
0.0
6.5

Common Unit
Flip In
Rotations In
Birth
Flip In
Flip Out
Birth
Flip Out
Common Unit
Birth

105.5
125.5
100.6
166.2
13.5
n.a.
64.0
n.a.
60.3
1.6

5.5
n.a.
n.a.
n.a.
n.a.
28.2
n.a.
27.3
53.3
n.a.

K
L
M
N
A
B
C
D
E
O

Total
Contribution

Unit
Value

Contribution

Weight
Adjustment

Change
Contribution

Domain
Change

Contribution

Frame
Change

Contribution
Decomposition

Effect
Time 2
Value

Time 1
ValueUnit

The four units with extreme reported values were the four largest contributors to the
movement estimates, and since the contribution of three of these units were much greater
than the other units, these units would be given the highest priority in the output editing of
the survey.

7. Conclusion

The proposed decomposition of the movement estimates into primary and secondary factors
is just one of many possible approaches to the decomposition of the movement estimates.
This decomposition methodology is consistent with the generalised regression estimator
currently used in ABS business surveys, and the existing bootstrap variance estimation
methodology can be used to produce approximate variances for the various decomposition
components.

This decomposition methodology can be used as a tool to better understand the key factors
that are driving the movements in the estimates and as a macro editing tool to assist in the
output editing of sample surveys. It has the ability to identify suspicious movements in the
aggregate level estimates and then to drill down to the micro level data to identify units
with the largest impact on the movement estimates.

This decomposition methodology has been implemented in a number of ABS Business
Surveys, although the variances for the decomposition components have yet to be
implemented. Although the decomposition methodology has proven useful to users, the
users have had some difficulties with the interpretation of the decomposition components
and understanding the significance of the size of the decomposition components. It is
envisaged that the availability of variances for the decomposition components, longer time
series of the decomposition components, and training on the interpretation of the
decomposition components might alleviate this limitation. Another limitation of the
decomposition methodology is the lack of a link to the final published seasonally adjusted
movement estimates.
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Appendix: Descriptions of the Movement Decomposition Components

Lower average value of
common sample units at the
second time period than at
the first time period

Higher average value of
common sample units at the
second time period than at
the first time period

Measures the impact on
the movement estimates of
differences in the average
value of common sample
units between the two
time periods.

Common Sample
Unit Effect (3.11)

Measures the impact on
the movement estimates of
changes in the average
value of units of the
variable of interest
between the two time
periods.

Average Value
Change Effect (3.8)

Lower weighted average
g-weights at the second time
period than at the first time
period.

Higher weighted average
g-weights at the second time
period than at the first time
period.

Measures the impact on
the movement estimates of
changes in the weighted
average g-weight between
the two time periods.

Weight Adjustment
Change Effect (3.7)

Lower estimated proportion
of units within domain of
interest at the second time
period than at the first time
period.

Higher estimated proportion
of units within domain of
interest at the second time
period than at the first time
period.

Measures the impact on
the movement estimates of
changes in the estimated
proportion of units within
the domain of interest
between the two time
periods.

Domain Change
Effect (3.6)

Units have flipped out of
strata with a higher average
value of units and flipped
into strata with a lower
average value of units.

Units have flipped out of
strata with a lower average
value of units and flipped
into strata with a higher
average value of units.

Measures the impact on
the movement estimates of
the net difference between
the number of units on the
survey frame that flipped
into and out of strata
between the two time
periods.

Frame Stratum Flip
Effect (3.10)

Smaller number of units
birthed on the survey frame
than deathed on the survey
frame, or units deathed on
the survey frame occur within
strata with a higher average
value of units, or units
birthed on the survey frame
occur within strata with a
lower average value of units.

Larger number of units
birthed on the survey frame
than deathed on the survey
frame, or units deathed on
the survey frame occur within
strata with a lower average
value of units, or units
birthed on the survey frame
occur within strata with a
higher average value of units.

Measures the impact on
the movement estimates of
the net difference between
the number of units
birthed and deathed on
the survey frame between
the two time periods.

Frame Growth
Effect (3.9)

Measures the impact on
the movement estimates of
changes in the number of
units on the survey frame
between the two time
periods.

Frame Change
Effect (3.5)

Negative EffectPositive EffectDescription
Decomposition

Component
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Higher average value of
sample deaths than common
sample units at the first time
period.

Lower average value of
sample deaths than common
sample units at the first time
period.

Measures the impact on
the movement estimates of
differences in the average
value of sample deaths
and common sample units
at the first time period.

Sample Death
Effect (3.17)

Higher average value of
sample flips out than
common sample units at the
first time period.

Lower average value of
sample flips out than
common sample units at the
first time period.

Measures the impact on
the movement estimates of
differences in the average
value of sample that
flipped out of strata and
common sample units at
the first time period.

Sample Stratum Flip
Out Effect (3.16)

Higher average value of
sample rotations out than
common sample units at the
first time period.

Lower average value of
sample rotations out than
common sample units at the
first time period.

Measures the impact on
the movement estimates of
differences in the average
value of sample rotations
out and common sample
units at the first time
period.

Sample Rotations
Out Effect (3.15)

Low average value of sample
births than common sample
units at the second time
period.

Higher average value of
sample births than common
sample units at the second
time period.

Measures the impact on
the movement estimates of
differences in the average
value of sample births and
common sample units at
the second time period.

Sample Birth
Effect (3.14)

Low average value of sample
flips in than common sample
units at the second time
period.

Higher average value of
sample flips in than common
sample units at the second
time period.

Measures the impact on
the movement estimates of
differences in the average
value of sample that
flipped into strata and
common sample units at
the second time period.

Sample Stratum Flip
In Effect (3.13)

Low average value of sample
rotations in than common
sample units at the second
time period.

Higher average value of
sample rotations in than
common sample units at the
second time period.

Measures the impact on
the movement estimates of
differences in the average
value of sample rotations
in and common sample
units at the second time
period.

Sample Rotations
In Effect (3.12)

Negative EffectPositive EffectDescription
Decomposition

Component
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