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Introduction

Since the last census a great deal of research effort has been undertaken to match non-census
social, economic and medical statistics into the census small areal units {(Champion et al.
1996, DoE 1996). Similarly, a great deal of time has, and a great many people have, been
employed outside of the Office for National Statistics conducting the research needed to
match the small areas used in one census with another. Details of some of this work are given
in Dorling and Atkins, 1995. For their work the 1971, 1981 and 1991 censuses were linked at
the 1981 ward level so that it became possible to look at small area change over time over
two decades (Dorling and Woodward 1996). One use of this research is to look at the
changing medical geography of Britain. Postcoded mortality data, from any date since 1981
in England and Wales and since 1974 in Scotland, can be linked to these constant set of
10444 small areas (Shaw et al. 1998). Eighteen years worth of mortality data can be analysed
in each of the 1981 frozen wards for which we have reliable estimates of the population at
risk for three points in time: the last three census dates. To look at smaller areas than these
for general estimates of mortality risks is to go beyond the reliability of the population at risk
data. (Dorling and Simpson 1994, Simpson and Dorling 1994). A particular problem that we
currently face is that, although we have access to small area mortality data up to the present;
since 1991 we have no reliable small area estimates of population change, and so may be
unable to update our studies reliably until after that next census is published and assuming
the next census succeeds. However, this paper begins by considering an example of the
research which can be conducted given the wealth of data that is available, before moving on
to discuss the problems of contemporary small area population estimates. The paper
concludes with two examples of where the last census managed to count "hard to enumerate”
populations well enough for their basic mortality statistics to be estimated with some
confidence.

An example of small area mortality mapping

Most small area health research is concerned with rare diseases and conditions for which
uncertainty in our recording of the disease outweighs our uncertainty in estimating the
population at risk. One example is the distribution of childhood leukaemia in Britain which
the author studied as part of his PhD thesis (Dorling 1991). Small area distributions of the
population are often drawn on equal area map projections. Figure 1 gives an example of what
such a distribution might look like. The figure actually shows the distribution of the
population at the time of the 1991 census by enumeration district, but any mapping of the
population will produce a similar picture. Such a map is not very useful for studying medical
geography (Dorling 1998). Figure 2 gives a simple example of how an equal area map of
British counties (simplified as circles) can be transformed into an equal population map
through a series of iterative procedures (Dorling, 1996). The figures beneath each map,
known as an equal area cartogram, show how many iterations are required to produce each
approximation of an equal population cartogram - a map of Britain with a uniform population

density.

The value of equal population cartograms is that they can be produced for very small areas.




Figure three shows an equal population cartogram based on the ten thousand 1981 wards of
Britain. Thiessen polygons have been drawn around the ward centroids to produce a roughly
continuous map with a uniform population density (Dorling, 1995). Finally, Figure 4 drapes
over this projection the distribution of all deaths from childhood leukaemia between 1966
and 1983 (data courtesy of the National Cancer Register). The bright areas show the denser
clusters of cases. A simple circular kernel was used to produce this risk surface (Dorling,
1991). What the map shows, despite its appearance of having identified clusters of cases, is
that the risk of mertality from childhood leukaemia was both remarkably small and

even over this period in comparison with other, more common diseases. Those

clusters that were identified tended to be located around hospitals treating children suffering
from this condition.

The point of the above example is to show, when we study the rare and exotic, we are not
greatly concerned with the accuracy of our underlying population data. It is variations and
ambiguities in the reporting of cases that drives the patterns we see. Such complacency
quickly disappears when our focus moves to studying those causes of disease which are both
most common and most varied. For instance, childhood deaths from road traffic accidents
show fourfold variations by social class and are distinetly geographically patterned. Road
traffic accidents are also the most common cause of death amongst children. Their study has
been neglected in comparison with childhood leukaemia as academics tend to focus on the
most prestigious areas of research. Once we are concerned with the common causes of death,
then the quality of our underlying population data matters. In some parts of the country
between 10% and 20% of children are thought to have been missed from the 1991 census.
Babies are often omitted from census forms. For young male aduits (the group experiencing
an actual decline in their life chances in many parts of the country) our small area population
estimates are worst.

The spatial accuracy of the 1991 census

Issues of accuracy surrounding the 1991 census are more important now than they were in
1991. It is only now that we are suffering from the full degree of uncertainty resulting from
the underenumeration in the post enumeration survey of that census. The last census found,
or imputed, 98% of the people. The problems for medical geography come where the
enumerators didn't find people. That is where the data quality 1s poor, and that too, 1t
transpired later is where people are most likely to die prematurely (Dorling 1995). So if you
are interested in, say, spatial inequalities in health, then uncertainty in small area population
estimates matters greatly. A good example is Hulme Ward in Manchester. Parts of Hulme
had an underenumeration rate reaching 50%. Hulme also had one of the highest mortality
rates in Manchester, even after allowing for underenumeration. Hulme ward is also a
pertinent example for post 1991 studies as large numbers of residential buildings in it have
been demolished since then. How do we estimate current mortality rates in Hulme? You can't
ignore the area, it's one of the places where people are most likely to die early in Manchester
and central Manchester is one of the places people are most likely to die early in England, but
it's also the area where you have one of the lowest probabilities of actually knowing the
correct age and sex distribution of who lives there. What we are basically trying to do is to
work out who is at risk of death. We find that where we think people are at most risk is where
it is most difficult to assess the numbers of the living.

The spatial accuracy of the electoral register

You may think that we can use the electoral register to update our 1991 based population



estimates. However, change in electors is not a good basis for estimating population change.
This is largely due to the rapid rise in people appearing on the electoral role prior to the May
1997 election (Pattie et al. 1996). The Labour party and Labour Local Authorities had a very
well run campaign to raise the proportion of adults on the electoral role. This worked best in
areas where the proportion was already low and these areas tended to be losing people over
time due to net out migration. Hence electoral register change may easily, in the mid 1990s,
be the opposite of actual population change in some small areas. There are also very high
correlations between mortality rates, voting, abstaining and not registering to vote (Davey
Smith and Dorling 1996), as Table 1, below, shows.

In Table I the country has been divided up into ten group of areas. Each group contains 10%
of the 1997 electorate of Britain. The first group is made up of those constituencies with the
highest standardized mortality ratios (SMRs) for people aged under 65. The overall SMR for
this tenth of the population of Britain is 137. The English and Welsh national rates are used
for the standardization. The second group is made up of those constituencies containing 10%
of the electorate with the next highest premature mortality rates, and so on. Thus we have
sorted the people of Britain spatially by their relative mortality rates. This kind of research is
only

possible because:

1. the mortality statistics can be linked to 1981 wards through the use of postcodes.

2. 1991 Enumeration District and Output Area census data can be linked to 1981 wards
through lookup files.

The 1991 Estimating With Confidence missing million estimates (Simpson et al. 1997)
can also be linked.

4, 1981 wards can be linked to 1997 constituencies, with only a little approximation.

5. 1992 election results and electorates have been estimated for 1997 constituencies.

L2

For more further details see Pattie er al. 1996, 1997.

TABLE 1. Electoral Statistics by groups of constituencies with similar mortality levels.

1981-92 Proportion in 1997 Change 1992 (o 1997
Decile Excess Electorate Not Labour Labour  Tory Party The
Group Deaths  Absentions Registered Seats Party Electorate
1 37% 36% 4% 96% 1% -7% -2%
2 21% 33% 3% 96% 3% -9% 2%
3 14% 31% % 94% % -11% -2%
4 7% 30% 2% 97% 4% -10% -1%
5 1% 28% 1% 84% Yo -11% 0%
6 -4% 27% 1% 63% 7% -12% 1%
7 -9% 26% %o 49% 6% -12% 1%
8 -13% 25% 0% 35% 6% -13% 2%
9 -18% 25% 0% 13% 6% -13% 3%
10 -23% 24% 0% 10% 6% -13% 2%
Britain 2% 28% 1% 65% 4% -11% 0%

Table 1 shows how closely correlated the geographies of mortality and voting are, and hence
why we should not rely on electoral statistics to estimate populations at risk in mortality
studies. In the areas of highest mortality the highest proportion of the electorate abstained at
the last general election (36%) and 4% of all eligible adults were not on the electoral roll.



Incidentally the Labour party won 96% of the seats in these areas despite only gaining an
additional 1% of the electorate's support between 1992 and 1997. The figures for all decile
groups are included for the interested reader who can also see how the election was lost by
the Conservatives through the distribution of their negative swings. The final column in the
table shows the change in the electorate over the last five years, which represent a
combination of the effects of death, new attainers (at age 18), net migration and, most
importantly, change in the propensity to register. Although the overall population changes are
in the directions we would expect, they are much smaller than those that are measured
between censuses. This is likely to be due to the changes in registration practice discussed
above. We have no way of knowing how unreliable the electorate was as a measure of the
population in 1997. We can only be certain that it was unreliable and that the change in
electorate between 1992 and 1997 was an even more unreliable indicator of population
change.

The spatial accuracﬁ? of birth statistics

Another suggestion has been to use annual birth statistics by wards to update population
estimates. However, place of birth date is also a poor proxy for population change in local
areas, because mothers are very likely to migrate at the time of birth. Basically, if the census
does not provide a proper count of the population there is no adequate alternative. The last
census was largely ignored for the purposes of making mid year estimates. ONS simply
extended the 1981 based series at the district level. As a result we have very little 1dea about
population change in small areas since 1991, as we cannot be certain about population
change immediately preceding 1991 for small areas.

The spatial accuracy of death statistics

Even though the death data which are available from ONS include almost every death in the
country (only 20 to 30 deaths per year are of unidentified individuals), their postcodes are not
necessarily correct. Obviously the dead do not write their postcodes on the death certificate.
A bereaved member of their family usually provides a postcode to be put on the form when
registering the death. These are not checked to ensure that this is the postcode of their usual
address. By looking at the 6% discrepancy between the allocation of people to wards using
the postcode on their census form and the ward the post office thinks that postcode is in, we
can make an estimate of the degree of error in assigning deaths to wards at the local level. Of
course, many of these errors will have a smaller net effect. But where the post office has
recently reassigned postcodes the error rate can be very large between an individual's idea of
their postcode (or their doctor's and relatives’) and the post office's view. Many people don't
remember 7 digits and letters exactly, never mind remember the postcodes of their relatives
correctly. This matters for the National Health Service as it shows through in the internal
market which is based on postcodes. If a certain proportion of those are wrong and you know
that proportion you can work out how much money is travelling through the NHS in the
wrong direction. In summary none of the dead knows their postcode, nor do all of the living.

The spatial accuracy of the 2001 census

There is no reason to believe that, in aggregate, the 2001 census is going to be more accurate
than was the 1991 census. There is no indication, yet, of a large increase in funding for the
census and there is no indication of a change in social attitudes towards people wishing to fill
in forms more accurately. The general election held in 1997 had the lowest turnout since



1923. Apathy is increasing. ONS needs a plan for what happens when the 2001 census, to an
extent, misses 3% to 4%, rather than the 2% in 1991. Now, there is a plan for this
eventuality, the "One Number Census". The great danger is that government statisticians
hope that 2001 enumeration is going to be better than 1991 and do not take on board ideas
being presented to produce an accurate one number census. If they do not do this and the
next census and its post enumeration survey are no better than in 1991, then the prospects for
good future work are very poor. Due to underenumeration in 1991, most researchers are still
using, 1981 based statistics in 1997. Our ward level statistics produced by the Estimating
with Confidence project are designed to fit in with national population estimates which are
rolled forwards from 1981. If the 2001 census doesn't work, by which I mean it again misses
a million or so people, then by 2011/ 2012 we will be using rolled forward statistics, with
some corrections, from numbers collected 30 years earlier. It's quite easy to show how much
this matters for particular areas. These areas often suffer from the highest local levels of
mortality. I cannot have any confidence in population estimates rolled forwards for three
decades.

Some counts in the 1991 census are better than were first thought

Bristol University is currently working on a health variations project for the ESRC, trying to
explain why a person's chance of dying before age 65 has become more unequal in Britain
according to where that person lives. To do this work what we really need is the age and sex
distribution of people living at each postcode - in an ideal world. We need to know change
over time in the age and sex distribution of people living at every postcode year by year. If
we are to be given the age and sex distribution of the population living at every postcode in
2001 that would be very useful. Mortality data are available by postcode. Some postcodes
contain a great many people and high proportion of deaths: for instance the deaths at
homeless hostels are often represented by deaths at a single postcode in the mortality files. If
we are permitted to know intimate details of the dead by postcode (their cause of death, exact
age, etc) why can we not know the sex and approximate age group of the living? Because the
last census provided a count of the age and sex distribution of people living in hostels in each
ward in Britain it is possible to produce estimates of the population at risk for single hostels
where there is only one hostel in a ward. I doubt the designers of the census ever saw this as a
possibility. Similarly, the much criticised count of people living on the streets has turned out
to appear to be more reliable than most of the homeless charities counts, at least for London.
There an estimate of the mortality rates of homeless men can be made by combining census
data and information on the deaths of people with no fixed abode. Both of the pieces of
research just described were only made possible because of new 1991 census counts.

We should not be concerned about sensitive questions in the 2001 census

The census questions are kept relatively insensitive to attempt to gain a high coverage. The
census is good at counting people by age and sex. It is not very good at providing social
indicators. In particular it is very bad for working out levels of deprivation. One example is
deprivation scores, many of which were designed, partly, to predict SMRs (mortality), for
instance Jarman Scores, Carstairs Measures, or even the Breadline Britain Index (and its
census proxy), and to try and predict premature mortality rates from them. Now take the
proportion of people voting Conservative in an area and see which has got the highest
correlation with mortality, measured by the r-squared value. George Davey Smith and I
published the results of this exercise in 1996. Voting predicts mortality better than
deprivation. That is not because deprivation is not what matters, but because using cars in
the 1990s as a measure of deprivation (as is done, for example, in the Carstairs score) is very
crude, as is using occupational classes which amalgamate large numbers of people with



different living standards together. We have an in-built resistance to accepting this because
much of our research work has depended on these indicators. But they do not measure
deprivation well. What we need for a serious deprivation measure in the 2001 census is to
ask about income. I am unhappy to accept any other proxy, or to be told that knowing
someone has got access to a rusty old car in Britain, in the twenty first century, will be a
particularly useful piece of information. Alternatively the census should just be used to
ascertain the age and sex distribution of the population without the pretence that it can also
give useful information about social indicators.

Conclusions

My opinions are all deriving from looking at health differences in wards in local areas and
from having graduated from studying rare conditions to those which cause most suffering in ‘
Britain. It is only when you go down to looking within towns and villages and looking at
what is really happening, with official statistics, that you begin to worry seriously about the
official statistics. However, the statistics are very good at some of the things that they were
never thought to be good for. Two examples which were discussed above are elaborated on
here as a more positive note on which to end the paper.

Firstly the count of homeless people on census night appears to be a more reliable (and often
higher) count than those conducted by many of the homeless charities who originally
criticised the count. Within London the estimates of the homeless population can be used to
make estimates of SMRs for the street homeless of around 2500 (England and Wales = 100).
This is a small population that the census, because of its inclusive nature, attempts to
enumerate and that attempt should continue (Shaw et al. 1998)

Secondly, the count of the institutional population is very useful and can be used to identify
the age and sex structure of people living at individual addresses. For instance, where you
know that there is one homeless hostel in a ward (with is own unique postcode) and the
census gives the age and sex breakdown for the hostel population of the ward, you then know
the population distribution of that hostel. This census information can be combined with
postcoded mortality data to produce estimates of mortality for a hostel. The comparable SMR
to that above is 600 (Brimblecombe at al. 1998). Without the census there was no other
adequate source for these two populations and it would be very difficult to estimate small
area and small population mortality rates with any confidence. The census must continue to
enumerate the populations of institutions and the homeless.
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[Discussion of Dorling]

Elliott
Where do the data on housing wealth come from?

Dortling
There is the Nationwide Building Society data available every year. Tony
Champion in Newcastle looks after them on behalf of Nationwide. You can
estimate the amount of positive equity in every house in their data. As half of
the wealth in Britain is positive equity, you can get an estimate of wealth at
ward level, which is not too bad. The wealth estimate is based on assuming
that owner occupiers own all their positive equity and, that on average
mortgage holders are half way through their mortgage, and that there is no
wealth in the council stock.

Staines
Postcodes don’t map exactly into a lot of other administrative units and so
when you are trying to cascade down into postcodes, you have got to make
decisions about where the population lives across a boundary. I wondered
what your strategy for doing this is.

Dorling
We didn’t do it. For the homeless hostel, for example, you know there are,
say, only four in the ward, so you just use the ward figures for the age structure
of the homeless hostels. My strategy would be to get ONS to do it. In 2001
they are going to have population estimates at the postcode. Just get them to
give up the data for the common use of academics to work out these things,
and get them to ask incomes so we can work out deprivation properly.

Staines
One point worth bearing in mind is how events get allocated to administrative
boundaries. Very often this is done on the basis of postcode lists, so in fact
administrative boundaries and postcodes have a closer relationship to each
other than perhaps they ought to. It is also worth bearing in mind that, from
my experience, that the postcode lists in use in the health service are not only
inaccurate, but that different organisations (such as different NHS Trusts in
the same city) use different postcode lists. They therefore have different
views about what their patches are and where their contracted patients are
coming from.

Dorling
I’ll just say one more thing on that. The ONS death data are extremely good
data but there are problems with using them. One example is charity hospices,
when nobody knows it’s a hospice. In a hospice with only six people in you
can certainly find a very high point location of death, and when you phone up
the council and say ‘Do you know what is happening’, they say ‘Yes, that’s a
hospice, but it’s not an old age hospice it’s a little charity one and they just



Elliott

didn’t fill in the forms correctly.” A lot of hot spots of deaths are those things:
we can’t assume that artifices due to medical facilities are taken out.

This 1s a very important point for us. You cannot just look at your routine
statistics, find things and then just go home. That is only the initial phase of
an enquiry: then a lot of local checking is required. We’ve focused in SAHSU
mainly on the numerator problem, which is the one you’re talking about there.
Of course the point of this meeting is that there could also be big problems
with the denominator as well.



