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1. Executive summary

The ONS has completed the work carried out in response to recommendation 1 of the review of the Average Earnings
Index and Average Weekly Earnings (Weale, 2008 p 5) “AWE should not become a National Statistic until further work
has been carried out on the possible use of matched pairs. This work needs to compare the use of matched pairs or a
combination of imputation and matched pairs with the existing AWE methodology to see which produces more reliable
estimates of annual growth rates.”

This note describes that work and supersedes the previous update (Parkin et al., 2009). The result of the work is that:

the ONS recommends that AWE continue to be calculated using the full sample from the Monthly Wages and
Salaries Survey. This is recommended because the advantage of using matched pairs, being small and extremely
short lived, is insufficient to outweigh the cost of changing the estimator.

It has been calculated that the standard error of one month growth in AWE, using the current method, would be 36% larger
than the standard error of the matched sample estimator. The difference in standard error of growth over two months (lag
2) is 11%, which is much smaller than the difference at lag 1, the difference is smaller still for lag 3. There is no large
difference between the standard errors of the two estimators after lag 3. These points are summarised in table 1, which
shows the mean' of a measure of the advantage of matched pairs. The advantage is defined as the ratio of the standard
error of change of the full sample estimator to the standard error of change of the matched sample estimator. This means
that when the matched sample estimator is more precise the advantage is greater than one, and when the full sample
estimator is more precise the advantage is less than one. When the advantage is one then the two estimators have the same
precision.

lag 1 2 3 6 12 18
advantage 1.36 1.11 1.05 1.01 1.00 0.99

Table 1. The average advantage of the matched sample AWE for
selected lags in the time span Aug. 2000 to Dec. 2008.

It should be noted that due to resource constraints no account has been made of bias in the matched sample estimator”. It is
clear from earlier work on the estimator for retail sales (Kokic and Jones, 1998) that the likely bias will increase the mean
square error of the matched sample estimator, and more so at larger lags. The reader can find an extended justification for
the recommendation in the conclusion, section 4.

The slight advantage of the matched sample estimator, where it exists, is due to: (a) a higher correlation between
successive estimates; and (b) being less susceptible to sample rotation and outliers (when outliers are not treated). These
points are explained in more detail in the results section, but there is first a brief description of the methods used to
calculate the standard error ratios.

2. Method
2.1 Theory

From theory, one would anticipate that estimating the series using the matched sample would result in smaller variances of
short-term movement than from using the full sample, because of a higher correlation between successive estimates.
However, one would anticipate that the variances of longer-term movement would be larger using a matched sample,
because the size of the matched sample will be smaller than the full sample and the diminishing correlations will have little
impact over longer time periods.

The research described in this note was carried out to determine the effect, on the variance of growth, of using the matched
sample estimator for AWE. Due to the practical difficulties in estimating the bias, no attempt was made to estimate the
effect of the matched sample on the bias.

" In order to avoid bias in calculating the mean of ratios, the mean has been calculated by taking the exponent of the
arithmetical mean of the log standard error ratio.
? This would have involved the simulation described in Weale’s report (pp42-3).



The theoretical work, carried out by Wood, 2008, was technically challenging and a number of simplifying assumptions
were made in order to make progress, details can be found in annex A. In brief, the variance of the difference in the levels
of AWE was calculated using the following formulae, for the full sample AWE,

Vir= Var(/&t _l[lt—L) = Va’r(l[}t ) + Var(/&z—L)_ 2COV(/&t’/&t—L) )

where ,[tt is the estimate of level of AWE at time t, based on the full sample, ,[ltf , 18 the estimate of level of AWE at time

t-L, based on the full sample, where L is the time lag (the lag in the span of time over which differences are being
compared). For the AWE calculated on the matched sample, the estimate of variance of the same difference is,

VM,L = Var (:[’t - l[lt—L ) = Var (l[lt,t—l ) + Var (l[lt—L,t—L-H ) —2Cov (/[lt,t—l > l[lt—L,t—L+l ) 2)

where ,[1[ .1 1s the estimate of the level of AWE at time t, based on the sample matched at times t and t-1, ,[IF Li—14 18 the

estimate of the level of AWE at time t-L, based on the sample matched at times t and t-L+1. The formulae used to calculate
the variances can be found in annex B.

The square root of the ratio of these two variances, , /VF, ./ VM, . » was calculated as a measure of the advantage, at lag L,
of the matched sample estimator relative to the full sample estimator.
2.2 Practical issues - Outliers

Outliers have a huge effect on estimates of variance, therefore the method of identification and treatment of outliers has the
potential to significantly alter the results and the conclusions drawn from them. It was therefore necessary to treat outliers
for the two estimators in a fair way, so that valid inferences would result from comparisons of the two sets of variance
estimates.

For the current AWE it seems reasonable to calculate variances affer applying the current method for identifying and
treating outliers. However, the question of how to identify and treat outliers for a matched sample type AWE is open, since
that estimator does not exist. It is certainly not reasonable to assume that the outlier methods used currently on AWE are
appropriate.

Consequently, it was necessary to choose to either (a) speculate, and develop some outlier methods for a matched sample
type estimator, or (b) not treat outliers in either the current AWE or the matched sample type estimator. Choice (a) was
rejected because the effort required to produce a good method would be considerable, and it would not be fair to compare a
less than good method with that of the current AWE, whose outlier methods have been demonstrated to be excellent.

Thus, it was decided that no routine outlier identification and treatment would be applied to either the current AWE or the
matched sample AWE. The assumption being made when making this choice is that the outlier methods used for a matched
sample type AWE would be as effective as the current methods used on AWE. This choice had the added benefit of
making our work independent of the work, being carried out in parallel to ours, to investigate possible improvements to the
outlier methods for the current AWE (Finselbach et al., 2009).

It was found that there were a small number of firms that were having a large effect on the variances of both the estimators,
and making it impossible to make inferences. Some of these firms would have been identified as outliers using the current
method, some would not. The history and behaviour of these firms was investigated, and where appropriate their returns
were treated. The treatment consisted either of re-labelling the firm identifiers or excluding the firm from the calculations,
there were only 29 firms treated in this way.



3. Results

The graph in figure 1 shows the estimated standard error of one month growth in AWE, for both the current and matched
sample estimators, for weekly pay excluding bonuses. The standard error is in units of percentage points. Both series are
volatile but it can be seen that the variance of the matched pair estimator is typically smaller than that of the current AWE,
though there are some exceptions especially towards the end of the time span considered. It is also noticeable that the
estimates of variance for the matched sample estimator are less affected by the changes to the AWE sample that occur in
December each year. The matched sample estimator is less affected by outliers because some firms with extremes of pay
are in the full sample but not the matched sample.
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The graph in figure 2 shows the standard error of growth over 3 months (that is lag 3). It is clear that most of any advantage
in standard error for the matched sample estimator is gone, and the two series appear remarkably similar.



Standard error on Full v Matched Sample, Lag=3
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There is another reason for the advantage of the matched sample estimator, apart from the reduced susceptibility to sample
changes and outliers (that was illustrated in figure 1.). The standard error of the matched sample estimator is smaller
because the estimates in successive months are on average more highly correlated, this can be seen from an examination of
figure 3. The graph shows the average, over the months Aug 2000 to Dec 2008, of correlations for the full sample estimates
at each lag joined by a red line, and those for the matched sample estimates joined by a blue line. A box and whiskers is
also plotted for each lag, showing the upper and lower quartiles, and minimum and maximum, of the correlations.
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Figure 3 — Correlations between estimates at different lags.

The relative standard error of the two estimators is shown in a different way in figure 4. That plot shows the advantage of
the matched sample estimator for growth over each pair of months in the span Aug. 2000 to Dec. 2008, lags 1 to 18. The
ratio of standard errors is colour coded, with those most favourable to matched sample estimator being red (larger values of
the ratio), and those most favourable to the full sample estimator being purple (lower values of the ratio). (Note that entries
on the diagonal, representing growth over 0 months, have been set to missing. Also, the method used to make the plot
performs some interpolation between values.) The graph illustrates that the matched sample estimator is better for small
lags, shown by the red near the diagonal, and that this advantage is not uniform over the whole period, shown for example
by blues near the diagonal around the middle of 2004 and through much of 2008.
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Figure 4 — Smoothed contour plot of the relative advantage of the
matched sample estimator to the full sample estimator, calculated up
to lag 18.

4. Conclusions

The results presented above somewhat exaggerate the case for the matched sample estimator for AWE. This is for two
reasons.

Firstly, there have been theoretical and practical problems to solve in order to complete this work. In order to solve those
problems assumptions have been made — and in such a way as to favour the matched sample estimator, or be neutral with
respect to both estimators.

Secondly, the bias of the matched sample estimator has not been estimated. It is clear from earlier work on the estimator
for retail sales (Kokic and Jones, 1998) that the likely bias will increase the mean square error of the matched sample
estimator, and more so at larger lags.

The calculations reported in section 3 demonstrate a small advantage in standard error for the matched sample estimator at
lag 1, however this advantage rapidly peters out, and by lag 3 it is tiny. This is the best that could be expected from the
matched sample estimator, in practice it is bound not to perform so well for the two reasons given above.

The cost of changing from the current system to a matched sample estimator is likely to be large. The costs would include
those for:

(1) changing the software used to routinely calculate AWE, together with that used to support the statistician in
charge, and training the compilers of these statistics;

(2) developing and implementing a new outlier procedure;
(3) delay in making AWE a national statistic, and thus the need to support two short term measures of earnings.
Furthermore, the work to change to the matched sample estimator would take considerable time to complete.

No formal cost/benefit analysis has been carried out to support the recommendation because it is sufficiently clear that the
benefits of a small, and a very short term, gain in efficiency could not outweigh the substantial costs of changing to the



matched sample estimator. Furthermore, there is no advantage at lag 12, that is for annual growth, the target of the
recommendation of Weale (2008).
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Annex A
Extract from Wood (2008).

This document presents a theoretical analysis to compare the relative efficiency of matched sample against the use of level
estimates in the estimation of growth rates. Previous empirical work (Kokic & Jones, 1998 and Smith et al, 2003) suggests
that matched sample is better (that is, has smaller mean squared error) for short-term growth rates but that it suffers from
long-term, random drift, becoming progressively worse for the estimation of longer term growth rates and for the
estimation of levels. The long-term drift can be corrected by benchmarking to level estimates but this leads to extensive,
backdated revisions.

This theoretical work is part of a project to address this question with the aim of deciding on the best formulation for
Average Weekly Earnings (AWE), as recommended in Weale (2008):

Recommendation 1. (page 43). The role of matched pairs in dealing with missing observations and sample rotation
AWE should not become a National Statistic until further work has been carried out on the possible use of
matched pairs. This work needs to compare the use of matched pairs or a combination of imputation and
matched pairs with the existing AWE methodology to see which produces more reliable estimates of annual
growth rates. (Recommendation 1).

The analysis below inevitably includes some simplifications. However, the intention is to produce results that are as
general as possible in order to be able to assess the most important influences on the variance of growth rates. The effects
of two particular complications that are prevalent in ONS business surveys, namely stratification and finite population
corrections, are discussed briefly at various points in the analysis but to assess their actual effects requires examining the
effects of the particular sample designs and study populations concerned on the parameters presented in the analysis.

Basic Parameters

We start with the simple situation of a fixed population and a fixed sample (that is, a panel of units which was selected
randomly at some time in the past). We wish to estimate the mean £, of some response variable for a succession of time
periods ¢. For AWE, we are concerned with weekly earnings and each time period is a month. For convenience and to
match the context, we shall use month as the period but the analysis applies equally to any other sampling frequency, such
as quarter or year, although suitable values for the parameters in the analysis would be different.

In this situation, there is no difference in the sample between matched pairs and level estimation. We assume that the
estimation methods used are coherent, in the sense that, for this simple scenario, the matched pairs estimate of (4, — K,_, )

is equal to the difference between the level estimates Hi and M1 Note that we make no assumptions about the actual
method of estimation, only that the two methods are coherent in the sense described in the previous sentence, that

estimators for sub-populations may be added, with appropriate weighting, to obtain the aggregate estimator Hy and that is
an unbiased estimator of the population mean £, . Note also that, for ease of analysis, we shall assess the effect of changes
in sampling structure on differences between estimates rather than growth rates. This avoids the complications of adjusting

for the normalising denominator in growth rates. It is unlikely that applying the analysis to growth rates would have much
impact on the conclusions.

In this simple, basic scenario, we define the following parameters:

2 N R
O, =var . . .
! [’u’ ] . the variance of the level estimate * in month t

covl 4]
st T ~ A
0,0, : the coefficient of correlation between level estimates H and Hy (s#t).
2
We may then express the variance of change in terms of the parameters {O-‘ } and {'0 st } . For month ¢ and lag /
Var[,&, - /[lt—l ]

(I=1,2,3,...), consider . We can assess this in two ways, on the level estimates themselves:

Val‘[/}[ - :&z—l] = Var[/&t ] + Var[:&t—l ] —2co V[:&z n&z—l] = Utz + O-zz—l - 2pt,t—lo-to-t—l , (1)

or on the succession of monthly changes:



Var[:&t - l[lt—l] = var Z(/&t—r - /[lt—r—l) = z Cov(ﬁt*l‘ - '[ll*rfl’[lt*q a ﬁf*Q*l)

r=0 r=0 g=0 . (2)

For the constant population and fixed sample in this basic scenario, expressions (1) and (2) are merely different expressions
of the same variance of change and are therefore equivalent. In the more general case, with a changing sample, this is not
so: the lag 1 differences of estimators in expression (2) are based on the matched samples, not on the full samples. The
implications of this are considered in the next section.

Before doing so, it is worth considering the nature of Pri-t , which plays a pivotal role in the comparison between matched

pairs and level estimates. For a simple random sample, Pri-i is simply the correlation coefficient between responses in
months ¢ and #-/ for the common population. For more complicated sample designs, it may be thought of as a weighted
average of the corresponding correlation coefficients for the component populations.

/ut = Z Wh:tluh:t
h , where

Zw,” =1

summation is over all component strata / and the {wy,,} are appropriate population weights with " . We then

To illustrate this, consider a stratified, simple random sample. In this case, we may write

have:

pt,t—l Jt Gt—l =Co V[lut ° lut—l ] = z Wh:t Wh:t—l cov [luh:t H luh:t—l ] = Z Wh:t Wh:t—lph:t,t—lo-h:t Jh:t—l
h h
W, 0 = (14 &1y ) W0, {Eniis ) ,
We may write /" Bt ) Tha-IZ k=l The \7H-1 S ghould be small because, under normal circumstances,
stratum weights and variances should be stable.

It then follows that:

z Wit Whit—1 Pt -1 it O h—t
h

Py =
0,0,
Z Wit Whit—1 Phit =1 O it O bt
__h
2 2 2 2
z Wh:t O-h:t Z Wr:t—la g:t—1
h g
Z Wit Wit Pt =19 34O et
h
z Wi Whit=1O 1 O =i
h
Z Wi Wht-10 14O i Z WeiWeit-19 ¢4 gu-i
% h g
z Wit Whit—1O bt O ha—i (1 T €ty ) z WeiWeu19guO g1
h
g (1 + ggif\t—l )
(2a)
Thus P is a weighted average of the {p}”’t—l} with a small adjustment expressed in the square root term. The

1+¢, }
expression within the square root is the ratio between the weighted harmonic mean of the factors { mi-1] and the
corresponding, weighted arithmetic mean. This ratio depends on the dispersion of the { hl-1 S and is always less than or

Sl N
equal to 1: the less the { 1] are dispersed, the closer the ratio is to one.

Note that the weights for this weighted average depend on the stratum standard errors as well as the stratum weights. In the
usual context of finite population sampling, this means that greater weight would be applied to those strata with small
sampling fractions. In the extreme case, zero weight applies to fully enumerated strata. In practice, the precise weighting



may not be important because the population correlation coefficients for different strata, over the same time lag, are likely
to be similar.

General Results for Matched Pairs

We now consider the effect of changes to the sample on the variance of change. We assume that the sample is subject to
depletion by deaths (units leaving the population) or by units being rotated out of the sample and to augmentation by births
(units entering the population) or by units being rotated into the sample. The samples in months # and 7~/ may also be
subject to non-response, which reduces further the number of units that are present in the sample in both month ¢ and
month ¢-1.

Let:

Hijt be the estimated, mean response in month ¢ evaluated using only those sampled units that respond in both month
¢t and month #-/;

A

1

1t=1 be the estimated, mean response in month ¢ evaluted using those sampled units that respond in month ¢ but not
in month #-/ (that is, excluding births and units rotated in between months 7-/ and ¢ and newly responding units);

A

P A,

=1 be the weight of component Hixi- in the aggregate estimator

We then have:

'&t - (1 P )'&t\t—l + pt><t—l/&t><t—l 3)

Similarly, let:

Hi-y be the estimated, mean response in month #-/ evaluated using only those sampled units that respond in both
month ¢ and month ¢-/;

A

1

=1 be the estimated, mean response in month ¢-/ evaluated using those sampled units that respond in month -/ but
not in month ¢ (that is, excluding deaths and units rotated out between months ¢-/ and ¢ and newly non-
responding units);

2 M

=1t in the aggregate estimator .

Py

Nt be the weight of component

We then have:

l[lt—l = (1 - pt—l)(t )l&t—l\t + ppl)(tl[lt—l)(t 4)

Notes on expressions (3) and (4)

We assume that > Hiy are unbiased estimators of the population means Hio-r> Hiy
relates to the population common to months # and #-/, not only to the common sample.

In general, E['&[‘t"] = Ho My :E['&t] and E['&H‘t] = Hiy * e = E[’[l"l]

estimator of growth

, for which commonality

, so the matched pairs

/-1

z (’&t*r\t—r—l - l[ltfr—l\[,r)

pn )

is usually a biased estimator of the population growth (‘ut Hi ) . In the analysis below, however, we shall
concentrate on variance because of the practical difficulties in estimating the magnitude and direction of any bias.

lut\p[ b /ut—l\z

coefficient o, , ,, as discussed above.

Because the estimators are based on the same panel of units, they are correlated with correlation



t-1° lut—l)(t

We assume that the expected values of ol are determined by the relationships:

H = (1 TP )Iut\t—/ T Py My

M = (1 o pt—l><t )'Llf*l\t + pt—l)(tlut—l)(t

and their variances and covariances by the relationships:
2 _ _ A A
o, =var I:(l Py )lut\z—l + pt)(t—l'”t)(t—l}

O-tz—l = var [(1 P )/&t—l\z + pt—/><t1&t—l><z ]

COV[/ut M ] = cov [(l - pt><t—/ ) /ut\t—l + pt><z—1 /ut><t—l ’ (1 - pz—l><t ) /ux—l\; + pt7/><tﬂt—l><t ]
In ONS, the inclusion of births and deaths in the sample and the application of rotation is controlled through the use of

Permanent Random Numbers. We may also assume that non-response is a random process. So the weights Pie-i and

Py

! are not fixed but are random variables. However, the contributions to variance from the randomness of these

2 2
proportions is proportional to ('u"”l Hoie-1 ) or ('u’_”’ H-ixe ) . These squared differences of population mean
earnings are likely to be much smaller than the variance of individual earnings within each sample, so these

contributions to variance should be negligible. We shall therefore assume that the weights Pt and Proixi are fixed
at the respective, expected values for the relevant populations.

From the matched pairs estimator given in expression (5), we have:

/-1 !
(’th—r\t—r—l _'th—r—l\t—r ) = Z/ut—r\zfrfl - Z t—rlt—r+1
r=0 r=l1
-1

=y — ey + Z(,u t=rli—r—1 /ul‘*"\t—r-ﬁ—l)

r=1

~

-1

Il
(=}

Iz

=1 /-1
Var|:z<’[lt_”r1 N ﬁt—’_”t*r )j| = var |:'[ltt1 - /&t—l\t—lﬂ + Z(ﬁt—r\t—r—l o /&t—r\t—r-#l )i|
0

=l r=1

(6)

S .

z (’ut—r\t—r—l - /ut—r\t—rﬂ )
The term =! is the sum of the differences between estimates of the same target mean from
adjacent matched samples. These differences are determined by the occurrence of births, deaths, rotation and non-response,
which arise randomly or are assumed to do so. Because of the large overlap between adjacent matched samples, the
variance of these differences should be small relative to the variance of the aggregate change and, because changes in the
sample arise, or are assumed to arise, independently of changes in the response values for the population, the covariance
with the aggregate change should be close to zero. This gives:

-1
Va{z (/UH\,,H - ,u,,H‘H )} >~ var |:’ut\t—1 - /IH‘HH ]

r=0

(7



/-1

Z(’&”’\t—r—l _:[‘H\,_Hl)

The relative insignificance of the term ’=! is more easily seen by using equations (3) and (4) to
clarify the nature of these differences in estimates. From equation (3), we have:

i = A, ~ PopiHyi
-1 —
(1 ~ Py ) (1 TP ) )
and from equation (4), we have:
,& _ :&t—l _ PrpyeHiii
=l
(l_pt—l><l‘) (l_pt—l><t) (9)
I-1
Z (/ut—r\t—r—l B /ut—r\t—rﬂ )
Setting /=1 in equations (8) and (9) and applying them to the term ’=! then gives:
l[lt—r _ pt—r><t—r—1’llt—r><t—r—1
NI '\ < (1 TP ) (1 TP ra )
Z (fut—r\t—r—l “H ) = N A
r=1 r=1 _ /’lt—r pt—r><1—1‘+lﬂt—r><t—r+l
(1 a pt—r><t—r+l ) (1 - pt—r)(t—r+l )
(pt—r><t—r—1 B pt—r><t—r+1 )/’lt—r
_ Ll (1 - pt—r)(l—r—l )(1 - pt—r><t—r+1 )
r=l _ pt—r)(l—r—l ﬂt—r><t—r—1 _ pt—r)(l—r+lﬂt—r><t—r+l
(l - pt—r><t—r—l ) (l - pt—r><t—r+l ) (10)

i)

represent only one month's change in the sample, so the coefficients of the { ,

The weights {pt—r><t—r—l ’ pt—r)(t—rJrl }

based on the differences between these small weights, are very small. The terms in {'u = } are also directly offset by

{/:lt—r><t—r—l and ﬁt—r)(z—rﬂ}

similarly sized terms in , further reducing the impact of expression (10). Expression (10)

matters only if there are consistent differences between Piori-r-1 and Pi-ri-r , implying an expanding or contracting

sample or population, or between Hiri=r-1 and Hi-ri-rs1 , implying that the response values for new units to the sample
have different means from the response values for units leaving the sample (this is likely to be important for the relatively
small proportions of births and deaths in the population).

As noted above, the effect of expression (10) is to add to the variance of the matched pairs estimator. So use of
approximation (7) understates the variance of the matched pairs estimator and is therefore biased in favour of matched
pairs.

Using approximation (7), we therefore have the following condition for the matched pairs estimator of growth to have a
smaller variance than the estimator based on levels:



/-1
va{z (:[lt—r\t—r—l - :[lx—r—l\t,r )j| <var [/[lt — /[lt—l ]

r=0

= var [/&t\m - ﬁt—l\HH] < Var[/}t - :[lt—l]
var [ Ay, ] + var [ Ay ] -2 cov[ By s B g ]
<var[g, |+ var[4_ ]-2cov[i, A ]

=

cov I:'ut\t—l s My gy ] —cov [/uz s M ]

1 N N A N
> —(Var [,ut‘H ] —var[ 4, ]+ Var[u,,,w+1 ] —var[ 4, ])
2 (11)
That is, for matched pairs to have the lower variance, the covariance between estimators of levels for the initial and final

matched pairs samples needs to exceed the covariance between estimators of levels for the initial and final full samples by
more than the mean excess in the corresponding variances.



Annex B - Calculation of Covariances for AWE

Definitions
Time § is assumed to be before, or the same as, time L,

hs is the population at time ¥ in stratum h ,

=

ht is the population at time ! in stratum h s

Sis is the sample at time ¥ in stratum h ,

i’” is the sample at time ! in stratum h , _

Sis is the complement of the sample in the population at time S in stratum h , Sis = Uhe = Sis
S is the complement of the sample in the population at time ! in stratum 7 , Sie =Un =Sy

hst is the set of firms in the sample at time S and time ! in stratum h ,
n,. . . M
hst is the size of the matched sample = %

hst is the set of those firms in the sample at time ¥ , in the population at time ! but not the sample at time ! thatis
those firms that have rotated out of the sample,

hst ig the set of those firms in the sample at time ! in the population at time $ but not in the sample at time S , that is
those firms that have rotated into the sample,

hst is the set of those firms in the common population at times § and ! but in neither sample, that is

Ny, = (Uhs ﬁUht)_(Shs USht)

E

the remaining definitions apply to both times ¥ and t , only those for time S are given.
Hy the population value for average pay, at the all industry level.

s the population value for average pay for stratum h .

’[l s the estimate for the population value of average pay, at the all industry level.

’& hs the estimate for the population value of average pay for stratum h .

v . . . . .
hsi s the average earnings for firm i, at time S, in stratum h ,

1
- - - : : S t
Tasry = E T and 7,y = E 7, » are the averages of the average earnings at time © and * on the matched
hst i€M,, Nyt ieM,,

sample,

X, . . .
hsi s the returned employment for firm i, at time S, in stratum h ,

. . o : S
Wi is the weight for the average pay for firm i, at time ¥ , in stratum h , referred to the sample ¢,

xhsi

‘//hst =
Z xhsi

ieS,

Lisi is the weight for the average pay for firm i, at time | in stratum h , referred to the population ~ ¢,

X
_ hsi
st =
Z xhsi
ieU;
chst = COV(I/}ui’}/}zti) VZ € Us COV(rhﬂ" rh’j) - O When 1# J

is the proposed model variance. Note that



1

Chst = 1 Z (Vhsi _rhs(t))(’/}n‘i _rht(s))

n ; . . C,.
hst 1EMs is the estimated value of /st .

Calculations

The population value, Hy , for average earnings at time S is given by

Z Z YVhsi

_ h ieUy
H o~
2 2
h i€l
= ths z Zhsirhsi
h ieUp,,
b
o Z xhsi
_ hsi _ €Uy
Zhs[ - and vhs -
2 X 22 M
where 1€l h iUy , with a similar expression for H, . Also, the estimate,
population value at time § is given by
Z z ¢hsy hsi
A~ h ieSy
o~
2 z ¢hx‘xhsi
h ieS),
= Z th Z lr//hsi rhsi
h ieS,
2
¢ ¥ ¥ ¢hs Z xhsi A
) ; " €S, . .. .
whereyy, , = S — kol and w, =——=5—— with a similar expression for H
z ¢hs‘xhsi z xhsi ¢hs z xhsi
ieS ieS h ieS,

Z z hsi

A | = 1

¢hs is the design weight for stratum / at time s: ¢hs == =
Z z hsi ﬁls
i€S),

where z, . is the register employment for firm i at time s in stratum /.

, . K,=Cov(,f) . ,
The proposal is to calculate the covariances ¥ ('US # ) in the following way

K, = Z WisWhi COV(/[’hs = > Fyy = )
h .

K,, =Cov(i, — T
Thus, it is necessary to calculate = /' ('uhs Fis> Foe 'uh’).Note that

A

’Us,forthe



ﬂhs Z thlrhsl Z Z hsi hsz

ieS), ieU),
- Z (‘//hsi _Zhsi)rh.si + Z nsilnsi
i€S), i8Sy,

iEM}m ieshx _Mhst
= Ahs + Bhs + Chs
and similarly,

/:lht —Hy = Aht +Bht + Cht )

. M
There are no firms in common between the sets: = # and

ghs . Shs - Mhst Sht - Mhst

and , hence

Khst = COV(A,”,A )+COV(BhS,Ch[)-I—COV(ChS,Bht)-l-COV(

:Wh+Xh+Yh+Zh

Now,
W, =Cov Z (thi _Zhsi)rhsﬂ Z (Whg/' _Zhgj)rhzj
ieM,, JjeM,,
= Z (‘//hsi = Xhsi )(l//hti = X )Chst

ieM,,

X, =Cov Z ('//hsi _Zhsi)rhsn Z X h

€Sy —M )y JEShst

Z Ahi (thi = Xnsi ) Chst

i€ROy,

Y, =Cov Z}(hsirhw Z (‘//hg_}(hzj)rhzj

ieshsl jeShs 7Mhst

= z Xnsi (V/mi = X ) Chst
icRI,, and
b

Zh = COV Z Zhsirhsi’ Z Z]7!/rh.ff
ieSy, JESk
= z Knsi XniiCost
iGNhsl
Therefore,

Ky =y Z {thi_Zhsi}{'//im_lhti}"' Z X i {‘//h.yi_)(hsi}"'

ieM, hst i EROhsz
Note that,
z xhsi - z xhs[
_ i€l ieS,
Wisi = Xnsi = Xsi Z
xhsi xhsi Uhc xh“w
iel, ies, ieU,
hs hs s let hs

ht_M

hst -
2

,and

ie Shs

Sh s

z (l//hsi = Xhsi ) Thsi T z (l//hsi - Zhsi)r hsi T Z Xnsinsi

hst and

C,y»Cp)

hs >

iRl

z xhsz

ieS,

, then

hst and

z Ansi {Whn' _Zhn'} +

hst .
2

Z Knsi X i

ieN,,

hst and



1 XUhs 1 XUht _ 1

Visi = Xnsi = Xsi b% b% -1 Yii = Xni = X b% b%
Ups Shs o U S :
, and similarly , and it follows that,
1 Xy Xy Xy Xy

_— hs ht hs ht

Ky =iy Y X Y 1 Y 1 z Xpsi X T Y 1 Z XpsiXi Y 1 Z XpsiXi + Z XpsiXpii
U, “r Uy, S)s Spe ieM)y Shs i€RO Spe [€RI} €Ny
X X Z KsiXhii Z Ksi X hii X Z XsiXhii z XnsiXhii
=C Shs Sht ieM Shs i€ROy,, Sht i€Rl), i€N,
wse V| 1— 1- +|1- +| 1=
Ups XUM Xslu XSht XU/M Xsm XUht XU’H XUhs XShL XUm XUht

In order to estimate ~ /' we propose to substitute register employment for returned employment in those ratios involving
unknown population totals, so that

z XnsiZhii

o 1 VA 7 Z XpsiXnii 7 7 Z ZnsiXnii z ZhsiZhi
K =— z v -7 v,.—T, Sis Si_ | ieMyy Sie_ | i€RO,, S | ieRly, €N,y
hst 1 nsi ™ Ths(ey )\ Thei ™ Thas) l—Z— l—Z— il —— l—Z— RO 4 1_Z_
“Liem,,
fot e Uis Un Sis ™ She Uhs Shs ZU ht Un ZUh.s Xsm ZU/u ZU ht
1 z Xnsi i Z XnsiZ i Z ZpsiX i Z ZhsiZhai
= -7 -7 - ieM, i€ROy, .\ i€Rl ieN,
—— > (rlm. rhs(z))<rh1[ rh,m) (= £ )= f ) e (1= )y (1 f, ) 4 N
fist !EM}“/ Xshx Xshz XShs ZU/H ZU/’.‘ S/H ZUh.s ZU/H

. . . . =K . .
Note that the proposal is to use this formula to estimate variances =~ /s hss also, in which case the formula reduces to

Xz. Zz'
Ry =— 3 (n, 7Y Z ;
hs _1 hsi hs (l—f;“) X2 +

! 2
nhs i€ s Z
hs Ups




