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0. Executive Summary

The aim of the project was to develop a methodology for calculating standard errors of the regional ABS estimates of total turnover, total purchases and approximate gross value added, at SIC07 division by NUTS1 region level.
The recommended method is to use the SAS routine GES (Generalised Estimation System). GES is the standard method for calculating standard errors in ONS.
This work was funded by the Quality Improvement Fund.

Notes

Although good quality standard errors were produced for all estimates and all methods tested, for disclosure reasons, standard errors and coefficients of variation (CVs) are only presented in the graphs where the corresponding estimate is provided in the ABS regional publication. The commentary makes general references to standard errors and CVs that are not included in the graphs. Therefore the conclusions drawn in the commentary may not always be apparent in the graphs.
CVs for Northern Ireland estimates calculated in this report may differ from those published by the Department of Finance and Personnel – Northern Ireland (DFPNI). This is because they have been calculated using different methodologies.
1. Introduction

In 2013, the ABS branch in Business Outputs and Developments division at the Office for National Statistics (ONS) were awarded funding from the Quality Improvement Fund (QIF) to develop a methodology for calculating standard errors of ABS regional estimates. The aim of calculating standard errors is to provide an indication of the quality of the estimates.

The research budget was managed by the ONS Methodology Advisory Service, which recruited members of the Sample Design and Estimation for Business (SDEB) Surveys branch in Survey Methodology and Statistical Computing division, ONS. SDEB are responsible for providing methodological support on sample design, sample allocation and estimation methods used for ONS business surveys. This includes developing methods for calculating standard errors of business statistics estimates.

The research was completed during Summer 2013 using ABS data from 2010.

2. Annual Business Survey
The Annual Business Survey (ABS) is the largest annual structural business statistics survey conducted by the Office for National Statistics (ONS). The survey samples 71,000 businesses in Great Britain and Northern Ireland from the production, construction, distribution and services industries as well as part of the agriculture, forestry and fishing sector. A census is taken of businesses with 250 or more employment and a stratified simple random sample is taken of businesses with employment of less than 250. The stratification is based on industry and employment.
Regional estimates of total turnover, total purchases of goods, materials and services, approximate gross value added at basic prices, and total employment costs are published down to SIC07 division by NUTS1 region level. Users can also submit ad hoc requests for estimates of these variables at lower levels of aggregation, for example at local authority by SIC07 5-digit industry level.
The Inter-Departmental Business register (IDBR) is used as the sampling frame for ABS. The IDBR holds information on 2.1 million businesses in the UK, including turnover, employment and region. The IDBR imposes structures on businesses creating units called reporting and local units. Local units (LUs) are the individual sites of a business, for example shops and factories. Reporting units (RUs) are addresses held on the Inter Departmental Business Register (IDBR) for contacting businesses. For single site businesses (those with one LU) this will typically be the address of the LU, for multi-site businesses (those with more than one local unit) this may be an address of an administrative unit, for example a head office, which reports for a number of LUs.
The ABS samples and collects returns at the RU level. When producing regional estimates, an apportionment model is used to split the RU return to its local units so that businesses’ returns can contribute to estimates in the regions where they are based. More information on how the regional apportionment model works can be found in the ABS Technical Report (ONS, 2012)
.
After the apportionment process, estimates at or above the minimum domain
 level are produced using ratio estimation. Estimates below the minimum domain are produced a using small area estimation method, which works by apportioning out the minimum domain estimates to lower level aggregates based on total LU employment in that domain. Figure 1 illustrates how regional estimates are produced.
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Figure 1: Regional estimation process.

3. Standard errors
If the Annual Business Survey took a census of all businesses in the UK and all businesses completed the questionnaires correctly, then the true values of population totals of all variables would be known. However, the ABS takes a sample of UK businesses which means that population totals are estimated and these estimates are subject to sampling variability. Sampling variability means that if a different set of businesses had been sampled a different estimate would have resulted. Exactly how much estimates would vary by taking different samples cannot be measured directly, but is estimated using the standard error (the standard error is the square root of the variance of the estimate).
Standard errors are one measure of the quality of an estimate - another quality measure is bias. This is the difference between the expected value of an estimator over all possible samples, and the true value of what is being estimated. Even if a census of RUs was taken because an apportionment model is used to estimate LU returns, the regional estimates are going to be different from the regional estimates that would result from a census of LUs. This means that the regional estimates may contain an unknown element of bias.
Figure 2 illustrates the difference between bias and variance. Imagine throwing darts and aiming for the centre of the dart board. In picture 1 the darts fall close to each other so there is low variation between where each throw falls and they are centred on the middle of the board so there is low bias. In picture 2 the darts are more spread out but are still centred on the centre of the board illustrating larger variance but low bias. In picture 3 the darts are all close together but centred on a point away from the middle. This illustrates low variance and large bias. In picture 4 the darts are more spread out and not focussed on the centre illustrating high variance and some bias. 

If all businesses fill in questionnaires correctly then the ABS national estimates are approximately unbiased (pictures 1 and 2). The regional estimates however may contain an unknown element of bias due to the use of modelled LU values - calculated using an apportionment model - instead of LU survey returns (pictures 3 and 4). 
Standard errors capture the variance and not the bias of estimators; therefore by calculating standard errors of the region estimates, the aim of this project was to look at the variance of the regional estimates due to sampling and not the potential bias introduced by using an apportionment model.

The ideal measure of quality would be a combination of both sampling variability and bias. This is captured by the Root Mean Squared Error (RMSE) – the square root of the Mean Squared Error (MSE). The MSE is the sum of the variance and the (squared) bias. However, bias is difficult to measure in this case as there is a lack of true LU data to compare the apportioned data to.
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Figure 2: Illustration of differences between bias and variance.

4. Methods

Two methods for calculating standard errors were selected by the ABS team for testing:

· GES in SAS – a generic theory-based approach; and
· Bootstrapping – a simulation-based approach.
Other potential methods, for example using pre-existing routines written in other software, or deriving specific expressions for the variance, were not investigated due to time constraints. 

4.1 GES

Generalised Estimation System (GES) is a suite of SAS macros used in the production systems of many ONS surveys for estimation and standard error calculation.

To use GES for the regional estimates, the parameters in the regional apportionment model are assumed to be fixed. In effect these standard errors assume that the apportioned LU values are real LU returns. This assumption is known to be incorrect as the parameters are estimated and so are subject to sampling error. The accuracy of the GES approach thus depends on the impact of this assumption. The alternative method of bootstrapping is used to quantify this impact. 

In addition, the GES method can only be used for estimates at levels of aggregation at or above the minimum domain. This is because GES can produce standard errors for the ratio estimator, but not for estimates produced using the small area estimation method.

4.2 Bootstrapping

Bootstrapping is a re-sampling-based technique whereby a subsample of the actual sample is taken. Estimates are then calculated based on the new sample. This process is repeated a large number of times, and the standard error of the original estimate is estimated by taking the standard deviation of the estimates produced under this repeated re-sampling procedure.

Figure 3 illustrates how re-sampling works. From an original population of size N a simple random sample of size n was taken without replacement (each unit has an equal chance of selection and can only be selected once). 
Bootstrapping re-samples from this sample with replacement n-1 times. This means that the businesses in the original sample can be included in the re-sample once (yellow and purple businesses), multiple times (red business) or not at all (green and blue businesses). The bootstrap sample is then used to produce estimates using the same methodology as the original estimate.
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Figure 3: Illustration of bootstrap re-sampling.

The aim of re-sampling is to replicate the original sampling process. As stratified simple random sampling was originally used for the ABS sample design, bootstrapping is carried out separately for each original design stratum. 

Some of the original design strata have a large sampling fraction, which means that a large proportion of the population of the stratum was included in the sample. To account for this, a rescaling bootstrap method is implemented which adjusts design weights taking into account original sampling fractions. More details on this method are available in Girard (2009)
.
Above the minimum domain, the bootstrapping method is as follows.
1. Re-sample with replacement from the original sample of reporting units
2. Use the bootstrap sample of RUs as the input for the regional apportionment model

3. Use the resulting regional apportionment model to apportion RU returns to LUs for units in the bootstrap sample
4. Use the LU data from step 3 to calculate ratio estimates for SIC07 division by NUTS1 region domains
5. Repeat stages 1 to 4 a large number of times

6. Estimate the standard error of the original estimate as the standard deviation of these new estimates
As a quality check of the bootstrapping method, results were also produced skipping stages 2 and 3, to mimic the GES method, and compared with the GES results. LUs of RUs selected in the bootstrap sample retain their original apportioned values calculated using the full sample in the regional apportionment model.
Bootstrapping also provides a solution to producing standard errors for estimates below the minimum domain.

A potential methodology for producing standard errors of estimates below the minimum domain level was scoped out. The method is outlined below, but was not tested as part of this project.
1. Re-sample with replacement from the original sample of reporting units

2. Use the bootstrap sample of RUs as the input for the regional apportionment model

3. Use the resulting regional apportionment model to apportion RU returns to LUs for units in the bootstrap sample

4. Use the LU data from step 3 to calculate ratio estimates for SIC07 division by NUTS1 region domains

5. Use the small area estimation methodology to apportion the minimum domain estimates to their lower level aggregates
6. Repeat stages 1 to 5 large number of times

7. Estimate the standard error of the original estimate as the standard deviation of these new estimates

5. Results
5.1 GES

GES standard errors of estimates of Total Turnover, Total Purchases and Approximate Gross Value Added (GVA) at SIC07 division by NUTS1 region level took 10 hours to produce on a standard desktop computer. The length of time can be attributed to the large size of the 2010 local unit data set.

Figures 4 to 6 plot the coefficients of variation (CVs, absolute for GVA
) for the estimates of turnover, purchases and GVA by SIC07 division and NUTS1 region for divisions above the minimum domain. The pink points indicate CVs above 20%, a commonly used threshold for acceptable CVs. We remind readers that since not all CVs are plotted for disclosure reasons, there may be some general findings referred to in the text which are not apparent from the graphs; for further details see the note in the Executive Summary.
For each variable there are 780 standard errors of turnover, purchases and GVA and the number of these standard errors exceeding the 20% threshold are 71, 134 and 125 respectively. The North East, the East of England, Wales and Northern Ireland have more standard errors above 20% than the other regions for each of the variables of interest. 
In division 31 (manufacture of furniture), 6 of the 12 UK regions have estimates of turnover and GVA with CVs above 20% and there are seven such regions for purchases. For purchases, divisions 78 (employment activities) and 80 (security and investigation activities) the regional CVs are over 20% in 9 and 10 regions respectively. Divisions 90 (creative, arts and entertainment activities) and 94 (activities of membership organisations) have 9 regions with CVs of GVA over 20% and division 91 (libraries, archives, museums and other cultural activities) has 11 regions with CVs over 20%. 
Figures 4 and 5 show large CVs for the Northern Ireland estimates for turnover and purchases in division 70 (activities of head offices; management consultancy activities). A number of these LUs are associated with RUs in other divisions including divisions 46 (wholesale trade, except of motor vehicles and motorcycles) and 47 (retail trade of motor vehicles and motorcycles). When these RUs were originally selected, they were in strata with other wholesalers or retailers in Northern Ireland who do not have any LUs in division 70. This means that within the original design strata there are a large number of RUs with no activity in division 70 in Northern Ireland and a small number which do. The variance calculation accounts for the original sample design meaning that these businesses with no activity in the domain of interest can have a large impact on the variance even though their contribution to the estimate is zero.
Figure 6 shows that the estimates of GVA in divisions 90 (creative, arts and entertainment activities), 91 (libraries, archives, museums and other cultural activities) and 94 (activities of membership organisations) consistently have large CVs across most regions. This is because GVA can take positive and negative values. In these divisions the estimates of GVA are very small, meaning that the CVs are very large. This highlights why the CVs for GVA need to be treated carefully.
CVs of variables which can be both positive and negative difficult to interpret; therefore it may be preferable to publish standard errors rather than CVs for GVA estimates.


[image: image4.emf]
Figure 4: Plot of coefficients of variation of estimates of turnover by SIC07 division and NUTS1 and higher levels of aggregation. Pink points indicate coefficients of variation above 20%. Some divisions have been excluded for disclosure reasons.
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Figure 5: Plot of coefficients of variation of estimates of purchases by SIC07 division and NUTS1 and higher levels of aggregation. Pink points indicate coefficients of variation above 20%. Some divisions have been excluded for disclosure reasons.

[image: image6.emf]
Figure 6: Plot of absolute coefficients of variation of estimates of GVA by SIC07 division and NUTS1 and higher levels of aggregation. Pink points indicate coefficients of variation above 20%. Some divisions have been excluded for disclosure reasons.

5.2 Bootstrapping

Bootstrapping took 6 hours and 45 minutes to calculate standard errors of total turnover and 4 hours and 34 minutes for total purchases for 300 replications.

The standard errors for GVA took considerably longer - 16 hours for 100 replications. As GVA is a derived variable the apportionment model is slightly more complicated. The regional apportionment model is fitted for each of its component variables, then these apportioned values are used to calculate LU GVA. 

Figures 7 to 9 plot the bootstrapped standard errors with and without refitting the regional apportionment model.
Bootstrapping where the model is re-fitted produces similar results to bootstrapping without re-fitting the model in a large number of divisions. The relative percentage differences between the bootstrap estimates with and without re-fitting the apportionment model are summarised in table 1. The table shows, for example, that 81% of the standard errors of estimates of turnover at division by NUTS1 region calculated with re-fitting the regional apportionment model were within ±10% of the standard error calculated without re-fitting the regional apportionment model.
	 
	Percentage of standard errors

	Relative Percentage Difference
	Turnover
	Purchases
	GVA

	<0%
	3%
	3%
	3%

	<1%
	31%
	35%
	15%

	<5%
	73%
	71%
	51%

	<10%
	81%
	81%
	64%

	<20%
	87%
	86%
	74%

	<50%
	92%
	91%
	83%

	<100%
	94%
	94%
	89%

	100%+
	6%
	6%
	11%


Table 1: Summary of relative percentage differences between standard errors for estimates of turnover, purchases and GVA at division by NUTS1 region level, when calculating using bootstrapping with and without re-fitting the regional apportionment model.
From figures 7 to 9 it can be seen that divisions where there are large differences between the two standard errors are fairly consistent for both turnover and purchases. The differences are particularly noticeable in, for example divisions 8 (other mining and quarrying), 35 (electricity, gas, steam and air conditioning supply), 47 (retail trade, except motor vehicles and motorcycles) and 92 (gambling and betting activities). For GVA, the same divisions show large differences and a handful of other divisions (for example divisions 24 and 46) see even larger differences between the two sets of standard errors. This is not unexpected as GVA requires models to be fitted for all its component variables and each model can add to the variance. The GVA standard errors were checked for their convergence (stability) and even after 100 replications there were no noticeable instances where the series had not converged meaning that there is no reason to believe that using more replications would change any conclusions.
The divisions where the apportionment model increases variability appear to be those where a large proportion of the estimate is affected by the regional apportionment model. Clearly where an RU has all of its LUs in one division and region, its contribution to the division by region estimate will not be affected by the regional apportionment model.
It is worth noting that while a business may have all of its LUs in one region and division, these LUs may be spread out within that region and may specialise in different activities within that division. While most standard errors are quite similar for estimates at the division by NUTS1 level with and without re-fitting the regional apportionment model, this result may not hold for lower level estimates. 

[image: image7.emf]
Figure 7: Plots of bootstrapped estimates of the standard errors of estimates of turnover at division by NUTS1 level with and without re-fitting the regional apportionment model. Some divisions have been excluded for disclosure reasons.

[image: image8.emf]
Figure 8: Plots of bootstrapped estimates of the standard errors of estimates of purchases at division by NUTS1 level with and without re-fitting the regional apportionment model. Some divisions have been excluded for disclosure reasons.

[image: image9.emf]
Figure 9: Plots of bootstrapped estimates of the standard errors of estimates of GVA at division by NUTS1 level with and without re-fitting the regional apportionment model. Some divisions have been excluded for disclosure reasons.

5.3 Comparison of GES and bootstrapping

The standard errors produced by GES and bootstrapping (without re-fitting the model) are both trying to estimate variability assuming a fixed apportionment model. For this reason they should be comparable. The performance of the bootstrapping method can be assessed against a benchmark of the GES standard errors.
This comparison was carried out for turnover and purchases only because of difficulties replicating the apportioned values of GVA.
Figures 10 and 11 show that in most cases the standard errors for the same estimates produced under the two different methods are very similar. Two factors which explain some of the differences are: the slightly different treatment of outliers in the computation of the standard errors; and a limitation of the bootstrap method when there is a sample size of one in an original design stratum.

[image: image10.emf]
Figure 10: Plot of bootstrap standard errors against GES standard errors for estimates of turnover. Some divisions have been excluded for disclosure reasons.

[image: image11.emf]
Figure 11: Plot of bootstrap standard errors against GES standard errors for estimates of purchases. Some divisions have been excluded for disclosure reasons.

6. Conclusions and recommendations
Based on these findings in this report, standard errors for estimates of turnover, purchases and GVA should be computed using GES. These should be accompanied by a caveat explaining that they capture sampling variance but not additional variance from the apportionment model. The caveat should explain that additional variance from the apportionment model has been investigated and was found to be small in most cases for turnover and purchases and had slightly more of an impact for GVA.
� ONS, 2012 Annual Business Survey (ABS) Technical Report, available at �HYPERLINK "http://www.ons.gov.uk/ons/guide-method/method-quality/specific/business-and-energy/annual-business-survey/quality-and-methods/abs-technical-report.pdf"�http://www.ons.gov.uk/ons/guide-method/method-quality/specific/business-and-energy/annual-business-survey/quality-and-methods/abs-technical-report.pdf� accessed on 14/8/13


� Minimum domain – pre-defined levels of aggregation for which estimates at the minimum domain (or higher) are produced using standard ratio estimation, estimates at lower levels must be produced using small area estimation. For ABS the minimum domains are typically SIC07 division by NUTS1 region. For some divisions the minimum domain uses a less detailed geography (eg Great Britain and Northern Ireland) and for others a more detailed geography (NUTS2 or NUTS3).


� Girard, C., 2009 The Rao-Wu rescaling bootstrap: from theory to practice, Federal Committee on Statistical Methodology Research Conference





� A coefficient of variation of an estimate is its standard error divided by the estimate. Absolute coefficients of variation have been provided for GVA as estimates of GVA can be negative.
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Coefficients of variation of estimates of purchases at division by NUTS1 region
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Absolute coefficient of variation (%)

Absolute coefficients of variation of estimates of GVA at division by NUTS1 region
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