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Summary

A high quality, comprehensive list of addresses fuaslamental to planning for the 2011
Census in England and Wales. The address list ¢gwdvihe key to accurate delivery,
collection and follow-up of questionnaires, as wadl playing a central role in fieldwork
and estimation. This paper describes the approakknt and summarises the main
challenges and lessons learnt.

Note: This paper describes the situation in Engkamdi Wales. The General Register Office
for Scotland (GROS) and the Northern Ireland Siatisand Research Agency (NISRA)
were responsible for the Census in Scotland andhdor Ireland respectively. Different
circumstances and requirements lead to differeptagehes across the administrations, but
regular contact and a common approach on key elsnietped keep the approaches and
key outputs aligned.

GE.

The role of the address list in the 2011 Census

1. This document was prepared by Alistair Caldeffic® for National Statistics
(ONS).
2. The address register was right at the coree®€i1 Census process in England and

Wales. In a change from previous censuses, in 2UEktionnaires were posted out to
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every residential address. Questionnaires were rdmiivered and collected only for
communal establishments (‘managed residential apumhation’). Questionnaires were
mainly returned by the public posting them back for, the first time in the United
Kingdom, by completing the questionnaire via therinet.

3. Addresses were obviously used to enable postirigof questionnaires, but they
were also critical in tracking their return. Eaakegtionnaire was bar-coded and scanned on
return. Every household, from which a questionnhad not been received, was visited by
an enumerator and encouraged to complete the fohm. address register was used to
target and prioritise this follow-up process andilgo contributed to estimation to take
account of missing returns.

Key requirements

4. The key requirements for the address registee:we

» Completeness : ONS required a complete list of b@pmces (essentially anywhere
were someone might be living) for England and Wales

Minimal under and over coverage;

» Coverage of, and distinction between, both resideitousehold addresses and
‘communal establishments’

5. A household, according to the Census in EngtantiWales, is:
 one person living alone; or

 a group of people living at the same address whoestooking facilities as well as a
living room, sitting room or dining area.

6. Houses in multiple occupation are common andreimsingly, there are ‘hidden’
households, which would involve several familieshmtheir own facilities living within a
single address, without any external indicatiomufitiple occupancy. The address check,
discussed later, was aimed at identifying such esids.

Quality targets

7. The central role of the address register wadesiin our quality targets. ONS
required a register that had less than 1 per aafieéracoverage, that is it should include at
least 99 per cent of all existing residential addes in England and Wales on Census Day
(27 March 2011).

8. At the same time, the register needed to haweldoels of over-coverage (errors,
wrongly coded commercial premises, demolitions; &t target was less than 2.5 per cent
over-coverage.

9. In particular ONS was aiming for less than 1 pent duplication of addresses
(within the over-coverage) - where there were rplétiversions of the same address,
perhaps differently described. This latter targeisvimportant, as duplication in the list
would lead to wasted postage, potentially wastaff kburs through unnecessary follow-up
and, critically, the risk of bothering householdetso have returned a valid form.

10. The Census Coverage Survey (CCS), which aimathéck results and to support
estimation, took place around two months after @emsus but did not use the address
register. The CCS was carried out as an exhaustiseey of households in defined areas
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and without an address list, and so acted as apémtient validation of the quality of the
register.

11. Given its key place underpinning the Censuseldement of the address register
was one of the main areas of research leading theta011 Census. Although there were a
number of high quality, and to some extent comgetirational address lists, early research
showed that no single product came close to medtiagspecific needs of the Census.
ONS were forced to construct a new composite addiggister by pulling together the best
parts of the national sources. This section pra/a@esummary of our strategy for carrying
out this work.

Building the residential list

12. The approach to developing the residential éloolsl address register had five
stages.

Matching

13.  The core of the Address Register was formed byatch between the key national
datasets - Royal Mail's Postcode Address File (Paig) the National Land and Property
Gazetteer (NLPG), maintained by Local Governmefite Thatch also incorporated grid
references from Address Layer 2 (AL2) maintainedttey Ordnance Survey (the national

mapping agency).

14.  Automated address matching was carried outetialbof ONS by Lockheed Martin
who sub-contracted the work to Manchester Geomhtinged (MGL). The process was as
follows:

» The address lists were standardised to a consisigditess structure. Address
classifications were also standardised in ordefatilitate differentiation between
classifications.

» AL2 and PAF were merged using unique address ifilensti These two products
were then treated as a single address list inubBequent steps. The intention here
was to maximise the benefit of precisely geo-coded classified addresses from
AL2 with the more up to date information on PAFrfr&Royal Mail.

* The addresses from NLPG and PAF/AL2 were then &iytmatched using a series
of algorithms including exact and fuzzy matches.

» The remaining addresses that could not be textuafijched were then spatially
matched.

15. This process matched about 94.5 per cent ofeadés nationally, although the
match-rate did vary between local authorities -hvethandful of authorities with match
rates between 70 and 80 per cent. Generally, thiehntates were lower in London than
other areas (averaging 90 per cent) probably duegioer numbers of flats which did not
fully match on the source products.

16. These core matched addresses which were cmisisétween the two national
products (and classified as residential) weredljtiassumed to be valid (a decision based
on evidence from the census rehearsal).

17.  Throughout the development of the address texgithis matching process was
carried out 16 times — refining the match and \ality the approach each time. Both our
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processes and the source products themselves westantly improving up until the time
of the Census.

18. Together these matches provided a core of aslelse-close to 95 per cent of the
register- which were consistent between the tw@nat products. These addresses were
assumed to be valid. The next stages focus on taddeesses which do not match, the
anomaly addresses.

B. Anomaly resolution by data suppliers

19. The remaining, unmatched, addresses were redi¢ovresolve anomalies and over
500,000 were then sent to local authorities or Rbal for checking and resolution. Over

90 per cent of local authorities participated iis thxercise as did Royal Mail staff across
England and Wales. This work ultimately led toua@ 40 per cent of these anomaly
addresses being identified as invalid and excldded our list.

C. Field check

20.  In the summer of 2010, ONS conducted a fieleLklof 3.6 million addresses. The
Address Check ran from May to August 2011 coverlisigper cent of the addresses in
England and Wales. ONS targeted those postcodesa@e size around 15 addresses) that
contained the highest numbers of unmatched addressavo or more multi-occupancy
addresses (a particular concern for the Censud)e check employed 240 people and
primarily checked residential addresses.

21.  Address Checkers were provided with pre-prititgd for whole postcodes (not just
the anomaly addresses). The work was split into@Bseparate workloads - each with an
average of around 10 whole postcodes. They wengreghjito check these lists as well as
looking for new household spaces not included. Bpaddress checkers (a further 85 staff
distributed nationally according to the distributiof communal establishments) visited
thousands of the more complex communal establistemercluding all universities,
prisons, hospitals and army camps.

22.  This exercise identified some missing addreasdsidentified nearly half a million
addresses to remove from our list. Quality contnelsures were put in place to assess the
quality of the address checkers’ work. Addressesewemoved from the address lists
provided to address checkers (but not the finalresid register), then the quantity
subsequently found as ‘new addresses’ was measiitegladdresses removed were a 1 per
cent random sample of matched addresses. Addreskers found 77 per cent of these
removed addresses, which showed that although dleédking finds missing addresses, it
does not deliver totally correct lists.

23. The address check was completed to time andrumadget and is considered to
have been highly successful. As well as validating address list in areas with large
numbers of anomalous or complex addresses, thek girevided a real insight into the
quality of the matched data and the other sourtesidence available.

D. Building Evidence

24.  The information from the resolution work and &8l own checking was collated
into an evidence base - pulling together everyttkingwn about each address. The use of
multiple sources for creating the address regikdrto difficult decisions on what to
include and exclude. Business rules were appligdQ@NS took a cautious approach;
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wherever there was doubt, addresses were includimrr than excluded - minimising
under-coverage was the over-riding objective. {@aber discussion below.)

Building the final list

25.  All of the above work was integrated to forre tfinal list. The majority of
addresses (25.1 million) were supplied for printimgo questionnaires in October 2010. A
second list of nearly 300,000 addresses was codhpileJanuary 2011 incorporating
subsequent changes and also addresses likely bwitbeand occupied between then and
Census Day. One of the main criticisms of the 2Q@hsus was its use of an address list
that was three years out of date; this time ONSirakthe list was as current as possible.

Balancing the evidence

26. The principle of building the address registeas conceptually simple. Those
addresses which matched between the two datasetscaesidered to be valid. Those that
did not match were considered valid unless thers eadence to the contrary (although
this has potential to result in unnecessary dugdiop By gradually refining and improving
the match the number of anomalies and the leveupfication were reduced. By building
evidence about and knocking out erroneous anontdyeases ONS improved quality and
reduced over-coverage.

27. Since it was critical that ONS avoided undererage (that is, missing valid
addresses) those addresses which existed onlyeimmoather of the datasets were included
in the list to be sent a questionnaire — exceptreviagere ONS had clear evidence that they
were in error Accordingly a census form was sent to all adéresscluded in the NLPG
and all addresses included in the PAF — exceptevtimre was strong evidence to suggest
that an address did not exist — or was a duplicbtaother.

28.  Although the principle was fairly simple thesmained one key issue - the anomaly
resolutions and evidence available to ONS werenaftentradictory. Inevitably, the Royal
Mail normally believes its own version of an addrés be correct — while LAs favour the
NLPG - while both versions of the address may heatby valid.

29.  Accordingly ONS could not base a decision tolude or exclude a particular
address upon a single piece of evidence. Ratheetdined the full list of addresses
throughout and recorded the evidence providedcit siage against each address.

30. Figure 1 provides a (simplified) example of dwncept of storing evidence against
each possible address. Each code represents tveo¥ian individual party on a given
address.

31.  Over time ONS built up a stream of evidenceindividual ‘DNA’ related to each
address. It was then possible at any time, but maisibly when ONS prepared the final list
— to use a series of business rules to decide varocmaly addresses merit being checked
or sent a form.
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VI.

Figure 1
The concept of an evidence base

Evidence IAILA RM ONS VOA  3rd ?
“--____‘___‘.-L

HLPG PAF FIELD cT? ? ?

9 High Street 1L 1 1R 1L 1L 1
10 High Street 0cC 1 1R ac 1L 1
11 High Street 0s 1F 0 1L 1L 3,
11a High Street 03X 1 0 Q3 0 1)
11b High Street 03X 1 A 1A 1D 1)

Flat 1/11 High Street 1L IES R 1L 1A 1
Flat 2/11 High Street 1L IES R 1L 1A 1

32.  Obviously implementation of this idea was mdiféicult than this principle implies

— and the rules used were exceptionally complesoime places. However the concept of
building evidence for later application to the neeid set provided real flexibility - allowing
ONS to balance different sources of evidence agasnsh other and to calibrate the degree
of certainty we required for specific applicatio@sitically this approach also allowed time
to fully assess the relative quality of individuddta sources and to make decisions on
which forms of evidence were most reliable.

33.  Business rules were built up and refined owee t- first from logic and then based
upon evidence gained in the field. This approach eansidered a significant success.

Keeping the register up to date

34. The address register played a much less signifirole in 2001 than in 2011 so its
quality was much less critical. The list used irD2Qvas clearly deficient in one serious
respect however — it was badly out of date. Awveas taken of the address register as early
as three years before it was used in Census(!)santailed to pick up changes, and
critically new addresses, introduced in the intamg period (although the method of using
hand delivery and field checking of the list in 200nade the problem much less
significant).

35. One of the key issues here is the high degredhange taking place in all of the
source products. New addresses are being constaittgd to the separate lists — at a rate of
around 30/40 thousand new addresses a month. Athdsta similar number of deletions
and of changes to addresses and the issues imgeta lists up to date and in sync are
obvious.

36. A key principle of the new strategy was that tentral register was kept up-to-date
right up until Census Day. Updates were taken @ihlthe NLPG and PAF throughout this
period and these were applied to keep the cemtgadter up to date. Critically this provided

ONS with a mechanism for picking up evidence of remdresses — most notably those
included in the Local Land and Property Gazetté&PG) updates provided monthly by

LAs.
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VII.

VIII.

37. In order to start the printing of the enveloges main cut of the address register had
to be taken more than six months before Census.eidery ONS continued to keep track of
changes during this period and produced a supplemgelist for printing in February 2011.
Likely future changes were included by adding cleaimgthe pipeline (candidate addresses
from builders, not yet built etc). A decision wasde to include in a large number of
addresses where there was only weak evidence sfeege — better to risk some over-
coverage than to miss any new properties.

The final register was onlyays out of date rather tharears.

Building the communal establishment address egister

38. A separate list of communal establishmentscgdgroviding managed residential
accommodation such as care homes, army camps mothg)rwas required as these were
enumerated using different questionnaires and mdstfrom those for households.

39. Different sources were used to develop a fisbommunal establishments. Instead of
national address products, some 50 specialist solists for different types of
establishment were used. However, the same agprioadetermine the contents of the
final list was adopted - assessing evidence foh eadress including that supplied by local
authorities to determine which ones were includédst of the matching was carried out
manually and clerically because of the complexityhese addresses. Again, ONS took a
cautious approach and included addresses where t@s doubt about their existence
and/or whether they had any residents.

40. Producing the list of communal establishmenés wne of the most challenging

parts of the address register project. Duplicatietween the communal and residential lists
proved to a problem in places. Although the endltasas acceptable, in retrospect ONS
should have started earlier and kept the residearithcommunal lists better aligned.

Assessment of quality

41. Measuring against the targets outlined betbieresidential household list:

« is though to have met the target of under-coverageexceeding 1 per cent; ONS
estimate that it achieved 0.8 per cent. Furtheemitrere was no evidence of small
area problems with missing addresses;

« did not meet the target for over-coverage not edicge2.5 per cent; ONS estimate
it was 3.3 per cent. This was considered acceptaiideto some extent the result of
conscious decisions — the under-coverage targetimas/s paramount; and

« far exceeded the target for 99.0 per cent for gt accuracy; ONS estimate it
was 99.7 per cent.

* In terms of communal establishments ONS identifiesimall number of new sites
during the operation (1.9%) that had been misseth fthe original list. Over-
coverage was 27 per cent, due to a combination of:

« caution in construction of the list: for example ®hcluded sites where there was a
chance of usual residents (hotels, caravan patkkebwing that many would have
none; and

* duplication with the household list

42.  The higher than hoped for levels of duplicatimih within the household list and
between households and communal establishmentsadise issues for other parts of the
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Census operation (the field operation, data praegssand contact centre) and
inconvenience to some members of the public. Wais regrettable but was ultimately a
price worth paying for minimising under-coverage.

Key conclusions and lessons learned

43.

In principle the approach of matching address petxitogether, checking anomalies
and applying evidence would seem to have beendtreat one — although there are
obvious areas for improvement the plan worked.

Developing an evidence base and applying rulesdddgh coverage but caution in
the rules did lead to higher than hoped for overecage and duplication. In
retrospect ONS should have applied more resourperfecting the business rules.

Although the over-coverage target was not met,whis a conscious decision at the
time (to include addresses if in doubt). The adsgatof meeting the under-coverage
target far outweighed the minor added cost of @exerage in the field.

ONS could not have delivered such a high qualitdress register without the
support and commitment of address suppliers aral Bnghorities. Partnership with
the data suppliers was absolutely critical andyaskecess story from the project.

The household and communal establishment listsldHoel developed together to
minimise duplication

Although ONS can spot potential improvements tfee future, in retrospect the

address register exceeded its most important tarigathieving high coverage — it was
estimated that included 99.2 per cent of existiogdeholds. On balance this challenging
project which provided the bedrock of the Censudels to have been a considerable
success.




