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0 Executive Summary  
 

This report summarises an investigation into the statistical methods used to estimate trade 
breakdowns for businesses below the Intrastat collection threshold. The investigation was 
prompted by an upcoming change to the threshold value. The current methodology was 
compared to a range of alternative methods; the robustness of these methods to the changed 
threshold was measured at a country, HS2 Chapter and country by HS2 Chapter level. Methods 
for addressing future changes to the threshold were also investigated.  

The main findings indicate that the current method can be improved upon by fine tuning, but an 
alternate method – probably requiring more investment in systems – would be the optimal 
choice. 

The resulting recommendations to estimate trade breakdowns for the traders which will fall 
below the new threshold (that is, 93% coverage) are given in the table below. 

 

   

Country or HS2 Chapter 
level

Country by HS2 Chapter 
level

Retention of Current 
Methodology

Adopting Optimum 
Methodology

Priority

JATT = 1/7 of Below 
Threshold Trade

JATT = 11/14 of Below 
Threshold Trade

JATT = 6/35 of Below 
Threshold Trade

JATT = 3/10 of Below 
Threshold Trade
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1 Introduction 

1.1 Background 
The HMRC Intrastat survey collects information on trade between the Member States of the EU. 
These data are used by ONS in the Overseas Trade Statistics (OTS) publication which is a 
significant component of the Balance of Payments & National Accounts, and are also used by 
many Government organisations (for example, Eurostat, BIS, DEFRA, Welsh Government) as 
well as large numbers of individual businesses. 
 
The survey avoids becoming a census by only collecting data from businesses whose total 
trade exceeds a given threshold. Businesses above this threshold are all required to complete 
the survey, whilst businesses below the threshold are not sampled. Estimates at a country and 
(Harmonised System) HS2 Chapter (product) level are required by Eurostat for all businesses, 
including those below the threshold. As only the total value of ‘arrivals’ (imports) and 
‘dispatches’ (exports) is known for businesses below the thresholds – all traders are VAT 
registered on the HMRC administrative system – the way in which these values are allocated to 
country/HS2 Chapter breakdowns for those below the threshold is a major issue. HMRC 
currently estimate total UK arrivals and total dispatches by assuming that businesses just above 
the threshold have similar country/HS2 Chapter breakdowns to those below.  
 
The threshold is set according to VAT records held by HMRC (specifically Box 8: Total EU 
Supplies and Box 9: Total EU Acquisitions). In 2009, the threshold was £270K - set so that 
arrivals and dispatches were collected for the largest (by trade value) businesses which make 
up 97% of total trade. Since 2010 the thresholds have been £600K (~95%) for arrivals and 
£250K (~97%) for dispatches. The current methodology to allocate totals below the threshold 
was developed when both thresholds corresponded to 97.5% coverage.  
 
In the near future the arrivals threshold is likely to change to 93%: the issue investigated in this 
report is whether the allocation methodology will still work when this change happens, or 
whether new methodology is needed. The arrivals threshold is likely to change again in the 
future, so any new methodology needs to be easily adaptable to accommodate future changes 
to the survey threshold.  
 
The long-term future is one of single flows - all countries collecting only dispatches and relying 
on other countries dispatches information to inform arrivals. The UK is likely to retain some 
arrivals survey whatever the EU solution, as the UK trade gap would grow bigger if we relied on 
dispatch information from other countries (anecdotally, arrivals are always bigger than other 
countries dispatches). Additionally, a small arrivals survey would still be worthwhile as the top 
250 businesses provide 50% of total arrivals. However, this issue is not investigated in this 
report. 
 
This report was funded by the Quality Improvement Fund (QIF)1 to use past and current arrivals 
data to assess the current methodology for estimating breakdowns when the threshold changes 
to 93%, and to recommend best practice going forwards. The clients are Andrew Brown, Rafael 
Mastrangelo and Mark Herrigan (HMRC). The project team is: Gary Brown, Matt Greenaway, 
Jonathan Digby-North and Catherine Putz (ONS). 
   

                                                                                 
1 https://gss.civilservice.gov.uk/statistics/methodology‐and‐quality/quality‐improvement‐fund/ 
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1.2 Data 
Two distinct data types were provided by HMRC, under a Data Usage Agreement.  
 

• Administrative VAT records for all businesses held by HMRC, which includes total 
arrivals and dispatches, and SIC (Standard Industrial Classification). There are quality 
issues with the latter data, as the SIC is added when businesses register but may not be 
frequently updated. 
 

• Responses to questions on arrivals and dispatches, by country and HS2 Chapter, to the 
Intrastat survey for 2009 (when the threshold was 97%) and 2010-2011 (when the 
threshold was 95% for arrivals and 97% for dispatches). The latest 2012 data (same 
thresholds as 2010-2011) became stable around September 2013 – these data have 
been used to check the stability of the results. We only use the arrivals data in this work. 

2 Methods 
 

2.1 Current Methodology  
The businesses below the threshold are known as ‘Below Threshold Traders’ (BTT). If the 
businesses in the BTT account for X% of total trade, then the proportional breakdowns of the 
(smallest) businesses just above the threshold which account for the same proportion of total 
trade, defined as ‘Just Above Threshold Traders’ (JATT), are used along with the ‘Total Above 
Threshold Traders’ (TATT) to allocate totals. 
 

• The proportional breakdown of JATT is calculated using the previous year’s data (y) for 
country (i) at a 4-digit (that is, HS4) product level (j) as: 
      

,

,
 

 
• For each month (x) of the current year, the allocation to BTT (hence BTTA) is calculated 

for country (i) at an 8-digit (that is, CN8) product level (k, within j) by multiplying the 
factor calculated at the 4-digit product level by the TATT in that month for a given (i,k) 
combination: 
 

,
,

,
. ,      

 
• These BTTA estimates are then scaled so they sum to the known VAT total of the BTT 

returns in the given month by multiplying the above equation by a scaling factor, given 
by: 
 

,

∑ ,

,
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The scaled estimates are then aggregated to country by HS2 Chapter level estimates. Data at 
CN8 level are considered relatively unstable, and EU minimum requirements are to publish at 
HS2 Chapter by country, but 8,500 UK estimates at CN8 level are still published every month.  
 
 

 
Figure 1: Current method with existing and future thresholds 

 
The underlying assumption of the current method is shown on the left-hand side of Figure 1. 
When using a JATT (red) populated to contain the same amount of total trade as contained in 
the BTT (green), the proportion of the TATT which is included in the JATT (within a given 
country/HS2 Chapter combination) can be used to estimate BTT values. We refer to the 
businesses making up the bottom 1% of total trade as band 1 or ‘B1’, the next 1% as band 2 or 
‘B2’, etc. The BTT at present can therefore be referred to as ‘B1-5’, and the JATT can be 
referred to as B6-10, or alternatively, the total trade in the JATT is 100% of the total trade in the 
BTT.  
 
The obvious extension of the current method is to extend the JATT to cover B8-14, as illustrated 
on the right-hand side of Figure 1, so that the JATT continues to cover the same fraction of total 
trade as the BTT. To test the validity of using this method when the threshold is reduced to 
93%, we need to use the businesses in the 8%-14% bands (B8-14) to estimate BTTAs for those 
in the 1%-7% bands (B1-7). However, since the businesses in B1-5 have not been surveyed in 
recent years; we do not have the ‘true’ breakdowns by country and HS2 Chapter to compare 
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with the estimates. We instead calculate breakdowns for B6-7 and compare them with actual 
Intrastat returns from 2011 and 2012, mirroring the approach taken in the May 2013 HMRC 
report entitled "Modelling Reduced Coverage for Intrastat - 93 per cent Arrivals" (see below) 
using 2010 and 2011 data. This is justifiable by the implicit assumption in the current method 
that the proportions in B1-5 (currently in the BTT) are the same as the proportions in B6-7 
(currently in the JATT).   
 
To calculate which businesses are in the different percentile bands using the data that are 
available (that is, the TATT), we assume that the current target threshold of 95% of total trade 
was exactly reached (in practice this may not be strictly true due to issues such as non-
response, but the final coverage rate is always very close to the target). The traders are first 
ordered by ascending trade value and the cumulative total calculated. All businesses which then 
had a cumulative total value less than 1/95 of total trade were placed in B6, those which had 
cumulative totals between 1/95 and 2/95 of total trade were placed in B7, and so forth. 
 

2.2 Alternative Methods 
The obvious alternative to using B8-14 as the JATT is using a JATT of a different size. A 
number of other modifications & alternatives to the current methodology were considered: 

1) Calculate breakdowns using previous years JATT using factors calculated (a) on a 
monthly/annual basis and (b) at different levels (CN8, HS4 or HS2 Chapter). 
• Advantage: if estimation at HS2 or HS4 level avoids use of unstable CN8 comcodes 
• Disadvantage: published SITC codes can only be aggregated from HS6 and CN8 

estimates  
2) Calculate JATT for specific numbers of businesses, rather than for specific VAT 

percentiles. 
• Advantage: future-proof 
• Disadvantage: doesn't utilise similarity between percentile bands 

3) Estimate breakdowns using JATT within SIC groups.  
• Advantage: theoretically estimates will be more accurate 
• Disadvantage: low quality of SIC information held by HMRC 

4) Estimate BTT by surveying a sample of businesses under the threshold.  
• Advantage: estimates will be unbiased, based on data rather than assumptions 
• Disadvantage: extra costs for HMRC and extra burden on small businesses 

5) Use administrative data – VIES – to estimate BTT. The VIES data set represents a 
European sales list – both country and cost are recorded, but not industry.  
• Advantage: these data are already available and are also available from other 

countries 
• Disadvantage: this is a new data source, of questionable quality, which HMRC have 

only just started exploring, back data for arrivals are very sparse and only exist for 
dispatches for the last five years 

 

2.3 Methods Chosen For Testing 
We tested using the current method with a different sized JATT, and using a different sized 
JATT with different levels/periods (method 1) and with specific numbers of businesses (method 
2). These methods were chosen as these changes to the current methodology should be more 
feasible to implement using the current HMRC IT system. As discussed under ‘current 
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methodology’, the evaluation of methods is complicated by the lack of information for B1-5, so 
we evaluate results by comparison with actual survey returns for the businesses in B6-7. 
 
In summary, we will test: 

• the current method with B8-14 as the JATT (total trade in JATT = total trade in BTT); 
• the current method with different JATT sizes; and 
• methods using different levels/periods and different numbers of businesses to define the 

JATT. 
 

Results will be produced at a country level, HS2 Chapter level, and country by HS2 Chapter 
level – this will allow recommendations to be based on the level of detail which is of most 
interest to HMRC.  

3 Results 
 

3.1 Previous Work 
In the May 2013 report "Modelling Reduced Coverage for Intrastat – 93 per cent Arrivals" 
HMRC retrospectively tested the impact of a change to a 93% arrivals threshold using the 
current methodology on 2010 and 2011 data, using the Intrastat returns of those businesses 
that would be exempt from the survey should the threshold change (that is, B6-7). They found 
annual total value changes of 0.16% in 2010 and 0.26% in 2011, and an impact of less than 1% 
for 50% and 73% of Member States for 2010 and 2011, respectively. In terms of the impact on 
the actual values, 20 Member States were impacted by less than £50m in 2010, with 22 being 
the figure for 2011. The majority of the UK’s smallest trading partners were impacted by less 
than £10m per year. At a HS2 Chapter level, nearly a third of the chapters were impacted by 
less than 1% for 2010. The number of chapters with less than 1% impact almost doubles for 
2011. 
 
These summary statistics are quite encouraging, but it can be seen that the current 
methodology does not do so well for certain Member States and HS2 Chapters. For example, 
even though there is only around a 0.6% impact on the Netherlands in both 2010 and 2011, this 
equates to an underestimate of £140m-£160m. Italy and the Irish Republic are other examples – 
the percentage change for the Irish Republic was around 1.4% (both years), which means the 
model has underestimated the value by £180m-£190m. For Italy in 2010 a 1.6% impact equated 
to a £223m underestimate. 
 
The examples above make up three of the six Member States which account for nearly three 
quarters of total trade. It is therefore important to consider actual changes for the largest 
countries as well as percentage changes. For example, a 10% percentage change for Cyprus 
would have little impact, but a 1% percentage change in Germany may constitute a non-
negligible discontinuity. 
 

3.2 Exploratory graphical analysis    
As exploratory analysis, the changing nature of the breakdowns between bands was first 
investigated to better understand the nature of the data. 
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Heatmaps were constructed – using the 2010 arrivals data – with country along the horizontal 
axis and HS2 Chapter along the vertical axis. There are 26 countries and 98 HS2 Chapters, so 
the maps are large. There are seven different colours on the maps - the darkest (purple) 
rectangles show country/HS2 Chapter combinations which contribute the most to the total trade 
in each band whilst the light blue rectangles show combinations which do not contribute at all to 
the total trade in that band. The countries and HS2 Chapters in B6 are ordered by the proportion 
of total trade that they conduct, averaged across all HS2 Chapters (for countries) and across all 
countries (for HS2 Chapters), with the highest of these being on the right (for countries) and at 
the top (for HS2 Chapters). Subsequent heatmaps retain the order from the B6 map so 
comparisons between them can be more easily made. The maps were created for B6, B7, B8, 
B9, B10, B11, B12, B13 and B14 and are shown in Appendix A, with those for B6 and B14 also 
shown in Figure 2. 
 
From Figure 2 it can be seen that for businesses in B6 the total trade is spread out over many 
country/HS2 Chapter combinations. For a given country there is a range of different products for 
which the trade contributes a significant proportion to the total. When considering B14, which 
contains fewer but larger businesses, there is a noticeable change in the spread of country/HS2 
Chapter combinations which contribute a significant proportion to the total trade value, in that it 
is much narrower and clustered around the top right hand corner. For a given country there are 
a much smaller number of products which contribute significantly to the total trade in B14 than 
there are in B6. This indicates that although the total trade is the same for both bands, it is 
concentrated over fewer country/HS2 Chapter combinations than for B6. 
 
This analysis shows that when we are choosing the bands to allocate country/HS2 Chapter 
breakdowns to B6-7, we should be aware that the distribution of the proportions changes 
significantly the further away from B6-7 we get, meaning bands close to those being estimated 
for will be more representative than those further away. The graphs in Appendix A suggest that 
this phenomenon intensifies around B10, suggesting that JATTs larger than B8-10 may perform 
poorly. 
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Figure 2: Heatmaps showing proportion of total arrivals trade (for a given band) conducted, by 

country and HS2 Chapter, for B6 (top panel) and B14 (bottom panel) bands 
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3.3 Exploratory statistical analysis 
Based on the exploratory graphical analysis it was initially decided to test – using the 2011 
arrivals data – a selection of bands when attempting to replicate the breakdowns of the 
businesses in B6-7. It was thought that as the distribution of the proportions changes 
significantly as the distance from the bands which are being estimated for increases, it was not 
necessary to test any bands beyond B14 (the limit of the current methodology). 

The bands tested were B8, B8-9, B8-10, B9, B9-10, B11-12, B11-14 and B12-14. In addition to 
these bands, we also used a varying proportion of the number of businesses in B6-7 to define 
the JATT. The way in which this was implemented is outlined in Figure 3, for a given proportion 
(X) of B6-7 being tested. 

Figure 3: Flow diagram for defining JATT using number of businesses 

The proportions (of the number of businesses in B6-7 to use in the JATT) tested were 5%, 10%, 
15%, 20%, 25%, 50%, 75% and 100%.  

We therefore utilised two methods for specifying the size of the JATT – ‘bands’, in terms of the 
percentage of total trade included, and ‘proportions’, in terms of the proportion of the number of 
businesses in B6-7 included in the JATT. Both methods are broadly equivalent, and produce 
results which can be converted into proportions of the total trade in B6-7 utilised in the JATT – 
we discuss this in more detail later. 

Each of the above JATT bands/proportions were tested varying both the period from which the 
factor was calculated (that is, using the same month from the previous year or the entire year’s 
data – hereafter ‘Monthly’ or ‘Annual’), and the level at which it was calculated (8-digit [CN8], 4-
digit [HS4] and 2-digit [HS2]). These methods were used to produce estimates for each month 
of 2011 at a country level, HS2 Chapter level and country by HS2 Chapter level. The estimates 
and actual values for B6-7 were added to the actual values from the TATT to give total 
estimates and total actual values at each level. 

The first summary statistic used to quantify how well each of the models performed was the 
absolute percentage difference between the estimated and actual total values for a given month 
at a given level. The median percentage difference over all months and members of that level 
was then calculated, resulting in one value for each band/proportion of B6-7 at each level. The 
results are shown in Appendix B, with the bands/proportions tested along the horizontal axes. 
The different models tested are shown as different colours, with ‘4 Annual’ indicating that the 
factor was calculated at a 4-digit level using annual data from the previous year. 

When estimating BTTAs at a country (or HS2 Chapter) level it is important to consider that the 
percentage differences that the median is calculated from could be very large for countries that 
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conduct small amounts of trade, which could be skewing the overall results. For example, when 
using the B9 band and the 8-digit Monthly model at a country level (2011 data), the median 
percentage difference between the estimated and actual values ranges from around 4.5% for 
Cyprus to 0.1% for Germany, but as Germany accounts for around 500 times more trade than 
Cyprus they should obviously not be treated equally when assessing which model gives the 
best estimates. 
 
The absolute difference between the estimated and actual total values was consequently 
calculated instead of the percentage difference. Monthly differences were calculated for each 
member of each level and summed over all months to give a yearly total difference for each 
member of each level. The median difference over all members of that level was then 
calculated. The results are shown in Appendix C. 
 

3.4 Conclusions from exploratory analyses 
 

• Businesses in percentile bands which are further away from those which are to be 
estimated for are less representative of the businesses in the target bands than those 
which are closer. 
 

• Using percentile bands instead of a given proportion of the number of businesses in B6-
7 to define the JATT significantly limits the options when deciding on the best overall 
combination of JATT size and model. 
 

• Absolute differences were more much more informative than percentage differences 
when using these as a summary measure at a given level. 
 

• An alternative method of evaluating how well a given model performs was needed. 
 
 

It was therefore decided that the methods used to evaluate how well a given model performed 
at each level would be as follows. 
 

a) The total (not median) annual absolute difference between the estimated and actual 
values. 
 

b) The value of the Pearson’s correlation coefficient obtained by comparing annual 
estimated and actual values. 
 

The exploratory analysis specified JATT size in terms of percentage of total trade (as ‘percentile 
bands’) and in terms of numbers (as ‘proportions of the number of businesses in B6-7’). These 
two methods are identical for particular bands and proportions – ‘B8-14’ is the same as a JATT 
of about 78% of the number of businesses in B6-7 for the 2010 data (which is used to calculate 
the allocation factors to apply to the 2011 data). Because of this, and because the percentile 
bands only allow a limited number of options to be tested, we decided that to find the optimum 
JATT and model combination, increasing proportions of the number of businesses in B6-7 
(rather than percentile bands) should be tested at regular intervals for each of the six models. 
Until now, only eight different proportions of B6-7 have been tested (see above) with large gaps 
between consecutive proportions – it was therefore decided that each model should be tested 
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using a grid with spacing equal to 2% of the number of businesses in B6-7. It was felt that this 
method would give a more complete picture (as many more combinations of JATT/model are 
being tested), and, by using the evaluation methods described above, should allow for the 
easier detection of the best JATT size to utilise for a given model. We then convert these results 
into percentile bands and percentages of BTT (that is, B6-7) total trade included in the JATT. 
This method can also accommodate future reductions to the coverage threshold as the above 
steps can be easily applied to different BTT sizes (see §6). 

 

3.5 Main Analysis 
To recap, we are testing the following models. 

• A simple extension of the current methodology – using B8-14 to form a JATT at the 4-
digit level with factors calculated using a full year’s worth of data. 

• Using the same basic ‘4-digit Annual’ model, but a different sized JATT. 
• Calculating the BTTAs at different product levels, using monthly or annual data and 

using different sized JATTs. 

We define the size of the JATT in terms of the proportion of the number of businesses in B6-7 
used in the JATT, which is equivalent to the ‘percentile bands’ approach but has more 
granularity to the testing. The first JATT tested was 2% of the number of businesses in B6-7, 
which was increased in steps of 2% until the factor that was being applied each time was 
constant (the plots only show up to 130%). The total annual absolute difference between the 
estimated and actual total values and the corresponding value of Pearson’s correlation 
coefficient was recorded for each JATT size and model combination at each level. 

Appendices D1 and D2 show the total absolute difference and Pearson’s correlation coefficient 
against JATT size, respectively, for each model at each of the levels of interest (country, country 
by HS2 Chapter and HS2 Chapter), for the 2011 arrivals data. Appendices D3 and D4 show the 
same information as D1 and D2, but for the 2012 arrivals data. Note that the horizontal axis in 
these plots is the percentage of the number of businesses in B6-7 used in the JATT, not the 
percentage of the number of businesses in B1-7 (the full BTT as it will stand after the change). 

In each plot there are three filled black symbols, which are described below. 

• The square shows the current methodology (B8-14 using the 4-digit Annual model). 
 

• The triangle shows the proportion of B6-7 used in the JATT which gave the minimum 
total absolute difference (or the maximum correlation coefficient) between the actual and 
estimated values for the current model (4-digit Annual). 
 

• The circle again represents the best proportion of B6-7 to use in the JATT, but this is 
over all six models and so is the optimum overall method to use in the estimation.  

From this analysis we will calculate the best proportion of B6-7 to use with the current model 
(that is, calculating the factor at a 4-digit level using annual data – the triangle in the plots), and 
our best estimate of the overall optimum method to use (the circle in the plots).  
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3.5.1 Combining results from 2011 and 2012 
In order to make any recommendations, the results from the 2011 and 2012 data needed to be 
combined so as to obtain the best possible estimate of the optimal JATT/model combination. To 
this end, the data were combined and a mean value of the total absolute difference/correlation 
coefficient was calculated for each JATT size, with the data then re-plotted and the optimal 
JATT size recalculated. This method of combining the 2011 and 2012 results was chosen 
because just adopting the mean of the two best JATT sizes for 2011 and 2012 does not result in 
a good estimate of the best JATT size to use for either 2011 or 2012, due to the volatility of the 
data. This is illustrated in Figure 4 where results from the 4-digit annual model for 2011 (blue) 
and 2012 (red) data are shown at a country level. The shapes on each plot are described below.  

• Circles represent the best JATT size for each year. 
 

• Triangles represent the best JATT when calculating mean values for each JATT size 
and re-plotting (the method we utilise in this report). 
 

• Squares represent the simple mean of the two best JATT sizes from each year. 

 

Figure 4: Total absolute difference against JATT size at a country level (using the 4-digit 
Annual model) for 2011/12, showing the two methods for combining the data from both years. 

 

The difference between the red solid and dashed lines is £17m – this is the increase in the total 
absolute difference value for 2011 by using the mean ‘re-plotting’ method. The corresponding 
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difference using the average of the two best JATT sizes is £79m (difference between the solid 
and dotted red lines). For 2012, the figures are £39m and £248m, respectively. This 
demonstrates that first calculating mean total absolute differences and correlation coefficients 
for each JATT size then recalculating the best JATTs to use is the preferred method of 
combining the results from 2011 and 2012. 

 

3.5.2 Results 
Figures 5 and 6 show the mean values of the total absolute difference and correlation 
coefficients against the proportion of the number of businesses in B6-7 used in the JATT, 
separately for each model. We wish to obtain the smallest possible difference and the largest 
possible correlation, so the minimum points on the difference graphs and the maximum points 
on the correlation graphs are highlighted using circles and squares: 

• circles show the best JATT size for each year across all models; and 
• triangles show the best JATT size using the current model (‘4-digit Annual’) 

The findings, together with the results from using the 2011 and 2012 data separately, are 
summarised in Tables 1a and 1b. Table 1c gives the total absolute difference and correlation 
coefficients obtain by using the current methodology – B8-14 JATT size and a 4-digit Annual 
model – for the 2011 and 2012 data, this is not shown on the graphs since the equivalent 
proportion of B6-7 used is different for 2011 (78.5%) and 2012 (88.5%). 

When considering the combined data in Table 1a, it can be seen that when using the current 
model (4-digit Annual) at the country or HS2 Chapter level, the best proportion of the number of 
businesses in B6-7 to use in the JATT is 18-22%, depending on the method of evaluation. 
Taking the mean of these four results gives an average of 21%, which is the value we adopt for 
the optimum proportion of the number of businesses in B6-7 to use in the JATT at a 
Country/HS2 Chapter level.  

At the country by HS2 Chapter level, the best proportion of the number of businesses in B6-7 to 
use is either 60% (using total absolute difference) or 78% (using the correlation coefficients). 
When using the total absolute difference evaluation method, there is very little change when 
using 60% compared to 78% of the number of businesses in B6-7 in the JATT (£8.4m), but over 
the same range the correlation coefficient is still clearly increasing to its maximum value at 78%. 
For this reason we adopt 78% as the optimum proportion to use in the JATT at the country by 
HS2 Chapter level.  
 
Now considering the overall optimum method to use without constraining ourselves to the 
current model (see Table 1b), the optimal JATT size to use at a country level is 24% of the 
number of businesses in B6-7 (using either method of evaluation) combined with the 4-digit 
Monthly model. At a HS2 Chapter level, the correlation coefficient evaluation gave 26% as the 
best proportion to use, again with the 4-digit Monthly model, whilst the total absolute difference 
method gave 44% using the 2-digit Annual model. If we look at the data in more detail though, 
the next best JATT/model combination is actually again 26% using the 4-digit Monthly model, 
which has a difference only £5.8m higher than when using the 44% 2-digit Annual combination. 
We therefore adopt 25%, combined with the 4-digit Monthly model as the optimal JATT 
size/model combination for both the country and HS2 Chapter level. For the country by HS2 
Chapter level both methods of evaluation give 40% as the optimal proportion of B6-7 to use in 
the JATT, again combined with the 4-digit Monthly model. 
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Table 1c shows results from a B8-14 JATT with the current 4-digit Annual model, which would 
be equivalent to a JATT size of 78.5% for the 2011 results and 88.5% for the 2012 results. It 
can be seen that results are notably worse than using alternative methods - this is discussed in 
more detail in the next section.  

In summary, our chosen models are as follows. 

Current model with optimal JATT size 

• At the Country or HS2 Chapter level – 21% of the number of businesses in B6-7 used in 
JATT 

• At the Country by HS2 Chapter level – 78% of the number of businesses in B6-7 used in 
JATT 

Optimal model with optimal JATT size 

• At the Country or HS2 Chapter level – 25% of the number of businesses in B6-7 with the 
4-digit Monthly model 

• At the Country by HS2 Chapter level – 40% of the number of businesses in B6-7 with the 
4-digit Monthly model 

A general pattern is that it is optimal to use a larger JATT for more detailed breakdowns – the 
HS2 Chapter by country level requires a larger JATT than the HS2 Chapter or country levels. 
However, all levels require a smaller JATT than the equivalent of a B8-14 band. 
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Figure 5a: Mean total absolute difference against proportion of B6-7 used in JATT – Country level
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Figure 5b: Mean total absolute difference against proportion of B6-7 used in JATT – Country by HS2 Chapter level
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Figure 5c: Mean total absolute difference against proportion of B6-7 used in JATT – HS2 Chapter level
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Figure 6a: Mean correlation coefficient against proportion of B6-7 used in JATT – Country level
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Figure 6b: Mean correlation coefficient against proportion of B6-7 used in JATT – Country by HS2 Chapter level
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Figure 6c: Mean correlation coefficient against proportion of B6-7 used in JATT – HS2 Chapter level 
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Table 1: Summary of results by method of evaluation, level of detail of interest and year 
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4 Application to 2011/2012 data 
We now turn to applying these methods to the 2011 and 2012 datasets so that model 
comparisons can be made for individual countries and HS2 Chapters. The impact of retaining 
the current methodology instead of either using the optimal JATT size for the current model (4-
digit Annual), or the overall optimal model (4-digit Monthly) combined with the appropriate JATT 
size (for the level of most interest) can also be studied. 

As the number of data points in a table/plot comparing three methods at a Country by HS2 level 
would be 3 x 98 x 26 = 7644, we show the results at only a country and HS2 Chapter level. The 
two methods from the analysis above which are most appropriate for this level of detail are 
used, together with the current methodology. 

• Current Methodology (CM) – B8-14 using the 4-digit Annual model 
• Current Model with Optimal JATT size (CMOJ) – 21% of the number of businesses in 

B6-7 with the 4-digit Annual model 
• Optimum Methodology (OM) – 25% of the number of businesses in B6-7 with the 4-

digit Monthly model 

 

4.1 Country level 
Figures 7a and 7b show the relative difference between the actual and estimated values for the 
above three models, by country, when applied to the 2011 and 2012 datasets, respectively. The 
graphs are ordered by increasing trade value for that year. The corresponding data table on 
which the figures are based is presented in Appendix E1 – this contains the actual value, 
estimate, relative percentage difference and actual/absolute difference, ordered by actual trade 
value for the given year. 

We analyse these graphs separately for ‘high trade’, ‘medium trade’ and ‘low trade’ countries, 
defined using the mean trade value over 2011 and 2012. 

• High trade (>£10bn) – Germany, Netherlands, France, Belgium, Italy, Irish Republic, 
Spain 

• Medium trade (£2.5bn - £10bn) – Sweden, Poland, Denmark, Czech Republic, Hungary, 
Austria 

• Low trade (<£2.5bn) – Finland, Portugal, Slovakia, Romania, Luxembourg, Greece, 
Lithuania, Latvia, Slovenia, Bulgaria, Estonia, Malta, Cyprus 

In the low trade group: 

• using the CM or the CMOJ would result in 10 of the 13 Member States seeing an impact 
of less than 1% for 2011. This rises to 12 Member States if the OM is used; 
 

• for 2012, using the CM or CMOJ has an impact of <1% for eight of the 13, rising to nine 
for the OM; 
 

• in 2011, four Member States would see a value impact of >£3m when using the CM – 
this drops to two Member States when using the OM;   
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• in 2012, around half of the Member States (6/13) are impacted by more than £3m when 
using the CM, which drops slightly to 5/13 when using the OM; 
 

• the largest gain to be made by using an alternative method to the CM in the low trade 
group is for Romania – in 2011 the absolute difference between the estimated and 
actual values for the CM is £16.1m (1.3%). Using the CMOJ it reduces to £11.6m (1.0%) 
but by using the OM it reduces to only £1.2m (0.1%). In 2012 the figures were £14.9m 
(1.2%) for the CM, £1.4m (0.1%) for the CMOJ and £2.5m (0.2%) for the OM;   
 

• another large gain to be made is for Finland, where the absolute differences for 2011 
are £8.7m (CM), £8.5m (CMOJ) and £1.4m (OM). For 2012 the CM performs even 
worse for Finland than in 2011, with a difference of £11.8m – this is reduced to only 
£1.1m when using the OM; and 
 

• for some Member States the CM does a better than the OM – for Greece the OM gave a 
difference of £1.1m in 2011 and £8.0m in 2012. The corresponding figures for the CM 
are £0.1m in 2011 and £2.5m in 2012. 
 

For the medium trade group: 

• using the CM gives the lowest total absolute differences (£70.6m for 2011; £24.9m for 
2012). Using the CMOJ increases these differences by £7m and £24m, respectively, 
whilst adopting the OM over the CM increases the differences by £24m and £30m, 
respectively; and 
 

• for 2011, the OM does better than the CM for the top three members of this group 
(Sweden, Poland and Denmark), but worse for the bottom three (Czech Republic, 
Hungary and Austria). For 2012 the OM again does better for three countries and worse 
for the remaining three. The CMOJ generally does worse than the CM for this group. 

 

The seven Member States which make up the large trade group accounted for 79% of total 
trade in both 2011 and 2012. It is therefore very important that the models perform well for these 
Member States. For this group: 

• the total absolute differences for these seven countries when using the OM are £168.1m 
(2011) and £109.8m (2012). Using the CMOJ increases these figures by around £20m 
and £47m, respectively. If the CM is used the total absolute differences are £335.6m 
(2011) and £189.8m (2012). Therefore, by adopting the OM over the CM, the overall 
difference will be reduced by 50% for 2011 and 42% for 2012. By adopting the CMOJ 
over the CM the difference is reduced by 44% and 17%, respectively; 
 

• for 2011, the CM does particularly badly when compared to the OM for Italy, the Irish 
Republic and Spain – the absolute differences for the CM are £24.3m, £90.2m and 
£50.8m, respectively. By using the OM these are reduced to £1.2m, £38.1m and £0.3m, 
respectively; and 
 

• for 2012, the OM and CM estimates for both Italy and Spain are similar to each other, 
but the impact on the Irish Republic is reduced by around 50% by using the OM over the 
CM. The CMOJ performs better than both the OM and the CM for three members of this 
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group in 2011 (Germany, Netherlands and Belgium) – using the CMOJ over the CM 
again reduces the difference for the Irish Republic by around 50%. For 2012 this figure is 
71% (a reduction of £66.7m) but this model performs the worst for the Netherlands, 
France and Belgium. 

In general, the current model with the optimum JATT size and the optimal methodology are 
consistently better than the current methodology, particularly for the countries with the largest 
trade. The differences between the current model with the optimum JATT and the optimal 
methodology, while clear at the country level, are less consistent, with the optimal methodology 
doing better for some countries in some years and worse in others. 

 

4.2 HS2 Chapter level 
The performance of the above models on the 2011 and 2012 data at a HS2 Chapter level are 
shown in Figures 8a and 8b, respectively. These are again ordered by increasing trade value for 
each year. The corresponding data tables can be found in Appendix E2. 

The total absolute differences between the estimated and actual values when using the CM on 
the 2011 and 2012 data are £777.1m and £670.9m, respectively. Using the CMOJ reduces the 
2011 value by 29% (to £551.2m) but has little impact (<1%) on the 2012 value. Adopting the 
OM reduces the 2011 CM value by 25% (to £583m) and reduces the 2012 value by 19% (to 
£543.4m).  

For the 2011 data, the CM performs the best (in terms of absolute differences) only 28% of the 
time, with the OM and CMOJ doing the best 34% and 38% of the time, respectively. If only the 
chapters which have trade values in excess of £1bn are considered (there are 37 in 2011; see 
Appendix E1), the CMOJ performs better than the other two methods for over half (51%) of 
these products, with the OM doing the best 27% of the time. For the remaining 22% the CM 
performs the best.  

For the 2012 data, the OM performs the best 41% of the time, with the CMOJ and CM values 
being 29% and 30%, respectively. If we again restrict ourselves to those chapters which have 
trade values greater than £1bn (there are 36 in 2012), then it can be seen that the CMOJ and 
OM models do equally well (both do best 39% of the time), with the CM only being better than 
the other two for eight of the 36 chapters. 

We now highlight a few of the chapters (in the 2011 data) for which the alternate models do 
significantly better than the CM, and also where the CM performs significantly better.  

• For chapter 84 using the CM results in a total absolute difference of £40.1m – this is 
reduced to £23.9m by using the OM and falls by 94% (to £2.5m) when using the CMOJ.  
 

• For chapter 39 the CMOJ reduces the CM difference from £42.7m to £17.8m.  
 

• Using the CM results in a difference of £82.1m for chapter 71 – this is reduced to 
£26.4m by using the OM and to just £6.1m by adopting the CMOJ.  
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• Chapter 62 sees the difference fall from £20m (using CM) to £6.4m (CMOJ) and £0.3m 
(OM).  
 

• For chapter 28 the CM does much better than the OM, with the CM resulting in a £4.4m 
difference and the OM in a £26.9m difference. The corresponding CMOJ value is £16m. 

5 Practical application of results 
Until now, the optimal JATT size to use in each model has been described in terms of the 
proportion of the number of businesses in the simulated BTT (that is, B6-7). As the data for 
businesses in B1-5 are not available and there are over one hundred thousand businesses in 
these bands, it is clear that the optimal JATT sizes calculated in §3.5.2 need to be defined in 
terms of percentile bands, as illustrated in figure 1 (page 6), not proportions of the number of 
businesses in B6-7, when making any recommendations. 

To this end, different JATTs were constructed – increasing in size by steps of 0.1 percentiles – 
and the corresponding number of businesses which would be included in these JATTs noted. 
This figure was then expressed as a proportion of the number of businesses in B6-7. The 
results are shown in Figure 9. The red horizontal lines show the optimal proportion of B6-7 to 
use in the JATT – for the two different levels of interest – if the current model is retained (that is, 
4-digit Annual). The blue horizontal lines show the same information but if the optimum 
methodology is to be adopted. The relationship between the proportion of B6-7 used in the 
JATT and the corresponding percentile band range upper limit which would include that number 
of businesses is plotted using the 2010, 2011 and 2012 annual datasets. We note here that the 
JATT sizes for the optimum methodology are in terms of proportions of the number of 
businesses which are in B6-7 when defined using the monthly, not annual, datasets. To check 
that the conversions between the proportions and percentiles using the annual data are still 
valid, we also constructed JATTs for each month and checked that the resulting conversion to 
percentile bands was, on average, the same. 

It is clear that in Figure 9 the results for 2011 and 2012 are relatively consistent, whilst the 
results for 2010 seem to diverge from the others. We therefore use the more recent data to 
make the conversion to percentile band ranges, choosing the JATT size (to the nearest 0.1 
percentile) which is large enough to include the recommended value for each of the two years 
(2011 and 2012). 

If the current method is to be retained then: 

• if the country/HS2 Chapter level is of most interest, a proportion of 21% of B6-7 is 
equivalent to using B8 in the JATT (that is, the businesses which account for the 1% of 
trade just above the threshold); and 
 

• if the country by HS2 Chapter level is of most interest, a proportion of 78% of B6-7 is 
equivalent to using B8-12.5 in the JATT (that is, the businesses which account for the 
5.5% of trade just above the threshold). 
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If the optimum methodology is to be adopted then: 

• if the country/HS2 Chapter level is of most interest, a proportion of 25% of B6-7 is 
equivalent to using B8-8.2 in the JATT (that is, the businesses which account for the 
1.2% of trade just above the threshold); 
 

• if the country by HS2 Chapter level is of most interest, a proportion of 40% of B6-7 is 
equivalent to using B8-9.1 in the JATT (that is, the businesses which account for the 
2.1% of trade just above the threshold). 
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6 Future Reductions to Intrastat Coverage 
 

This section provides some general guidance relating to the issue of possible further reductions 
to the coverage rate of the survey.  

If the size of the BTT is to be increased beyond 7% of total trade, we advise that analyses 
similar to those detailed in this report be undertaken to determine the effects on the quality of 
the estimates. As the BTT gets larger, the businesses in the JATT (of whatever size) will get 
increasingly different from those in the BTT. This is especially true for the many thousands of 
businesses in the lower percentile bands, and could result in poor BTT estimates if additional 
analysis is not undertaken. 

During the analysis it is important that the level of detail which is of most interest (that is, 
country/HS2 Chapter or country by HS2 Chapter) be taken into account when deciding on the 
best JATT size to adopt. This is because the JATT size which produces the best estimates at a 
high level of detail will be very different from that which produces the best estimates at a low 
level of detail. We also recommend that the quality measures used in this report – the total 
absolute difference between estimates/survey returns and the corresponding value of the 
correlation coefficient – are used to quantify how well a given model will perform. A variety of 
different JATTs should be constructed and tested, comparing the quality of the estimates to 
each other and to the quality of the estimates that are produced under whichever threshold is 
being used at the time. 

In addition to the above, it is strongly recommended that the benefits of other methods of 
estimating the breakdowns be assessed. For example, if the BTT increases beyond a certain 
size, it may be that the accuracy of the estimates can only be maintained by sampling some 
fraction of the BTT and using standard estimation methods to obtain allocations.
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7 Summary and Recommendations 
 

7.1 Summary 
This report has compared the current methodology for BTTAs to viable alternate methods for 
when the Intrastat arrivals survey coverage changes from its current value to 93% of total trade. 
The methods tested scenarios listed below. 

• A simple extension of the current methodology – using B8-14 to form a JATT at the 4-
digit level with factors calculated using a full year’s worth of data. 

• Using the same basic ‘4-digit Annual’ model, but a different sized JATT. 
• Calculating the factors used for the BTTAs at different levels of product detail and using 

monthly or annual data, and using different sized JATTs. 

Each permutation of the above was tested at three levels of interest – at the country level, the 
HS2 Chapter level and the country by HS2 Chapter level.  

From the exploratory analyses (§3.2 and §3.3) it was decided that increasing proportions of the 
number of businesses in the simulated BTT (that is, B6-7) would be used to define the JATT. 
Each of these proportions (and for each of the six models) were tested using two evaluation 
methods, namely the total absolute difference between the actual and modelled values at a 
given level of interest, and the Pearson’s correlation coefficient between these values. This 
allowed for the determination of the optimum JATT size to use to obtain either the minimum total 
absolute difference or the maximum value of the correlation coefficient. 

The analysis was carried out on both the 2011 and 2012 arrivals data separately (see 
Appendices D1-4) and the results combined (§3.5.1). From these combined results we 
determined, for each level of interest: 

• the optimal proportion of the simulated BTT (that is, B6-7) to use to define the JATT 
when using the current model (that is, calculating the factor at the HS4 product level and 
using the previous year’s annual data); and 

• the optimum overall methodology to use (that is, optimal overall JATT size/model 
combination). 

The current methodology (that is, using B8-14 to define the JATT combined with the current 
model) together with the above two alternate methods were applied to 2011 and 2012 data, with 
the results compared and contrasted in §4. Section 5 then discussed how these results would 
be applied in practice. 

Section 6 gave some general guidance regarding further future reductions to the coverage rate.  
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7.2 Recommendations 
Based on the finding of this report we can make two recommendations for each level of detail 
(that is, country, HS2 Chapter and country by HS2 Chapter) for when the coverage rate reduces 
to 93% of total trade. The first is the optimal JATT size to use if the current model is to be 
retained (calculating the factor at the HS4 product level using the previous year’s annual 
dataset), with the second being the optimum overall JATT size/model combination to use.  

At a country or HS2 Chapter level of detail we recommend the following. 

• Retaining the current model and using a JATT equal to 1/7 of the Below Threshold 
Trade (B8). 

or 
• Calculating the allocation factor at the HS4 product level but using the data from the 

same month of the previous year and a JATT size equal to 6/35 of the Below Threshold 
Trade (B8-8.2). 

At a country by HS2 Chapter level of detail we recommend the following. 

• Retaining the current model and using a JATT equal to 11/14 of the Below Threshold 
Trade (B8-12.5). 

or 
• Calculating the allocation factor at the HS4 product level using the data from the same 

month of the previous year and a JATT size equal to 3/10 of the Below Threshold Trade 
(B8-9.1). 

We advise HMRC, in consultation with the relevant stakeholders, to first choose which level of 
detail is the most important in terms of accuracy, and then, after considering the relevant IT 
costs and implementation practicalities involved, to decide whether to adopt an alternative 
method or to simply redefine the JATT size whilst retaining the current model. 
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Appendix A: Heatmaps for various percentile bands 
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Appendix B: Median percentage difference 
 

     
 

         
 
Figure B1: Country by HS2 Chapter level      Figure B2: Country level 
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Figure B3: HS2 Chapter level 
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Appendix D1: Total absolute difference against BTT size used in JATT for each model, 2011
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Appendix D2: Pearson’s correlation coefficient against size BTT used in JATT for each model, 2011
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Appendix D3: Total absolute difference against BTT size used in JATT for each model, 2012
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Appendix D4: Pearson’s correlation coefficient against BTT size used in JATT for each model, 2012 
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Appendix E1: Applying Models – Country level data  
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Appendix E2: Applying Models – HS2 Chapter level data  
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