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Summary
The synthetic microdata analysed in this report were produced for small-areas, not for local authority districts.  The estimation algorithm could be revised to ensure better fit to district-level constraints.  Additional data to be released for the 2001 Census are expected to offer further scope for improvement.

A key finding of this report is that the 1991 Individual SAR do not provide a robust platform for the undertaking of district-level analyses.  Multivariate analyses at district-level will almost unavoidably entail use of statistically unreliable ‘small counts’ (<50).  Confidence intervals as wide as ±70% have been identified for simple bivariate district-level estimates.

For analyses of the SAR based on small counts there is a potential added burden of sample rounding error.  It is unclear whether or not this source of error has been taken into account in earlier assessments of SAR sampling error.

For census tabulations used as constraints on the synthetic estimation process, synthetic microdata provide a better fit, at district level, than estimates derived from the individual SAR.

Tabulations based on variables not involved as constraints during the synthetic estimation process are captured poorly, if at all, by the synthetic data

There are no census tabulations of interest, involving only variables used in the synthetic estimation process, that were not used as synthetic estimation constraints.

There is some evidence suggesting a high degree of correspondence between synthetic and SAR-based estimates for tabulations based only upon variables involved as constraints during the synthetic estimation process.

The sampling error associated with district-level analyses of the SAR prohibits the determination of the extent to which logistic regression models fitted to synthetic mirror those fitted to the Individual SAR.  The same problem might be expected to extend to assessment of multilevel models.

1. Overview

The perfect fit of small-area synthetic microdata to known small-area constraints is not possible.  Discrepancies arise that are attributable in part to the inherent difficulty of the task and in part to inconsistencies between constraints produced by official disclosure control measures.  Nevertheless, the small-area estimation process ensures that in fewer than 0.1% of cases do such discrepancies violate the preferred statistical measure of fit (z-score of ±1.96).  Unfortunately, statistical fit at small-area level does not guarantee statistical fit when synthetic microdata are aggregated to higher-level geographies.  Aggregation can reveal that apparently minor and random discrepancies at the small-area level are in fact due to some underlying bias in the estimation process.  Intuition suggests that any such bias is likely to be back towards the national average, leading to an under-statement of between-area differences.

Huang and Williamson (2001) and Williamson (2002) review issues of goodness of fit at the small-area level, whilst Huang and Williamson (2001) further addresses the issue of fit when synthetic microdata are aggregated from enumeration districts (average population: 200 households) to wards (average population: 10,000 households).  This paper addresses the impact on fit of aggregation to a range of even higher-level geographies, although focussing mainly upon aggregation to SAR district level (average population: 78,000 households).

Section 2 reviews some of the known limitations of synthetic microdata estimated from 1991 Census data, identifying where appropriate how these limitations might be overcome when making equivalent estimates for the 2001 Census.  Section 3 briefly reviews the potential sources of district-level data against which to compare and assess synthetic microdata.  The Individual SAR is identified as the only practicable data source for assessing tabulations not used as constraints during the synthetic estimation process.  Section 4 reviews the suitability of the Individual SAR for district-level analyses, and highlights the relatively wide confidence intervals associated with district-level SAR estimates.  Section 5 assesses the fit of both synthetic and SAR estimates to a census tabulation used as a constraint in the synthetic estimation process.  Finally, section 6 compares a range of univariate, bivariate and multivariate tabulations derived from synthetic and SAR estimates.  These include tabulations fully constrained, margin-constrained and fully unconstrained during the synethetic estimation process.  

2. Limitations of 1991 Census-based synthetic microdata

· Currently available synthetic microdata cover only the resident private household population as recorded in the 1991 Census

The institutional population could be estimated, if desired, using an individual, rather than household-based Sample of Anonymised Records.

· Synthetic microdata are not available for enumerations districts that had counts suppressed by the Census Office for confidentiality reasons; as with published census outputs, the suppressed individuals are included in neighbouring unsuppressed enumeration districts

For the 2001 Census there should be no suppressed output areas

· Synthetic microdata are not available for private households or individuals resident in ‘special’ (institutional) EDs

The existing Pop91 program suite can be used unchanged to produce such estimates for private household residents, if required.  The issue of institutional residents has already been addressed above.

· Small-area census data contain minor inconsistencies between tables due to pre-release confidentiality protection measures.  As a result, when aggregated the synthetic microdata will display unavoidable minor deviations from published small-area counts

For counts greater than 3 there will no longer be inconsistencies in published 2001 Census outputs.  However, for counts less than or equal to 3 there will be a greater level of inconsistency.  The publication of marginal for every table should allow some of the ‘damage’ caused by the new disclosure control measures to be repaired.  The ‘Combinatorial optimisation’ approach  is best placed to deal with any remaining inconsistencies (other approaches require designation of a favoured ‘correct’ count to which all others are adjusted). 

· In the synthetic microdata estimation process, published 10% SAS counts were replaced with modelled 100% counts wherever ward-level LBS data availability permitted; the resulting synthetic microdata aggregate to the modelled 100% counts rather than the published 10% counts

In 2001 Census outputs, all counts will be 100% counts, so no modelling will be required.

· No allowance has been made for potential under-enumeration

The 2001 Census ‘one-number’ estimation process explicitly makes allowance for under-enumeration.

· Although microdata comprising any of the variables in the SAR may be extracted, only interactions between the 15 variables used in the data estimation process (see Table 1) should be regarded as statistically reliable

Advances in computing power, plus a wider range of tabulations and a full set of univariate ‘marginals’ for each small-area will allow a wider range of constraints to be used in estimating small-area synthetic microdata.

3. Potential sources for assessing the impact of spatial aggregation
3.1 Small Area Statistics

Synthetic microdata and the census Small Area Statistics (SAS) counts used as constraints during their estimation may be aggregated to the same geographies and compared.  This helps to identify underlying biases in the estimation process (e.g. are there too few elderly?).  Note, however, that aggregating ED-level SAS tables to higher-level geographies compounds any additive impact of disclosure control methods.  As an alternative, the impact of disclosure control measures could be minimised by using SAS tables published for the target geography.  Given time constraints, this possibility has been pursued for one tabulation only.  All of the SAS tables based on tabulations of those variables listed in Table 1 were used as direct constraints on the synthetic estimation process.

3.2 Local Base Statistics 

In a few cases the SAS tables used as constraints during the synthetic estimation process have expanded equivalents in the LBS.  However, synthetic estimates of these LBS tables would by definition by heavily constrained via their SAS counterparts.  In consequence it was decided not to pursue comparison of synthetic and LBS counts, as it was felt this would added little to the comparison of synthetic and SAS counts already undertaken.

3.3 Topic-based reports

A wide range of topic-based reports were published subsequent to the 1991 Census, containing tabulations for higher level geographies that were not part of the standard set of Small Area Statistics tabulations.  These would be ideal for use in assessing the impact of spatially aggregating synthetic microdata, were they available in electronic format.  Available in printed format only, time constraints preclude their use.

3.4 Samples of Anonymised Records

The 2% individual and 1% household Samples of Anonymised Records offer the greatest flexibility in creating tabulations against which to test aggregated synthetic microdata.  However, in the analysis presented in this paper, only the individual SAR have been used, for the following reasons:

· The lack of geographical detail in the Household SAR (region only)

· The generally meaningless nature of the construct ‘region’ (e.g. ‘North-West’ combines both Liverpool/Manchester and Cumbria/the Lake District). [Although this is not to dismiss a palpably very real difference between the South-East and the Rest of Great Britain.]

· The availability of regionally-coded Labour Force Survey (and other) data, providing users with a dataset almost as large as the 1% household SAR, but far more timely, obviating the need for an equivalent set of synthetic microdata

· Expressed user interest focussing mainly upon demand for Local Authority District (LAD) level microdata

· The inclusion of large LAD coding in the Individual SAR

· The inclusion in the Individual SAR of at least some household-level information

4. Inherent problems with SAR-based analyses
The SARs are samples.  Consequently SAR-based counts have to be reweighted to estimate ‘true’ population values, (section 4.3).  These estimates are subject to the problems of sampling and rounding error (sections 4.2 and 4.4).  For estimates based on large counts such errors are trivial and can for be ignored for most purposes.  However, for small counts the potential impact of estimation errors cannot be ignored.  Unfortunately, as section 4.1 shows, small counts are hard to avoid when analysing the SARs. 

4.1 The inevitability of small numbers

The cell counts in SAR-based tables can become very small surprisingly rapidly, particularly when the focus is on an analysis of district-level variation in minority population sub-groups.  For example, in the individual SAR, ~1.1 million individuals are drawn from ~430,000 households.  Running a household-level analysis of car-ownership (4 categories) by tenure (10 categories), and splitting by large LAD (278 large LADs) produces a table with 11,120 cells, averaging 39 households per cell (far fewer in the less populous SAR LADs).  As shown in section 4.2, estimates based on these small cell counts are associated with wide confidence intervals

The small numbers problem is not restricted to district-level analysis of the individual SAR.  In the 1% household SAR there are 215761 households with full information for all residents (28 h/holds with 12+ residents suppressed).  Of these households, 205792 are ‘white’ [i.e. all persons in household self-report their ethnicity as ‘white’]; leaving 2354 ‘black’, 4022 ‘other unmixed’ and 3593 ‘mixed’ households [a total of 9969 households, with an average of 3323 households in each minority ethnic split].  Subdividing these groups by another variable with only two categories, and assuming an equal split across categories, gives an average of 1662 households per cell.  Further subdividing by SAR region (12 regions) gives an average of 139 households per cell. 

Given the multivariate nature of many analyses, and their common focus on minority population sub-groups, small counts are likely be hard to avoid, at least at district level.  The alternative would be data aggregation to the point at which users are left without any information of interest.  

4.2 Sampling error

Both Samples of Anonymised Records are only samples, yielding only estimates of actual population counts.  The degree of imprecision associated with each estimate can be identified using techniques reviewed in Campbell et al. (1996) and Dale et al. (2000).  In essence, imprecision arises from a combination of sampling error, design effects and sample-size related under-enumeration.  The smaller the size of the population sub-group being analysed, the wider the confidence interval.  This is illustrated in Tables 2 and 3, which presents the 95% confidence intervals associated with the distribution of economic position.

Table 2 concentrates on estimates of the joint distribution of economic position across the two SAR districts of Leeds and Babergh/Ipswich.  As can be seen from the table, the confidence intervals associated with estimates of the % of the adult population in each ‘economic position’ category vary widely.  For the smallest category, ‘On a government scheme’, the associated 95% confidence interval amounts to ±42% of the SAR estimate for Babergh/Ipswich.  This value is by no means untypical, although double that for Leeds (±23%).  The Babergh/Ipswich has a sample size almost identical to the SAR average, whereas the Leeds sample is the second largest in the SAR (after Birmingham).

For most users, analyses will require far more than the type of simple univariate distribution presented in Table 2.  Table 3 presents the confidence intervals associated with estimates of the proportion of adults within each economic position category who are female.  For this analysis the size of the associated design factors and under-enumeration corrections are unknown.  But even on the basis of uncorrected standard error alone, the confidence intervals are considerably widened in most cases.

4.3 Population weights

The estimated synthetic microdata under evaluation are constrained by census counts.  For the analyses presented in this paper, therefore, it is inappropriate to use the population weights supplied with the Individual SAR, as they rescale results not to published census counts, but to 1991 mid-year estimates (adjusted to take account of Census under-enumeration).  As the Indidivual SAR is in effect a 2% random sample of the underlying Census data, inflation by the reciprocal of the sampling factor (1/0.02) should theoretically yield the target district counts.  In practice sampling error and design factors mean that there is not 100% correspondence between census and inflated SAR counts.  This discrepancy could be overcome by reweighting the SAR to known district age-sex totals.  Such an approach would ensure perfect agreement between SAR and census district totals, but could have an adverse impact on the relationships between variables not used in the weighting process.  For this reason SAR counts have been inflated to 100% through multiplication by the reciprocal of the sampling fraction throughout this paper.

4.4 Rounding error

It is unclear, at least to this author, whether or not the estimation of confidence intervals outlined by Campbell et al. (1996) takes accounts of inherent rounding error in SAR-based estimates.  The calculation of standard error, design factors and under-enumeration corrections all appear to be geared towards adjusting for variations in sample size away from the target fraction of 2%.  But, even if a sample represented a perfect, bias free sample of an underlying population, there would still be rounding error.  For example, a SAR count of 50, once inflated, equals a count of between 475 and 524.  This gives rise to a potential a rounding error of ± 1%.  Smaller counts have commensurately higher levels of associated rounding error (see Table 4).  Unfortunately, as section 4.1 has already demonstrated, small counts are hard to avoid in district-level analyses of the 1991 Individual SAR.  This point is reinforced in the analyses that follow.

5. The fit of SAR and synthetic data to known Census counts
All of the results presented in this section are based upon analyes of synthetic microdata estimated for the 16 local authority districts comprising the 1991 Counties of Cambridgeshire, Derbyshire, Norfolk and Suffolk, plus the metropolitan district of Leeds.  The selection of these areas is entirely arbitrary; these were the areas that for which synthetic microdata were available at the time of writing.  However, unless there is a distinct and unanticipated problem associated with the estimation of microdata for London, there is no reason to think that the results presented would not apply nationally.  

The following section (5.1) focuses on the overall fit of synthetic microdata to constraints used in the synthetic estimation process.  Sections 5.2 and 5.3 examine the fit to one constraint, that of economic position by sex, in more detail, throwing considerable light on the impact of sampling and rounding error on district-level SAR estimates.  Section 5.4 summarises the strengths and weaknesses of using SAR data for assessing the quality of synthetically estimated microdata.

5.1 Overall fit to Census estimation constraints

A first point of departure in assessing the impact of spatial aggregation upon the quality of synthetic microdata is to assess the changing degree of fit between the microdata and the constraints used in the modelling process, as both are aggregated to increasingly large-scale geographies.  Table 5 confirms a trend already tentatively identified in Huang and Williamson (2001).  The greater the degree of spatial aggregation, the poorer the fit of synthetic microdata to known constraints.

SAR districts are used in the analyses that follow, to facilitate direct comparison of synthetic and SAR data.  A SAR district comprises one or more Census districts, combined to meet a specified minimum population threshold.  If analyses were undertaken using the smaller Census districts of most interest to end users, the reported results might be expected to be even more favourable. 

Out of the 17 districts estimated to-date, Leeds is the local authority district (LAD) with the greatest number of ‘non-fitting tables’ (7 out of 14).  Comparison of synthetic and constraining counts give some idea of the stringency of the measures-of-fit used (Appendix).  Even for the non-fitting tables there is still a generally high degree of correspondence between the synthetic and constraining counts.  It should be remembered additionally that the synthetic data being evaluated have not been optimised for fit to district-level counts (see section 2).

5.2 Fit to the constraint of economic position by sex

One of the constraints used in the synthetic microdata estimation process was SAS Table 34, which  tabulates economic position by sex by marital status.  In Table 6, the marital status dimension of SAS Table 34 has been dropped for presentation purposes.  Comparisons are made between the ‘true’ census district counts and three alternative ‘estimates’: district counts derived by aggregation of ED-level census data; inflated SAR counts and synthetic estimation.  Results are presented for the two SAR districts of Leeds and Babergh/Ipswich.  These two districts were chosen for illustration purposes as representing SAR districts with average (Babergh/Ipswich) and worst fit (Leeds) to estimation constraints.  

Given the known mismatches between synthetic estimates and their constraints (section 5.1), it is no surprise that the synthetic and census district counts differ.    The discrepancy between synthetic and census district totals amounts to 0.4% of the population of Leeds and 0.2% of the population of Babergh/Ipswich.  This discrepancy is attributable to a combination of modelling and ED SAS aggregation error.  Aggregation error is readily calculable, being the difference between census district counts and their aggregated ED equivalents.  Modelling error is equal to the overall synthetic data error less the aggregation error.  For Leeds aggregation error (-0.09%) is one-third that of the modelling error (-0.28%).  For Babergh/Ipswich aggregation error (0.15%) is two-fifths the size of modelling error (-0.37% ).

Table 6 also contains SAR-based estimates of the collapsed SAS Table 34 counts.  To produce these estimates all SAR counts have been inflated by the reciprocal of the overall sampling fraction (1/0.02) (see section 4.3).  The discrepancies between the district SAS and inflated SAR-based totals are more than five times as large as the observed discrepancies between synthetic and district SAS counts (2.3% and 1.7% respectively for Leeds and Babergh/Ipswich).   These discrepancies help to give some indication of the scale of sampling error to be encountered when using the SAR.  

But a focus on counts disadvantages both synthetic and SAR-based estimates.  District-specific weights could be added to the SAR, and district-level constraints could be introduced to the synthetic estimation process.  In any case, accuracy of proportional distribution is often of more importance to users. For this reason, for each estimate of the ‘true’ district SAS, Table 6 also presents two measures of the difference in proportional distributions.  Both of these measures, Total Absolute Error and Pearsons’s correlation coefficient, echo the findings relating to differences in overall district totals.  First, for synthetic data, aggregation errors are smaller than model errors.  Second, the combined impact of modelling and aggregation error on synthetic estimates remains smaller than that of sampling and rounding error on SAR-based estimates.  Considering the small count size in some cells (e.g. only 6 females in the SAR Babergh/Ipswich sample are on a government scheme), the adverse impact of sampling and rounding error is perhaps unsurprising.

5.3 Fit to the constraint of sex given economic position

Table 7 presents a set of analyses based on the distribution of the conditional probability of being female given economic position.  This might at first appear to be a slightly idiosyncratic choice, but reflects a common user interest in identifying proportions (or probabilities) within population subgroups.  The distribution of sex given economic position also lends itself to logistic regression modelling.  Despite recasting the data in this way, and despite fitting a logistic-regression model to calculate the log-odds (from which associated odds and probabilities are derived), the message of Table 7 simply repeats that of Table 6.  It is perhaps no coincidence that the largest distributional discrepancy between the district SAS and its SAR-based equivalent (proportion of persons on a government scheme in Babergh/Ipswich) is associated with the smallest underlying SAR count. 

Given a sample of only two districts, some caution in generalising these findings might be appropriate.  However, they are confirmed by an analysis based on all 17 SAR districts for which synthetic microdata are currently available.  The average difference from census district conditional probabilities (as measured by TAE) is 33.4 for SAR-based estimates, but only 3.8 for the equivalent synthetic estimates (see Table 8).  A similar ranking of differences exists whether comparing probabilities, odds or log-odds. There is a clear relationship between the extent to which SAR and SAS district distributions differ and SAR district sample size (r = -0.75 for difference as measured by TAE).

5.4 The impact of sampling error

The conclusion to be drawn from Tables 6, 7 and 8 is that, despite not being optimised for use at district level, synthetic microdata provide a better fit to the ‘true’ census district distribution than the (unweighted) SAR.  This performance advantage would appear to be attributable to sampling and rounding error in the SAR.  It is, of course, possible that reweighting to known district age-sex profiles might improve SAR fit to census counts.  On the other hand, reweighting might equally well impact adversely on distributional fit.  In either case, as discussed in section 4.4, the SAR would remain at a disadvantage due to the problem of rounding error, which is significant for counts of less than 50.  As Tables 6 and 7 show, even for a SAR district of average size, such as Babergh/Ipswich, many counts fall below 50.

In spite of the problems of sampling and rounding error, it might be hoped that comparison of synthetic and SAR data for unknown tabulations could yield some useful information.  For example, district-level SAR and synthetic estimates might be expected to be in closer agreement with each other than with the national average distribution.  Unfortunately, as revealed in Table 8, the impact of sampling error is so great that even this effect can be obscured.  The average difference (TAE) between census district counts and the national distribution (SAR-based) is 16.1.  A similar figure, 16.7, is found if the census counts are replaced by their synthetic counterparts.  In contrast, SAR-based district estimates differ from the national by an average of over twice as much (38.6), and from district-level synthetic estimates by almost the same amount (33.0).  The implication is that synthetic microdata can only be satisfactorily evaluated against district-level census counts.  Notwithstanding this observation, the remainder of this paper attempts to undertake a few rudimentary evaluations of synthetic data quality using comparison with SAR-based estimates.

6. Comparison of SAR and Synthetic estimates
Section 5 has highlighted the highly problematic nature of using SAR data to evaluate synthetic microdata quality.  Despite these reservations there follows an attempt at undertaking precisely this task.  In what follows, the main measure of difference between distributions switches from Total Absolute Error to Pearson’s correlation coefficient, r.  The same conclusions are reached whichever measure is used, as demonstrated by Table 8.  The main difference to bear in mind is that apparently small differences in r can under-pin large differences in Total Absolute Error.  For example, in Table 8 the ten-fold difference between TAEs of 3.8 ad 33.4 is represented by a change in correlations from 0.9998 to 0.9805.

Section 6.1 examines the correspondence between synthetic and SAR-based district estimates for a range of univariate distributions that were fully constrained during the synthetic estimation process.  Sections 6.2 and 6.3 considers the fit to other univariate distribution that were partially or fully unconstrained during synthetic estimation.  In section 6.4 attention turns to the degree of agreement between synthetic and SAR-based estimates of a bivariate tabulation, involving two variables that were independently but not jointly constrained during the synthetic estimation process.  Finally, section 6.5 compares a range of unconstrained and margin-constrained synthetic and SAR-based univariate, bivariate and multivariate tabulations.  Attention is paid in particular to tabulations involving a combination of household and individual level data.  Both joint and conditional distributions are examined, the conditional tabulations reflecting user interest in logistic regression.

6.1 Constrained univariate distributions

Tables 9 and 10 present district-level SAR estimates of the distribution of socio-economic groupings for economically active household heads and occupational groupings for employed and self-employed residents aged 16 and over.  Both are distributions that were used as constraints in the synthetic microdata estimation process (see Table 1).  As might be expected, the fit of synthetic to SAR distributions is high.  Comparing synthetic with SAR distributions for each LAD in turn, an average correlation of 0.99 is achieved for both variables.  Comparing synthetic with SAR distributions on a category-by-category basis, an average correlation of around 0.85 is achieved for both socio-economic group and occupation.  Most of the reduction in correlation is attributable to the weak or, in one case, almost non-existent correlation found when comparing categories comprising only 0-2% of a district’s population.  This is probably directly attributable to SAR sampling/rounding error.  Even so, a visual check reveals that in these cases both the synthetic and SAR-based estimates are similar (i.e. a synthetic estimate is 0 or 1% when the SAR estimate is 0% etc).  A visual check also suggests the rule-of-thumb that the greater the proportion of the population in a given category, the higher the correlation between the distribution of synthetic and SAR-based estimates.

6.2 Partially constrained univariate distributions

Table 11 presents similar results for social class which, although not directly constrained in the estimation process, is arguably partially constrained, as it is highly predicated by occupation and socio-economic group.  However, it should be borne in mind that the social class distribution shown in Table 11 is for all adults, whilst during the estimation process socio-economic group is constrained only for economically active household heads and occupation is constrained only for those in work.  The average category-by-category correlation of synthetic to SAR social class estimates is almost identical to that achieved for socio-economic group and occupation, at 0.86, whilst the average correlation of synthetic to SAR district distributions is even higher (1.00). 

6.3 Unconstrained univariate distributions

Three variables not constrained during the synthetic estimation process were migrant origin (MIGORGN), distance moved (DISTMOVE), distance to work (DISTWORK).  Tables 12, 13 and 14 allow comparison of synthetic and SAR-based estimates of the distribution of each of these three variables for 17 SAR district areas.

Perhaps unsurprisingly, and as already noted in Voas and Williamson (2000), the fit of these unconstrained distributions in general is minimal.  As the SAR-based estimates reveal, there are strong district-specific effects for these variables.  For example, the modal migrant origin category is invariably the SAR region within which a SAR district is located.  Local and national labour market effects are also visible, with clear differences between districts in patterns of distance to work and distance of migration (e.g. compare the high proportion of short-distance journeys-to-work for residents in rural districts such as the High Peaks and Derbyshire Dales compared to the low proportion in the large metropolitan area of Leeds).

However, even for these unconstrained variables there is some evidence of ‘value added’:

· Although the category-specific correlations are low (especially for migration-based variables), the district-specific correlations remain high. This suggests that the synthetic and SAR-based distribution of district populations across categories are broadly similar, even for unconstrained variables.  In other words, the high and low (common and uncommon) categories are reliably picked out, even if the precise level within a given category is not.

· For ‘migrant origin’ (Table 12) the performance advantage of synthetic estimates over substitution of the national average is very high (r = 0.95 compared to r = -0.06).  This arises because the synthetic estimation process initially attempts to select households from the same SAR region as that of the small-area being estimated.  This constraint is soon relaxed, as in the majority of cases as it significantly impedes fit to the estimation constraints listed in Table 1.  Even so, the result is to ensure a higher representation of SAR households from the local SAR region than would be obtained were the whole SAR freely sampled from the start.  As most moves take place within SAR regions, the result is the local region being the modal migrant origin, even though not directly constrained in the synthetic estimation process.

· The proportion of migrants (Table 13), although not constrained, clearly reflects between-district differences (r = 0.94).  High and low migratory areas are picked out, even though the actual point estimates have a clear tendency to regress towards the national mean. 

· For Distance to work (Table 14), there are surprisingly high intra-category correlations between synthetic and SAR-based distributions (average r = 0.62).  [Note that the % working, although well fitted, does not furnish evidence of ‘added value’, as economic position is an estimation constraint].

6.4 Fit to a margin-constrained bivariate distribution

As Voas and Williamson (2000) and Huang and Williamson (2001) have previously observed, the main added-value in synthetic microdata is believed to lie in unconstrained tabulations of constraining variables (i.e. those variables listed in Table 1).  Evidence present by Voas and Williamson (2000) and Huang and Williamson (2001) suggests that these ‘margin-constrained’ tabulations represent good estimates of underlying ‘unknown’ distributions.  One such ‘unknown’ tabulation is the household-level relationship between car ownership and tenure.  (As may be seen from Table 1, both car ownership and tenure are used separately, but never jointly, as constraints).  Table 15 compares the synthetic and SAR-based estimates of this relationship for the same two SAR disticts discussed in sections 4 and 5.

Direct comparison of the synthetic and SAR-based counts is problematic.  For the synthetic estimates, the estimation process ensures that the total number of synthetic households in each area is equal to the aggregated ED SAS counts for that area.  This figure is unlikely to be identical to the equivalent count taken from district level SAS tables due to the impact of disclosure control measures.  For the SAR-based estimate, the precise household sampling fraction from each LAD is unknown.  It is simply assumed to be equal to the overall individual sampling fraction of 2%, yielding a multiplier for each SAR count of 50.  The overall impact is a slight shortfall of households compared to the aggregated ED SAS count, amounting to 2% for Leeds and 4% for Babergh/Ipswich.  Despite these uncertainties a general correspondence between the synthetic and SAR-based estimated counts is discernible.  In addition, as Table 15 shows, the synthetic and SAR-based proportional distributions of car ownership by tenure are near identical, with the synthetic estimates successfully capturing the large differences in distribution that exist between Leeds and Babergh/Ipswich.  The close fit between SAR and synthetic estimates is repeated across all 17 SAR districts for which synthetic microdata are currently available, as summarised in Table 16.  This is clear evidence of the type of ‘added value’ provided by the synthetic estimates.

6.5 Fit to constrained multivariate distributions

The previous section examined in detail the fit of one margin-constrained bivariate tabulation.  In this section a summary of results is presented for a wider range of univariate, bivariate and multivariate tabulations.  In particular attention is paid to a number of univariate and multi-way tabulations that draw upon both household and individual information.  Differences between distributions are summarised using the total absolute error.  Given uncertainties over the underlying ‘true’ figures, in all cases proportional rather than absolute differences are considered.

Time and resource constraints mean that distributions for only two SAR districts have been evaluated; the same two contrasting districts used in previous sections.  Although this small sample of areas sounds a note of caution in generalising from the results presented, this danger is perhaps off-set by the criteria used in their selection: Leeds is the worst fitting of the 17 SAR districts estimated to-date, and Babergh/Ipswich has only average fit.

In assessing the fit of each estimated distribution, three comparisons were made.  Each synthetic distribution was compared with its SAR equivalent.  Each synthetic and SAR district distribution was also compared with the SAR national distribution.  The first of these comparisons allows for a direct appraisal of the accuracy of the estimated distributions (SAR sample error allowing), whilst the second and third comparisons potentially help to indicate the extent to which the synthetic distributions regress towards the national distribution.

Table 17 presents the results of this range of comparisons.  From these results three main conclusions may be drawn.  First, in all but one case (the univariate distribution of sex) synthetic estimates offer a closer fit to the SAR-based district estimates than to the SAR-based national average.  Admittedly this is not a very challenging measure of fit, but the uncertainties caused by SAR sampling error preclude a more definitive assessment.

Somewhat confusingly, logistic regression models fitted to some of the same mutli-way tabulations produce the opposite result (Table 18).  For these models the synthetic data appear more similar to the national than to the district SAR distributions.  At face value this might suggest some regression of synthetic results towards the national average, but as the results in section 5.4 have already demonstrated, it is possible for the synthetic estimates to provide more accurate approximations to reality than the SAR and still yield precisely this pattern of results (c.f. Table 8).  Instead the explanation appears to lie once more in sampling and rounding error.

In a district-level tabulation many of the cell counts are likely to be small.  For example, for the SAR district of Babergh/Ipswich, 89% of all cells in a tabulation of economic position by tenure by health contain counts of less than 50.  As already noted in section 4.4, these small cell counts have an adverse impact on the accuracy of SAR-based estimates.  However, this adverse impact is far greater for conditional probabilities (upon which logistic regressions are based) than upon tabulations of joint probabilities.  The reason is the relative sizes of the numerator and denominator.  In a joint probability the denominator will typically be very large compared to the numerator.  Hence the sampling and rounding error associated with a  2% sample becomes relatively insignificant.  In contrast the denominator in a conditional probability is only as large as the sub-group total. As population sub-group totals are by definition smaller than the overall table total, the adverse impact of sampling and rounding error is inevitably greater.  This process is amply illustrated through comparison of the synthetic and SAR-based joint and conditional probabilities presented in Table 19.  The largest discrepancies between synthetic and SAR distributions are those associated with conditional probability distributions, specifically those with the smallest denominators.  In examining Table 19 it should be borne in mind that the size of the SAR Babergh/Ipswich sample is almost identical to the SAR district average.  This means that the small SAR counts shown will be by no means untypical for a district-level analysis.
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Appendix  Comparison of synthetic to constraining counts when spatially aggregated to district level: Leeds

--------------------------------------------------------------------------------------------------------

LEEDS Local Authority District: NFT:  7 NFC:   18 

NFT = non-fitting tables (Sum of squared Z-scores > chi-square critical value)

NFC = non-fitting cell (Z-score > ±1.96)

For non-fitting tables, NFT count is highlighted
--------------------------------------------------------------------------------------------------------

Table: S35         Table Cells: 84

NFT:  1 NFC:   1 

SSZ:   147.22 CV: 106.39

Target (SAS) counts

           Male        Female

         SWD  Mrrd   SWD  Mrrd

 0-4   23601     0 22619     0

 5-9   21546     0 20739     0

10-14  20226     0 19380     0

   15   4235     0  3893     0

16-17   8409    29  8125    60

18-19   9375   119  8906   336

20-24  23394  2789 21652  5836

24-29  15325 11412 12819 15078

30-34   8414 15950  7514 17374

35-39   5790 15945  5383 16227

40-44   5391 18533  5294 18985

45-49   3960 15547  4072 15463

50-54   3633 14333  4130 14478

55-59   3250 14255  4564 13410

60-64   3341 13316  5965 12525

65-69   3315 12408  7519 10413

70-74   2781  8700  8282  7122

75-79   2643  5878  9342  4476

80-84   1892  2836  7555  1999

85-89    907   879  3979   572

 90+     260   129  1425    89

Synthetic counts   

           Male        Female

         SWD  Mrrd   SWD  Mrrd

 0-4   23886     0 22812     0

 5-9   21741     0 20910     0

10-14  20358     0 19494     0

   15   4195     0  3843     0

16-17   8334    16  7979    11

18-19   9351    70  8906   295

20-24  23454  2718 21788  5771

24-29  15305 11309 12745 15117

30-34   8420 15921  7368 17371

35-39   5772 16032  5300 16328

40-44   5304 18573  5240 19129

45-49   3916 15531  4038 15478

50-54   3580 14329  4038 14476

55-59   3203 14132  4474 13292

60-64   3350 13151  5812 12350

65-69   3298 12408  7568 10486

70-74   2713  8686  8313  7068

75-79   2640  5872  9420  4414

80-84   1888  2788  7558  1956

85-89    853   844  3984   541

 90+     237   100  1393    76




Error              

           Male        Female

         SWD  Mrrd   SWD  Mrrd

 0-4     285     0   193     0

 5-9     195     0   171     0

10-14    132     0   114     0

   15    -40     0   -50     0

16-17    -75   -13  -146   -49

18-19    -24   -49     0   -41

20-24     60   -71   136   -65

24-29    -20  -103   -74    39

30-34      6   -29  -146    -3

35-39    -18    87   -83   101

40-44    -87    40   -54   144

45-49    -44   -16   -34    15

50-54    -53    -4   -92    -2

55-59    -47  -123   -90  -118

60-64      9  -165  -153  -175

65-69    -17     0    49    73

70-74    -68   -14    31   -54

75-79     -3    -6    78   -62

80-84     -4   -48     3   -43

85-89    -54   -35     5   -31

 90+     -23   -29   -32   -13

Z-scores           

           Male        Female

         SWD  Mrrd   SWD  Mrrd

 0-4    2.11 -1.00  1.52 -1.00

 5-9    1.56 -1.00  1.41 -1.00

10-14   1.14 -1.00  1.03 -1.00

   15  -0.53 -1.00 -0.72 -1.00

16-17  -0.70 -2.41 -1.51 -6.32

18-19  -0.12 -4.48  0.13 -2.22

20-24   0.61 -1.28  1.15 -0.75

24-29   0.01 -0.83 -0.50  0.49

30-34   0.19 -0.06 -1.58  0.16

35-39  -0.13  0.87 -1.04  0.98

40-44  -1.09  0.49 -0.65  1.25

45-49  -0.62  0.04 -0.45  0.30

50-54  -0.80  0.13 -1.35  0.15

55-59  -0.75 -0.88 -1.25 -0.87

60-64   0.24 -1.29 -1.89 -1.42

65-69  -0.22  0.16  0.69  0.86

70-74  -1.22 -0.02  0.47 -0.53

75-79   0.01  0.03  0.95 -0.84

80-84  -0.03 -0.83  0.16 -0.90

85-89  -1.76 -1.14  0.17 -1.27

 90+   -1.41 -2.54 -0.80 -1.37

Table: S42a         Table Cells: 77

NFT:   1  NFC:  3
SSZ: 245.74 CV: 98.48

Target (SAS) counts

                                        Tenure

H/hold composition      outr't buyng  furn unfrn w.job    HA LA/NT

1  adult pa ;  0 dep ch.  16137  2023   525  2510   426  3304 20358

1  adult<pa ;  0 dep ch.   3738 14069  5078  1411   500  1892 10564

1  adult    ; 1+ dep ch.    441  3139   443   365    92  1080  7644

2  ads (m+f);  0 dep ch.  24926 31171  1835  2151   994  1844 16835

2  ads (m+f); 1+ dep ch.   2038 37511   644   591   612   730 10069

2  ads (oth);  0 dep ch.   1746  2378   787   306    88   244  2123

2  ads (oth); 1+ dep ch.    155   580    39    33    15    79   756

3+ ads (m+f);  0 dep ch.   6775 14725   600   462   449   335  5170

3+ ads (m+f); 1+ dep ch.   1478  8763   142   170   193   189  2704

3+ ads (oth);  0 dep ch.    142   347   540    39    21    61   222

3+ ads (oth); 1+ dep ch.     19    60    18     3     0    15    75

Synthetic counts   

                                        Tenure

H/hold composition      outr't buyng  furn unfrn w.job    HA LA/NT

1  adult pa ;  0 dep ch.  16089  1980   496  2490   394  3275 20157

1  adult<pa ;  0 dep ch.   3667 14021  5191  1395   515  1919 10620

1  adult    ; 1+ dep ch.    450  3145   406   343    87  1088  7639

2  ads (m+f);  0 dep ch.  25006 31309  1890  2193  1020  1833 16887

2  ads (m+f); 1+ dep ch.   2006 37672   588   674   645   696 10032

2  ads (oth);  0 dep ch.   1755  2444   792   294    87   211  2092

2  ads (oth); 1+ dep ch.    238   543    11    22    15    65   767

3+ ads (m+f);  0 dep ch.   6817 14839   543   455   412   292  5232

3+ ads (m+f); 1+ dep ch.   1467  8874    74   124   167   158  2705

3+ ads (oth);  0 dep ch.    174   337   517    40     8    40   218

3+ ads (oth); 1+ dep ch.     12    43    24     2     0     1    61




Error              

                                        Tenure

H/hold composition      outr't buyng  furn unfrn w.job    HA LA/NT

1  adult pa ;  0 dep ch.    -48   -43   -29   -20   -32   -29  -201

1  adult<pa ;  0 dep ch.    -71   -48   113   -16    15    27    56

1  adult    ; 1+ dep ch.      9     6   -37   -22    -5     8    -5

2  ads (m+f);  0 dep ch.     80   138    55    42    26   -11    52

2  ads (m+f); 1+ dep ch.    -32   161   -56    83    33   -34   -37

2  ads (oth);  0 dep ch.      9    66     5   -12    -1   -33   -31

2  ads (oth); 1+ dep ch.     83   -37   -28   -11     0   -14    11

3+ ads (m+f);  0 dep ch.     42   114   -57    -7   -37   -43    62

3+ ads (m+f); 1+ dep ch.    -11   111   -68   -46   -26   -31     1

3+ ads (oth);  0 dep ch.     32   -10   -23     1   -13   -21    -4

3+ ads (oth); 1+ dep ch.     -7   -17     6    -1     0   -14   -14

Z-scores           

                                        Tenure

H/hold composition      outr't buyng  furn unfrn w.job    HA LA/NT

1  adult pa ;  0 dep ch.  -0.41 -0.97 -1.27 -0.41 -1.56 -0.52 -1.49

1  adult<pa ;  0 dep ch.  -1.18 -0.44  1.59 -0.43  0.67  0.61  0.54

1  adult    ; 1+ dep ch.   0.42  0.10 -1.76 -1.16 -0.52  0.24 -0.08

2  ads (m+f);  0 dep ch.   0.50  0.79  1.28  0.90  0.82 -0.27  0.39

2  ads (m+f); 1+ dep ch.  -0.72  0.85 -2.21  3.41  1.33 -1.26 -0.40

2  ads (oth);  0 dep ch.   0.21  1.35  0.17 -0.69 -0.11 -2.12 -0.68

2  ads (oth); 1+ dep ch.   6.66 -1.54 -4.48 -1.92  0.00 -1.58  0.40

3+ ads (m+f);  0 dep ch.   0.50  0.94 -2.33 -0.33 -1.75 -2.35  0.86

3+ ads (m+f); 1+ dep ch.  -0.29  1.19 -5.71 -3.53 -1.87 -2.26  0.01

3+ ads (oth);  0 dep ch.   2.68 -0.54 -0.99  0.16 -2.84 -2.69 -0.27

3+ ads (oth); 1+ dep ch.  -1.61 -2.20  1.41 -0.58 -1.00 -3.61 -1.62
Table: S01         Table Cells: 6

NFT:   0  NFC:  0

SSZ: 1.01 CV: 12.59

Target (SAS) counts

                     Male  Female

Present residents   309722 332945

Absent residents     14966  14606

Visitors (in res hh)  4717   4619

Synthetic counts   

                     Male  Female

Present residents   309405 332632

Absent residents     14873  14510

Visitors (in res hh)  4692   4601




Error              

                     Male  Female

Present residents     -317   -313

Absent residents       -93    -96

Visitors (in res hh)   -25    -18

Z-scores           

                     Male  Female

Present residents     0.18   0.26

Absent residents     -0.61  -0.65

Visitors (in res hh) -0.28  -0.18

Table: S22         Table Cells: 196

NFT:   1  NFC:  7
SSZ: 826.32 CV: 229.66

Target (SAS) counts

Tenure     Persons               Rooms in household

           in h/h       1    2     3     4     5     6    7+

Owner-occ.      1    153  1461  3970 11809 10222  6107  2277

                2     35   639  3189 15171 21173 14460  7291

                3      5    47   691  4575 11396  8592  5732

                4      5    14   264  2298 10301  9671  8476

                5      6     5    57   415  2656  2599  3357

                6      0     3    18    98   527   675   994

                7+     0     2     9    40   176   336   543

Rent Priv/Job   1   2494  1541  1862  2273  1163   723   409

                2    227   580  1264  1991  1411   678   424

                3     34    56   207   569   755   472   296

                4     13    19    91   250   477   436   319

                5      6     3    21    77   176   199   183

                6      0     1     4    23    42    46    87

                7+     1     0     0     6    23    38    39

Rent from HA    1    416  1413  1832  1056   343    89    26

                2     26   281   772   920   429   151    30

                3      3    17   122   256   278   148    48

                4      1     2    44   109   234   144    45

                5      2     0    11    23   102    95    47

                6      0     0     1     6    38    55    22

                7+     0     0     2     2    15    28    33

Rent from LA/NT 1    606  4896  9592 10336  4359   913   201

                2     30  1052  3511  9265  6692  1470   398

                3      4    90   734  3327  4715  1170   356

                4      0    12   316  1567  3959  1152   393

                5      0    10    72   438  1891   676   324

                6      0     2    19    81   599   380   241

                7+     0     1     3    28   196   186   203

Synthetic counts   

Tenure     Persons               Rooms in household

           in h/h       1    2     3     4     5     6    7+

Owner-occ.      1    142  1415  3886 11707 10203  6141  2263

                2     32   621  3090 15186 21425 14513  7396

                3      3    32   629  4481 11515  8707  5765

                4      0     4   231  2243 10333  9814  8532

                5      0     2    40   433  2645  2669  3466

                6      0     0     2    95   518   710   946

                7+     0     0     0    51   177   288   537

Rent Priv/Job   1   2544  1515  1879  2267  1151   721   404

                2    219   610  1287  2044  1454   705   434

                3     20    28   202   554   776   536   272

                4      1     0    99   209   449   425   322

                5      3     1     9    57   156   150   179

                6      0     0     1    32    34    35    67

                7+     0     0     0     2    17    25    19

Rent from HA    1    436  1441  1837  1038   323    98    21

                2     24   293   743   919   464   140    11

                3      0    11   127   257   284   152    37

                4      0     1    35   100   216   106    27

                5      0    15     1    14   115   157    16

                6      0     0     1     4    48    23    15

                7+     0     0     0     3     5     9    11

Rent from LA/NT 1    602  4872  9608 10279  4326   911   179

                2     27  1020  3484  9271  6784  1528   360

                3      8    67   651  3254  4803  1242   329

                4      1     4   289  1534  4081  1200   343

                5      0     2    72   433  1974   742   288

                6      0     0     7    56   643   345   216

                7+     0     0    14    20   205   194   142




Error              

Tenure     Persons               Rooms in household

           in h/h       1    2     3     4     5     6    7+

Owner-occ.      1    -11   -46   -84  -102   -19    34   -14

                2     -3   -18   -99    15   252    53   105

                3     -2   -15   -62   -94   119   115    33

                4     -5   -10   -33   -55    32   143    56

                5     -6    -3   -17    18   -11    70   109

                6      0    -3   -16    -3    -9    35   -48

                7+     0    -2    -9    11     1   -48    -6

Rent Priv/Job   1     50   -26    17    -6   -12    -2    -5

                2     -8    30    23    53    43    27    10

                3    -14   -28    -5   -15    21    64   -24

                4    -12   -19     8   -41   -28   -11     3

                5     -3    -2   -12   -20   -20   -49    -4

                6      0    -1    -3     9    -8   -11   -20

                7+    -1     0     0    -4    -6   -13   -20

Rent from HA    1     20    28     5   -18   -20     9    -5

                2     -2    12   -29    -1    35   -11   -19

                3     -3    -6     5     1     6     4   -11

                4     -1    -1    -9    -9   -18   -38   -18

                5     -2    15   -10    -9    13    62   -31

                6      0     0     0    -2    10   -32    -7

                7+     0     0    -2     1   -10   -19   -22

Rent from LA/NT 1     -4   -24    16   -57   -33    -2   -22

                2     -3   -32   -27     6    92    58   -38

                3      4   -23   -83   -73    88    72   -27

                4      1    -8   -27   -33   122    48   -50

                5      0    -8     0    -5    83    66   -36

                6      0    -2   -12   -25    44   -35   -25

                7+     0    -1    11    -8     9     8   -61

Z-scores          

Tenure     Persons               Rooms in household

           in h/h       1    2     3     4     5     6    7+

Owner-occ.      1  -0.89 -1.21 -1.36 -0.98 -0.21  0.42 -0.30

                2  -0.51 -0.72 -1.77  0.10  1.77  0.43  1.23

                3  -0.89 -2.19 -2.37 -1.41  1.12  1.24  0.42

                4  -2.24 -2.67 -2.03 -1.16  0.30  1.46  0.60

                5  -2.45 -1.34 -2.25  0.88 -0.23  1.37  1.88

                6  -1.00 -1.73 -3.77 -0.31 -0.40  1.34 -1.53

                7+ -1.00 -1.41 -3.00  1.74  0.07 -2.62 -0.26

Rent Priv/Job   1   1.00 -0.67  0.39 -0.14 -0.36 -0.08 -0.25

                2  -0.53  1.24  0.64  1.18  1.14  1.03  0.48

                3  -2.40 -3.74 -0.35 -0.63  0.76  2.94 -1.40

                4  -3.33 -4.36  0.84 -2.60 -1.29 -0.53  0.16

                5  -1.23 -1.15 -2.62 -2.28 -1.51 -3.48 -0.30

                6  -1.00 -1.00 -1.50  1.88 -1.24 -1.62 -2.15

                7+ -1.00 -1.00 -1.00 -1.63 -1.25 -2.11 -3.20

Rent from HA    1   0.98  0.74  0.11 -0.56 -1.08  0.95 -0.98

                2  -0.39  0.71 -1.05 -0.04  1.69 -0.90 -3.47

                3  -1.73 -1.46  0.45  0.06  0.36  0.33 -1.59

                4  -1.00 -0.71 -1.36 -0.86 -1.18 -3.17 -2.68

                5  -1.41 14.00 -3.02 -1.88  1.29  6.36 -4.52

                6  -1.00 -1.00  0.00 -0.82  1.62 -4.32 -1.49

                7+ -1.00 -1.00 -1.41  0.71 -2.58 -3.59 -3.83

Rent from LA/NT 1  -0.17 -0.36  0.15 -0.59 -0.52 -0.07 -1.55

                2  -0.55 -0.99 -0.47  0.04  1.12  1.51 -1.91

                3   2.00 -2.43 -3.07 -1.28  1.28  2.10 -1.44

                4   0.00 -2.31 -1.52 -0.84  1.94  1.41 -2.53

                5  -1.00 -2.53  0.00 -0.24  1.91  2.54 -2.00

                6  -1.00 -1.41 -2.75 -2.78  1.79 -1.80 -1.61

                7+ -1.00 -1.00  6.35 -1.51  0.64  0.58 -4.28

Table: S12         Table Cells: 14

NFT:   0  NFC:  0

SSZ: 0.12 CV: 23.68

Target (SAS) counts

Res. with LLTI

       male female

 0-15   1829  1394

16-29   2635  2316

30-44   4351  3944

45-59   8684  8451

60-64   5536  4479

65-74   9937 11196

 75+    7385 15481

Synthetic counts   

Res. with LLTI

       male female

 0-15   1828  1390

16-29   2626  2310

30-44   4338  3932

45-59   8653  8428

60-64   5503  4467

65-74   9905 11168

 75+    7350 15450




Error              

Res. with LLTI

       male female

 0-15     -1    -4

16-29     -9    -6

30-44    -13   -12

45-59    -31   -23

60-64    -33   -12

65-74    -32   -28

 75+     -35   -31

Z-scores           

Res. with LLTI

       male female

 0-15   0.11  0.01

16-29  -0.02  0.02

30-44   0.01  0.00

45-59  -0.05  0.03

60-64  -0.22  0.03

65-74  -0.01  0.07

 75+   -0.15  0.15

Table: S29         Table Cells: 7

NFT:   0  NFC:  0

SSZ: 0.63 CV: 14.07

Target (SAS) counts

Non-dependants  Dependants  H/holds

      1+            0       149366

      0             1        22109

      0             2         7075

      0             3+         306

      1             1+       31192

      2             1+       56617

      3+            1+       14098

Synthetic counts   

Non-dependants  Dependants  H/holds

      1+            0       149388

      0             1        22098

      0             2         7059

      0             3+         300

      1             1+       31207

      2             1+       56703

      3+            1+       14035




Error              

Non-dependants  Dependants  H/holds

      1+            0           22

      0             1          -11

      0             2          -16

      0             3+          -6

      1             1+          15

      2             1+          86

      3+            1+         -63

Z-scores          

Non-dependants  Dependants  H/holds

      1+            0       0.03

      0             1      -0.09

      0             2      -0.20

      0             3+     -0.34

      1             1+      0.07

      2             1+      0.38

      3+            1+     -0.56

Table: S86         Table Cells: 76

NFT:   1  NFC:  4
SSZ: 331.15 CV: 97.43

Target (SAS) counts

Socio-economic group of                   Tenure

econ act. head of h/hld         OwnOcc  Priv    HA LA/NT

1   Emp & manag in large estab.   9375   329    82   427

2   Emp & manag in small estab.  18452  1691   221  1239

3   Prof. workers - self-emp.     2642   101    14    15

4   Prof. workers - employees     7360  1329    98   185

5.1 Anciallary workers/artists   15611  1943   516  1016

5.2 Foremen/supervis. non-man.    1666   162    18   143

6   Junior non-man workers       15615  2322   783  3847

7   Personal service workers      1488   613   128  1714

8   Foremen/supervis. manual      3897   302   112   956

9   Skilled manual workers       22119  1583   589  8068

10  Semi-skilled manual workers  10267  1581   466  6673

11  Unskilled manual workers      2983   680   298  4452

12  Own account (non-prof.)      10245   725   134  1663

13  Farmers - emp & manag.         166    77     0    20

14  Farmers - own account          119     7     0     8

15  Agricultural workers           130   110     7    77

16  Members of armed forces        187    38     0    49

17  Inad. desc. / not stated       804    99    90   292

    Economically inactive        49280  8379  6193 45679

Synthetic counts   

Socio-economic group of                   Tenure

econ act. head of h/hld         OwnOcc  Priv    HA LA/NT

1   Emp & manag in large estab.   9334   320    64   414

2   Emp & manag in small estab.  18472  1703   179  1225

3   Prof. workers - self-emp.     2373    64     2     5

4   Prof. workers - employees     7247  1219    62   172

5.1 Anciallary workers/artists   15682  1924   454  1077

5.2 Foremen/supervis. non-man.    1592   112    12   126

6   Junior non-man workers       15760  2307   703  3807

7   Personal service workers      1525   582   109  1660

8   Foremen/supervis. manual      3885   254    74   868

9   Skilled manual workers       22353  1613   565  7818

10  Semi-skilled manual workers  10501  1597   451  6577

11  Unskilled manual workers      3031   676   267  4296

12  Own account (non-prof.)      10208   699   101  1577

13  Farmers - emp & manag.         176    80     0     8

14  Farmers - own account          129     3     0     2

15  Agricultural workers           130    96     1    63

16  Members of armed forces        191    36     0    34

17  Inad. desc. / not stated       963   108    51   293

    Economically inactive        49336  8521  6483 46388




Error              

Socio-economic group of                   Tenure

econ act. head of h/hld         OwnOcc  Priv    HA LA/NT

1   Emp & manag in large estab.    -41    -9   -18   -13

2   Emp & manag in small estab.     20    12   -42   -14

3   Prof. workers - self-emp.     -269   -37   -12   -10

4   Prof. workers - employees     -113  -110   -36   -13

5.1 Anciallary workers/artists      71   -19   -62    61

5.2 Foremen/supervis. non-man.     -74   -50    -6   -17

6   Junior non-man workers         145   -15   -80   -40

7   Personal service workers        37   -31   -19   -54

8   Foremen/supervis. manual       -12   -48   -38   -88

9   Skilled manual workers         234    30   -24  -250

10  Semi-skilled manual workers    234    16   -15   -96

11  Unskilled manual workers        48    -4   -31  -156

12  Own account (non-prof.)        -37   -26   -33   -86

13  Farmers - emp & manag.          10     3     0   -12

14  Farmers - own account           10    -4     0    -6

15  Agricultural workers             0   -14    -6   -14

16  Members of armed forces          4    -2     0   -15

17  Inad. desc. / not stated       159     9   -39     1

    Economically inactive           56   142   290   709

Z-scores          

Socio-economic group of                   Tenure

econ act. head of h/hld         OwnOcc  Priv    HA LA/NT

1   Emp & manag in large estab.  -0.45 -0.50 -1.99 -0.63

2   Emp & manag in small estab.   0.13  0.29 -2.83 -0.40

3   Prof. workers - self-emp.    -5.26 -3.68 -3.21 -2.58

4   Prof. workers - employees    -1.35 -3.03 -3.64 -0.96

5.1 Anciallary workers/artists    0.57 -0.44 -2.73  1.91

5.2 Foremen/supervis. non-man.   -1.82 -3.93 -1.41 -1.42

6   Junior non-man workers        1.18 -0.32 -2.87 -0.66

7   Personal service workers      0.96 -1.26 -1.68 -1.31

8   Foremen/supervis. manual     -0.20 -2.77 -3.59 -2.86

9   Skilled manual workers        1.62  0.75 -0.99 -2.84

10  Semi-skilled manual workers   2.34  0.40 -0.70 -1.20

11  Unskilled manual workers      0.88 -0.16 -1.80 -2.37

12  Own account (non-prof.)      -0.39 -0.97 -2.85 -2.12

13  Farmers - emp & manag.        0.77  0.34 -1.00 -2.68

14  Farmers - own account         0.92 -1.51 -1.00 -2.12

15  Agricultural workers          0.00 -1.34 -2.27 -1.60

16  Members of armed forces       0.29 -0.33 -1.00 -2.14

17  Inad. desc. / not stated      5.61  0.90 -4.11  0.06

    Economically inactive         0.24  1.56  3.71  3.59

Table: S39         Table Cells: 28

NFT:   0  NFC:  0

SSZ: 7.25 CV: 41.34

Target (SAS) counts

           Male        Female

         SWD M'rrd   SWD M'rrd

16-29  13550 11925 13920  3121

30-44  12131 45681 12801  5871

45-59   8212 41729 10605  2968

60-64   2875 12733  5315   654

65-74   5431 20302 14607   950

75-84   4140  8328 15502   598

 85+    1008   925  4739   182

Synthetic counts   

           Male        Female

         SWD M'rrd   SWD M'rrd

16-29  13563 11895 13844  3109

30-44  12106 45833 12827  5825

45-59   8192 41849 10571  2970

60-64   2819 12660  5288   653

65-74   5412 20354 14650   945

75-84   4094  8369 15589   593

 85+     984   897  4723   176




Error              

           Male        Female

         SWD M'rrd   SWD M'rrd

16-29     13   -30   -76   -12

30-44    -25   152    26   -46

45-59    -20   120   -34     2

60-64    -56   -73   -27    -1

65-74    -19    52    43    -5

75-84    -46    41    87    -5

 85+     -24   -28   -16    -6

Z-scores           

           Male        Female

         SWD M'rrd   SWD M'rrd

16-29   0.12 -0.28 -0.66 -0.21

30-44  -0.23  0.79  0.24 -0.60

45-59  -0.22  0.65 -0.33  0.04

60-64  -1.05 -0.66 -0.37 -0.04

65-74  -0.26  0.39  0.37 -0.16

75-84  -0.72  0.46  0.72 -0.20

 85+   -0.76 -0.92 -0.23 -0.44

Table: S34         Table Cells: 56

NFT:   1  NFC:  2
SSZ: 325.28 CV: 74.47

Target (SAS) counts

                            Males       Females

Ecomomic position         SWD M'rrd   SWD M'rrd

Employees: full time    49761 82440 39366 35747

Empolyees: part time     2204  2856  9811 41170

Self emp.: w. employees  1421  6974   532  2142

Self emp.: no employees  4717 11477  1225  3276

On a Government Scheme   1945   474  1272   317

Unemployed              13303  7975  5926  2955

EA Student: empl FT       269    21   179     1

EA student: empl PT       727    36  1333    82

EA student: self-emp.      16     0     3     0

EA student: unemployed    149     9    50     1

Econ inact. student     10227   702  9778   620

Permanently sick         4534  7796  4120  4362

Retired                 11994 31314 36853 27269

Other inactive            812   884 16079 36507

Synthetic counts   

                            Males       Females

Ecomomic position         SWD M'rrd   SWD M'rrd

Employees: full time    49992 82821 39403 35798

Empolyees: part time     2038  2738  9772 41184

Self emp.: w. employees  1368  6820   460  2059

Self emp.: no employees  4672 11332  1166  3212

On a Government Scheme   1836   414  1231   263

Unemployed              13287  7974  5885  2858

EA Student: empl FT       224    10   104     1

EA student: empl PT       710    12  1203    53

EA student: self-emp.       0     0     1     1

EA student: unemployed     59     0     8     1

Econ inact. student     10248   603  9727   539

Permanently sick         4462  7698  3949  4208

Retired                 11953 31234 36807 27086

Other inactive            769   824 16208 36896




Error              

                            Males       Females

Ecomomic position         SWD M'rrd   SWD M'rrd

Employees: full time      231   381    37    51

Empolyees: part time     -166  -118   -39    14

Self emp.: w. employees   -53  -154   -72   -83

Self emp.: no employees   -45  -145   -59   -64

On a Government Scheme   -109   -60   -41   -54

Unemployed                -16    -1   -41   -97

EA Student: empl FT       -45   -11   -75     0

EA student: empl PT       -17   -24  -130   -29

EA student: self-emp.     -16     0    -2     1

EA student: unemployed    -90    -9   -42     0

Econ inact. student        21   -99   -51   -81

Permanently sick          -72   -98  -171  -154

Retired                   -41   -80   -46  -183

Other inactive            -43   -60   129   389

Z-scores           

                            Males       Females

Ecomomic position         SWD M'rrd   SWD M'rrd

Employees: full time     1.89  2.52  0.90  0.95

Empolyees: part time    -3.39 -2.04 -0.06  0.80

Self emp.: w. employees -1.28 -1.57 -3.05 -1.64

Self emp.: no employees -0.42 -1.00 -1.57 -0.93

On a Government Scheme  -2.33 -2.69 -1.03 -2.98

Unemployed               0.26  0.30 -0.27 -1.61

EA Student: empl FT     -2.70 -2.39 -5.58  0.00

EA student: empl PT     -0.54 -3.99 -3.45 -3.18

EA student: self-emp.   -4.00 -1.00 -1.15  0.00

EA student: unemployed  -7.36 -3.00 -5.94  0.00

Econ inact. student      0.56 -3.66 -0.18 -3.18

Permanently sick        -0.85 -0.82 -2.46 -2.12

Retired                  0.00  0.16  0.43 -0.56

Other inactive          -1.42 -1.92  1.48  2.80


Table: S08         Table Cells: 180

NFT:   1  NFC:  1
SSZ: 569.99CV: 212.30

Target (SAS) counts

                                         Age

Sex    Econ. position  16-19 20-24 25-29 30-34 35-44 45-54 55-59 60-64   65+

Male   Employee: FT     6928 16368 18966 17139 31685 24854  9609  6055   731

       Employee: PT     1252   564   389   319   571   518   500   592  1180

       Self-emp 1+emps     9   153   659  1094  2706  2202   812   461   294

       Self-emp 0 emps   151  1060  1988  2112  4390  3674  1371   887   531

       On govt. scheme   996   393   310   212   316   131    55    16    14

       Unemployed       2313  3883  3057  2362  3757  2962  1678  1371    54

       Student          6175  3257   671   359   310    58     9     8    21

       Perm. sick         75   328   459   500  1442  2444  2362  3538  1318

       Retired             3     8     9    10    52   330   926  3556 38396

       Other              43   145   195   216   396   258   143   136   186

Female Employee: FT     5998 14701 12566  7937 15982 12712  3886  1017   316

       Employee: PT     1964  2271  4886  7035 15483 12613  4923  2393  1008

       Self-emp 1+emps     3    68   202   344   859   733   202   113    84

       Self-emp 0 emps    38   317   538   706  1392   947   300   174   132

       On govt. scheme   682   267   179   151   179   104    28     3     7

       Unemployed       1305  1917  1318   885  1423  1254   668    51    33

       Student          6332  2772   524   290   335    91     4     7    25

       Perm. sick         99   250   347   394  1254  2416  1903   827   990

       Retired            10    18    20    16    69   510  1617 10275 51521

       Other            1017  4960  7316  7047  8856  6723  4394  3347  9044

Synthetic counts   

                                         Age

Sex    Econ. position  16-19 20-24 25-29 30-34 35-44 45-54 55-59 60-64   65+

Male   Employee: FT     6865 16539 19133 17293 31900 24950  9656  6012   699

       Employee: PT     1147   519   374   279   529   501   460   538  1151

       Self-emp 1+emps     2   136   607  1071  2682  2205   794   437   254

       Self-emp 0 emps   132  1053  1949  2083  4388  3673  1344   891   491

       On govt. scheme  1030   310   273   185   284   123    36     6     3

       Unemployed       2335  3887  3103  2351  3762  2910  1640  1308    24

       Student          6192  3310   639   367   304    39     0     0     0

       Perm. sick         37   307   358   500  1391  2411  2348  3557  1251

       Retired             0     1     3     3    30   323   924  3620 38283

       Other              31   110   175   209   411   221   133   132   171

Female Employee: FT     5894 14800 12620  7976 16098 12768  3850  1032   268

       Employee: PT     1874  2214  4816  6945 15557 12607  4825  2367  1007

       Self-emp 1+emps    10    55   173   336   851   732   197    93    72

       Self-emp 0 emps    30   306   524   670  1370   903   315   135   127

       On govt. scheme   717   242   164   109   178    72    12     0     0

       Unemployed       1329  1964  1338   852  1417  1205   617    29     1

       Student          6293  2814   513   276   307    59     2     2     0

       Perm. sick         56   225   323   382  1190  2378  1894   777   932

       Retired             3    13     5    10    42   486  1583 10377 51374

       Other             985  4926  7386  7183  8987  6820  4471  3350  8996




Error              

                                         Age

Sex    Econ. position  16-19 20-24 25-29 30-34 35-44 45-54 55-59 60-64   65+

Male   Employee: FT      -63   171   167   154   215    96    47   -43   -32

       Employee: PT     -105   -45   -15   -40   -42   -17   -40   -54   -29

       Self-emp 1+emps    -7   -17   -52   -23   -24     3   -18   -24   -40

       Self-emp 0 emps   -19    -7   -39   -29    -2    -1   -27     4   -40

       On govt. scheme    34   -83   -37   -27   -32    -8   -19   -10   -11

       Unemployed         22     4    46   -11     5   -52   -38   -63   -30

       Student            17    53   -32     8    -6   -19    -9    -8   -21

       Perm. sick        -38   -21  -101     0   -51   -33   -14    19   -67

       Retired            -3    -7    -6    -7   -22    -7    -2    64  -113

       Other             -12   -35   -20    -7    15   -37   -10    -4   -15

Female Employee: FT     -104    99    54    39   116    56   -36    15   -48

       Employee: PT      -90   -57   -70   -90    74    -6   -98   -26    -1

       Self-emp 1+emps     7   -13   -29    -8    -8    -1    -5   -20   -12

       Self-emp 0 emps    -8   -11   -14   -36   -22   -44    15   -39    -5

       On govt. scheme    35   -25   -15   -42    -1   -32   -16    -3    -7

       Unemployed         24    47    20   -33    -6   -49   -51   -22   -32

       Student           -39    42   -11   -14   -28   -32    -2    -5   -25

       Perm. sick        -43   -25   -24   -12   -64   -38    -9   -50   -58

       Retired            -7    -5   -15    -6   -27   -24   -34   102  -147

       Other             -32   -34    70   136   131    97    77     3   -48

Z-scores           

                                         Age

Sex    Econ. position  16-19 20-24 25-29 30-34 35-44 45-54 55-59 60-64   65+

Male   Employee: FT        0     2     2     2     2     1     1     0    -1

       Employee: PT       -3    -2    -1    -2    -2    -1    -2    -2    -1

       Self-emp 1+emps    -2    -1    -2    -1     0     0    -1    -1    -2

       Self-emp 0 emps    -2     0    -1     0     0     0    -1     0    -2

       On govt. scheme     1    -4    -2    -2    -2    -1    -3    -2    -3

       Unemployed          1     0     1     0     0    -1    -1    -2    -4

       Student             0     1    -1     0     0    -2    -3    -3    -5

       Perm. sick         -4    -1    -5     0    -1    -1     0     1    -2

       Retired            -2    -2    -2    -2    -3     0     0     1     0

       Other              -2    -3    -1     0     1    -2    -1     0    -1

Female Employee: FT       -1     1     1     1     1     1     0     1    -3

       Employee: PT       -2    -1    -1    -1     1     0    -1     0     0

       Self-emp 1+emps     4    -2    -2     0     0     0     0    -2    -1

       Self-emp 0 emps    -1    -1    -1    -1     0    -1     1    -3     0

       On govt. scheme     1    -1    -1    -3     0    -3    -3    -2    -3

       Unemployed          1     1     1    -1     0    -1    -2    -3    -6

       Student             0     1     0    -1    -1    -3    -1    -2    -5

       Perm. sick         -4    -2    -1    -1    -2    -1     0    -2    -2

       Retired            -2    -1    -3    -1    -3    -1    -1     1     0

       Other              -1     0     1     2     2     1     1     0     0

Table: S49         Table Cells: 16

NFT:   0  NFC:  0

SSZ: 11.18 CV: 26.30

Target (SAS) counts

                        Ethnic group

Tenure            White Black   IPB Other

Owner-occupied   165792  1865  3781  1096

Rented privately  17308   455   432   522

Rented from HA     8790   602   115   202

Rented from LA/NT 74465  1308   399   328

Synthetic counts   

                        Ethnic group

Tenure            White Black   IPB Other

Owner-occupied   166160  1813  3841  1075

Rented privately  17208   433   421   502

Rented from HA     8697   577   110   194

Rented from LA/NT 74415  1289   387   319




Error              

                        Ethnic group

Tenure            White Black   IPB Other

Owner-occupied      368   -52    60   -21

Rented privately   -100   -22   -11   -20

Rented from HA      -93   -25    -5    -8

Rented from LA/NT   -50   -19   -12    -9

Z-scores           

                        Ethnic group

Tenure            White Black   IPB Other

Owner-occupied     1.47 -1.21  0.99 -0.63

Rented privately  -0.78 -1.03 -0.53 -0.87

Rented from HA    -1.00 -1.02 -0.47 -0.56

Rented from LA/NT -0.19 -0.52 -0.60 -0.50

Table: S09         Table Cells: 24

NFT:   0  NFC:  0

SSZ: 30.68 CV: 36.42

Target (SAS) counts

                                  Ethnic group

Sex/Age      Econ Pos.      White Black   IPB Other

Males 16+    Econ. active  158183  1988  3826  1326

             Unemployed     19324   761  1054   290

             Econ. inactive 65001   944  1488   805

Females 16+  Econ. active  131142  2071  2375   940

             Unemployed      8002   315   428   158

             Econ. inactive129402  1349  3586  1221

Synthetic counts   

                                  Ethnic group

Sex/Age      Econ Pos.      White Black   IPB Other

Males 16+    Econ. active  158011  1953  3727  1296

             Unemployed     19286   730  1032   272

             Econ. inactive 64710   908  1443   730

Females 16+  Econ. active  130659  2043  2259   950

             Unemployed      7919   295   408   130

             Econ. inactive129341  1309  3542  1228




Error              

                                  Ethnic group

Sex/Age      Econ Pos.      White Black   IPB Other

Males 16+    Econ. active    -172   -35   -99   -30

             Unemployed       -38   -31   -22   -18

             Econ. inactive  -291   -36   -45   -75

Females 16+  Econ. active    -483   -28  -116    10

             Unemployed       -83   -20   -20   -28

             Econ. inactive   -61   -40   -44     7

Z-scores           

                                  Ethnic group

Sex/Age      Econ Pos.      White Black   IPB Other

Males 16+    Econ. active    1.08 -0.64 -1.40 -0.70

             Unemployed      0.20 -1.04 -0.57 -1.00

             Econ. inactive -0.31 -1.07 -1.04 -2.56

Females 16+  Econ. active   -0.14 -0.47 -2.23  0.43

             Unemployed     -0.63 -1.07 -0.90 -2.19

             Econ. inactive  1.19 -0.97 -0.54  0.32

Table: S42b        Table Cells: 33

NFT:   1  NFC:  0
SSZ: 59.36 CV: 41.40

Target (SAS) counts

                                  Cars

H/hold composition            0     1    2+

1  adult pa ;  0 dep ch.  39162  6073    93

1  adult<pa ;  0 dep ch.  19734 16438  1082

1  adult    ; 1+ dep ch.   9668  3423   148

2  ads (m+f);  0 dep ch.  24584 41268 13904

2  ads (m+f); 1+ dep ch.   9574 26435 16187

2  ads (oth);  0 dep ch.   3537  2970  1213

2  ads (oth); 1+ dep ch.    914   672   168

3+ ads (m+f);  0 dep ch.   5439 10263 12820

3+ ads (m+f); 1+ dep ch.   2637  5575  5449

3+ ads (oth);  0 dep ch.    611   472   375

3+ ads (oth); 1+ dep ch.     98    86    31

Synthetic counts   

                                  Cars

H/hold composition            0     1    2+

1  adult pa ;  0 dep ch.  38766  6023    92

1  adult<pa ;  0 dep ch.  19790 16460  1078

1  adult    ; 1+ dep ch.   9609  3405   144

2  ads (m+f);  0 dep ch.  24601 41570 13967

2  ads (m+f); 1+ dep ch.   9503 26598 16212

2  ads (oth);  0 dep ch.   3513  2952  1210

2  ads (oth); 1+ dep ch.    858   656   147

3+ ads (m+f);  0 dep ch.   5359 10281 12950

3+ ads (m+f); 1+ dep ch.   2536  5563  5470

3+ ads (oth);  0 dep ch.    555   430   349

3+ ads (oth); 1+ dep ch.     63    63    17




Error              

                                  Cars

H/hold composition            0     1    2+

1  adult pa ;  0 dep ch.   -396   -50    -1

1  adult<pa ;  0 dep ch.     56    22    -4

1  adult    ; 1+ dep ch.    -59   -18    -4

2  ads (m+f);  0 dep ch.     17   302    63

2  ads (m+f); 1+ dep ch.    -71   163    25

2  ads (oth);  0 dep ch.    -24   -18    -3

2  ads (oth); 1+ dep ch.    -56   -16   -21

3+ ads (m+f);  0 dep ch.    -80    18   130

3+ ads (m+f); 1+ dep ch.   -101   -12    21

3+ ads (oth);  0 dep ch.    -56   -42   -26

3+ ads (oth); 1+ dep ch.    -35   -23   -14

Z-scores           

                                  Cars

H/hold composition            0     1    2+

1  adult pa ;  0 dep ch.  -1.92 -0.56 -0.09

1  adult<pa ;  0 dep ch.   0.58  0.32 -0.09

1  adult    ; 1+ dep ch.  -0.50 -0.24 -0.32

2  ads (m+f);  0 dep ch.   0.30  1.86  0.68

2  ads (m+f); 1+ dep ch.  -0.63  1.24  0.35

2  ads (oth);  0 dep ch.  -0.34 -0.27 -0.05

2  ads (oth); 1+ dep ch.  -1.82 -0.59 -1.61

3+ ads (m+f);  0 dep ch.  -1.01  0.30  1.31

3+ ads (m+f); 1+ dep ch.  -1.92 -0.08  0.37

3+ ads (oth);  0 dep ch.  -2.24 -1.91 -1.32

3+ ads (oth); 1+ dep ch.  -3.53 -2.47 -2.51

Table: S74         Table Cells: 20

NFT:   0  NFC:  0

SSZ: 4.11 CV: 31.41

Target (SAS) counts

SOC Major Group           Male Female

1 Managers/Administrators 29293 13882

2 Professional            15182 10155

3 Assoc. professional     12417 12688

4 Clerical/secretarial    12326 40190

5 Craft & related         39464  5572

6 Personal service         8083 18515

7 Sales                    8472 14265

8 Plant operatives        25026  5511

9 Other occupations       11948 12604

  Not stated/inad. desc.   1364   877

Synthetic counts   

SOC Major Group           Male Female

1 Managers/Administrators 29146 13920

2 Professional            15078 10123

3 Assoc. professional     12360 12661

4 Clerical/secretarial    12240 40242

5 Craft & related         39262  5566

6 Personal service         8040 18559

7 Sales                    8428 14314

8 Plant operatives        24927  5497

9 Other occupations       11889 12655

  Not stated/inad. desc.   1367   880




Error              

SOC Major Group           Male Female

1 Managers/Administrators  -147    38

2 Professional             -104   -32

3 Assoc. professional       -57   -27

4 Clerical/secretarial      -86    52

5 Craft & related          -202    -6

6 Personal service          -43    44

7 Sales                     -44    49

8 Plant operatives          -99   -14

9 Other occupations         -59    51

  Not stated/inad. desc.      3     3

Z-scores           

SOC Major Group           Male Female

1 Managers/Administrators -0.49  0.61

2 Professional            -0.58 -0.09

3 Assoc. professional     -0.26  0.02

4 Clerical/secretarial    -0.53  0.77

5 Craft & related         -0.61  0.09

6 Personal service        -0.28  0.66

7 Sales                   -0.27  0.70

8 Plant operatives        -0.28 -0.02

9 Other occupations       -0.30  0.73

  Not stated/inad. desc.   0.17  0.17
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