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Abstract

This studybuilds on and exterslprevious work mapping mortality in Britain, covering time
peiiods between 1921 and 2005. It measwgsesex Standardised Mortality Ratio (SMR) for
290 areas of Britaifor each of 12 time periodsallowing observation of the changing
inequalities and pattes of mortality, as a proxy for health.

A new nap is also dveloped, allowing presentation of the SMR valuestlier290 areas in a
densityequalising cartogram, rediering innercity areas visiblethat would notbe so on a

conventional map.

The mapsreveal striking patterns; especially notable is the increaseenuality in the late
1930s,with the primary cause being an increase in the SMR values of the Londoarzilethe
increase in inequality in the first half of this decade, when the areas standing out on the map are
the towns of Lancashire, and the Glasgoea.

Two measures of inequality; the decile ratio, and the Atkinson index, are used to supplement the
information given by the raw data and the maps. Both measures confirm that inequalities in
health hit a peak in the late 1930s, after localised ungmmant of the late 1920s and early
1930s. The war and the introduction of the NHS servdxtitg inequalities to a low point in the

early 1950s. The most recent time period, 20005, shows the highest level of inequalities in
Britain since before World \af 11.
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A. Introduction

Al. Measuring health inequality by mortality

This study aims toneasure andchap motality for a consistent set of 290 areas between 1921 and
2005, in order to allow an assessment of how health inequalities have varied spatially over that
period The key measure usedagesex Standardised Mortality Ratio (SMR) of an area; this
allows usto asseswhether, given age structure of an area, the number of@egpig over a
period of time ismore or less than we would expect when comparing to the whole of Britain.
SMR is used as a proxy for the health inequalities that exist between ditieeas of Britain.
Whether this is the best measure of health inequalities is oplb&be pver this period of time,

however, it is the only measuné healththat can be obtained.

Inequalities in health in Britain haveeen measured beforaut this sudy aims to build on these,
extending them in several ways. Firstly, many of the studies have not included the whole of
Britain. Availability of data has also meant that it has been difficult to cover this length of time.
A further difference(and anothemajor part of the projects in the metod of presentation of

the data, using a newljeveloped cartogram, as well as conventional maps.
A2. Why measure health inequalities?

On average, we (in Britain) are now likely to live longer than ever before. M/hat so clear is
whether this improvement has been the same for everybody, and if not, whatd¢nement can
do to ensure thahequalities are reduced, rather than allowed to widen furthequalities in
health are likely to be symptoms of otheegualities; in income, healthcare, and education, for

example.

The 23" Century was notable farvhat could be seen as some big social experiments affecting
Britain; they might not have been designed as such, or in some cases designed at all, but two
world wars, an influenza epidemand the introduction of the NHS might be expected to have

left distinctive signatures on measures of mortality inequalities over time. The wars especially
were great 0l evell ersdé of a c c e sasgrapghoof heaitm e y
inequality over a long period, with these events marked on, might be expected to help understand
the impacthese social experiments have had



A3. Study areas

Change over time can only be reliably measured if we keep the units of ereasts constant.

One of the studies on which this builds, that of Dorling (1997), usesch aéministrativeareas

in existence in 1951. These areas remained more or less the same between 1921 and 1973 for
most of Britain. Changes to administrative boamels in 1974 produced a discontinuity in the
reporting of data for administrative areas, but this can be overcome by using a smaller geography

to re-calculate more recent data for the older set of areas.

This study will use essentially the same set ohsras the Dorling study. They are 290 areas;
enough units to see clear patterns when mapped, but containing enough people that the measure

of mortality usedshould be reliable

A4. Mapping/Cartograms

As well as the usual tables and charts, maps are Udsefassessing the changing patterAs
conventional map to present the data was not available, but could be built from historical digital
boundaries that are availalitem the Great Britain Historic GIS ProjgEregory et al., 2002).

From the digital boundaries it was possible to create a denstyualising cartogram, allowing
small urban areas to be rendered more visible on a map, giving a more even presentation of data
from both urban and rural areas than a conventional map will allbe/creation oboth types

of maps (conventional and cartogram) requires work with data within and outside GIS software.



B. Literature review

B1. The Geography ofMortality in Britain

Calculating and mppinglevelsmortality for areas oBritain is not a new idea. The steknown
example dates bkdo 1963; Mely n  H o Mational Atfas of Disease Mortality in the WbK
(Howe, 1963) This atlas and many subsequent examples, show clear spatial patterns, with rates
varying across the country, and between urban and ruras.a@ver time, we have generally
become healthier and more likely tangue into old age. However, amprovement in absolute

mortality rates is not necessarily accompanied by an improvement in relative mortality rates.

Il n 1980, the ackhfR proott @r i(oBusacfiBlet al ., 1980)
growing concern that the improvements in health, and in inequalities in health, that should have
been expected after 25 years of the NHS were not in fact materialising. Richard Wilkinson
expressed theseoncerns in a letter ilNew Societyaddressed to the thesecretaryof State,

David Ennals. The letter is credited with prompting David Ennals to take action in appointing Sir
Douglas Blacka chair a committee charged with prathg a report on health éqgualities. The

committee was formed in 1977, but it was 1980 before the report was published.
The introduction to the report outlines the aim of the committee:

The Working Group has sought to assemble the national and international evidence and
to draw sme of the implications for policy within the health services and outside them.
The problem of inequalities in health, it believes, lies at the heart of the problem of better
integrating British society. The latest evidence shows a markedly higher propartite

poorer than the richer soegconomic groups among both males and females reporting

chronic ill-health (from http://www.sochealth.co.uk/history/blackintro.htm)

The report includetables showingegional variation in mortality, and a claim thag thpparent
north/south divide was a reversal of the state of Britain in the nineteenth century, and that this

change might be attributed to social factors.

More recent literature has looked at mortality inequalities over a longer period. For example,
Shawet al. (1998) and the work that this study is building on (Dorlin$997) analysed data

from 1951 through to the early 1990Ehey fourd that inequalities were widerg in the later
periods, compared to the relative equality of the 1950s.



Langford and Betihham (1996) attempted to explain the apparent N@fést/ SouthEast divide

in mortality rates using a mulkevel modelling technique. After controlling for deprivation and
area type, they still conclude that there is a marked divitleeirountry whemeasuring SMRs
around 1990.

Boyle (2004) reviews the literature on the effect of migration on continued inequalities in
mortality, citing healtbselective geographical mobility as a factor in the persistent pakiern.

points out that there is a dangertlois type of study ignoring the effects of selective migration.

His review of the |iterature is concluded wit
ignoring population mobility in crossectional, ecological studies of mortality and morbidity

may result in misleading findings. o

B2. Methods of measuringinequality in health

Over the perioaf thestudy, from 1921 to 2005, the only data that can be used in measuring the
relative health of areas is mortality; deaths have been recorded in Re@istraral reports
throughout this period. However, to simply compare raw death rates would not paist a
picture of relative health; some areas have a higher proportiotd gfeople than others, and
therefore you would expect more deaths in a givenogerio allow for age structure, a
commonly used measure is tB&andardized Mortality Ratio (SMRyhich compares mortality

in an area to that in a reference population (in this case the reference would be. Bhiairg
termed anindirect method of stadardisation, and is often preferred because the data
requirements are simpler, and the method better handles small numbers of deaths than its main
alternative, direct standardisatiddowever,Juliouset al.(2001) argue against the use of SMR,
preferringthe use of direcstandardisation and the calculation of the Comparative Mortality
Figure (CMF). They argue that it is not legitimate to compare SMRs of two places, unless they

have the same underlying population structure.

The Juliouset al.study appearto actually show that in most instances, SM& @MF measures
are comparable; they would only differ significantly if the population structures of the areas were
very different from each otheGiven that this study is extending previous work that usdg,S

it makes sense to do the same in this study.

llsley and Le Grand (1993) suggested that we should replace the use of SMR with age specific
death rated. hope to be able to partially take their adyinet dismissing the value of the SMR,



but if thereis enough time, calculatingge specific death rates in addition to SMRkey
claimed that the Nortsouth divide had disappeared in younger groups, but persisted at older
ages, although this was at a course regional level. Ecob et al. (1997) howeved shat the
inequalities in the younger groups haeereerged in the period from 1981 to 1991.

Once SMRs have been calculated for each area and each point,ithénearethen a range of
options for how we assess the level of inequallty guard agaist the possibility that our
conclusion about how inequalities have varied over time will be a function of which measure is

used, it may be sensible to use more than one measure.

One of the most commonly used measures, and probably the simplest to uselemsthnd, is
the decile ratipapplied to this study, this measweuld organise the areas into deciilesach
time period based on their SMR. The average SMR of the highest and lowest deciles are

calculated, and the ratio of the two is used as a meas$uelative inequality.

A criticism of this type of method is that it is only examining a small part of the distribution;
Gakidou et al. (2000), for example, ask whether we are just interested in the difference between
the extremes in a population (ethe difference between the extremes when areas are sorted into

mortality deciles ) or in the entire population.

Another commonly used measure is the Gini coeffic(@ihi, 1919, which is often used to
studyinequality in income. The Gini coefficient anges from 0 (perfect equality) to 1 (perfect
inequality). A related measure is tid¢kinson Index (Atkinson, 1970), used, for example by
Gravelle and Sutton (2001 measure inequality in the geographical distribution of general
practitioners. Both meases are using information from the entire distribution, and would be
useful to provide confirmation that the conclusion reached by using the decile ratio measure are

still true when we look at the whole distribution.

B3. Cartograms

To enable a visual assmment of any spatial patterns, the SMR data will need to be mapped in a
way that renders every one of the study areas visible. In addition to the conventional map of
Britain, | propose to develop and use a demsgyalising cartogram, which will overcontige
problems of small, fragmented urban areas. The basic idea is to replace each of the spatial units

with a new polygon, often a much simpler shape, such as a circle or hexagon. The area of the



new shapewvill be roughlyin proportion to some variableften the population of the area
Hence small, densely populated areas will be represented in the cartogram by a larger polygon.

A problem to be overcome is that the changes in size of the areas will alter the topology of the
map; the challenge is to dewpl a cartogram that maximises the advantdhgas this method
offers as a visualisation tool, whilst minimising the topological distortion, allowing readers to

still be able to identify areas of the map.

There is a long history of the devphoent of cartopmsWal do Tobl er 6s hi st or
(Tobl er, 2004) tells wus that the term was fir

A relaively recent algorithm, by Gastner and Newman (209€4nspired by the diffusion of gas
molecules, ands relatively straightforward and quick to uséhe code is freely availabdlto use

in various forms However the fragmented nature of some of tetudy areas is potentially
confusing to readers of the map, and this method of producing a cartogram would notmgt aro

that problem

Dorling (1996 published analgorithm to create circular cartograms; this tends to produce
cartograms with an appearance that is pleasing to the eye, and easy to undérstand.
disadvantage is that theam will necessarily have gapdue b the use of circlesThe code is
publicly available although extra work would be required to produce the data input, and process

the output.
B4. Dealing with geographical changes

The changes in the 290 study areas are relatively small between 1927 4ndiftE® 1974, local
government in most of England was-amyanised.This presents the problem of calculating

estimates using data published since 1974 for the older set of study areas.

A methodof dealing withgeographicathange, which may be relevawt this problemis that

used byMartinetal.( 2002) in their ALinking Censuses Thr
geography (in our case, 2001 wards or Postcode Sectors) is considerably smaller than the target
geography (in our case the County Boresignd the Rural and Urban remainde@&kgory and

Ell (2005) are critical of this method, pointing out that it thromgag too much spatial detalil

10



B5. Population denominator

The measure of SMR, and other similar measures, are reliant on being aaeuate a
population denominator. This is only available, at small areas, from the census, which is every
ten years in the UK (except 1941; the emergency census of 1939 can be used instead). Hence |
intend to use the census to calculate the necessargeagpopulation denominators, using
simple linear interpolation to calculate estimates for the periods between censuses. There is
obviously a danger of the estimates being inaccurate; this could be due to the inaccuracies of
census data, or of the assumptthat the change between censuses is linear.

Recent censuses have been plagued with problems concerning undercount. The problems with
the 1991 census were considered serious enough that projections forward from 1981 were used
insteadas the official bsis of 1991 estimate®Vithin the academic world, attempts were made to
correct the datathe Estimating with Confidenceroject Simpson, 1997 produced revised
estimates of people broken down by age and sex, which led baltinking Censuses through

Time (LCT) project (Martin et al., 2002), which madkee results of these exercises available

online and applied them to more of the 19%hsus output

The output from the 2001 census was also problematic, although it is generally accepted that the
methals used to impute the data for those who had been missed was more successful, and
therefore the final output was more accurate than 1984 for exampl&impson, 2007)The

2001 totals alsappear to show thdhe level of undeenumeration estimated fa&®91was not

as severe as had been estimated in the 1(@®pson, 2007)which therefore call into question

the accuracy of the corrected 1991 d&tar. this reason, for the purposes of this study, original

(uncorrected) 1991 census output has been used.

Recent work by Norman et al. (2008) has now modifiedBsgmating with Confidenc&991
estimates, such that they are now consistent with a-2081 census time series, and data from
other sources. This work came a little too late for the purposdssoprioject, but the new data

will be used to improve this work at a later point.

Rees et al. (2003) looked at the effect of an attempt to improve the acadrpopulation
denominator s, and concluded that A Ais highlg g e me n t
dependent wupon the denominator population use

worth investing time in getting the denominator correct.

11



C. Methodology

The main unit of observation &gesexStandardised Mortality Rati®&MR) for 290 areas for 12
periods of timeDigital boundaries are brought together into a conventional map 89¢thstudy

areas, and from these a new cartogram is also develdpedSMRs are then mapped thre
conventional map alongsidiee newly developedactogram, to allow an initial visual analysis of

the changing patterns over time. Indexes of inequality are then calculated for each time period,

and plotted on a graph.
C1. Study Areas, ime periods and age groups

Cla. The study aeas

As noted in the intrduction, | use the same set of areas as the Dorling (1997) shedgnly

di fference being that Dorlingds data had serfr
Countyo and #Alnsul ar Portion of Ross aestd Cr om
of their respective counties in this study, as the data sources from the 1920s and 1930s did not

list them separatelyThe geographyusedis largely determined by the available data in the first

half of the 28 century. The study unitsre 290 aras covering Great Britain.

There are differences in the way the areas are made up Hwodéferent parts oBritain; in

London, thee are 29 boroughs (covering an area similar in size to the modern area of Inner
London, but a slightly different congition); in other parts of England and Wales, the geography

is slightly more complicated; each county is brokenwipere there areounty boroughsthese

stand alone as study areas. The remaining districts are classified as either rural or urban, and our
study areas are aggregations of theal and urban remaindeo§ the county In Scotland, the

study areas are made up of Burghs and the remainder of counties, although there is not the same

urban/rural split of counties as in much of England and Wales.

An example of the countgf Norfolk is shown in figure C1This example is typical of England

and Wales (outside of London); the spatial units are constituted of two county Boroughs (in this
case Norwich and Great Yarmouth), and aggregations of the remdisingts based on their
classification as urban or rural (i.e. Norfolk Rural and Norfolk Urban), giving a total of 4 study

areas within the county of Norfolk.

12



Area Types

B England & Wales County Borough
[ | England & Wales Rural

.| England & Wales Urban

Figure C1: The study areas in Norfolk

C1b. Time periods

To get a view of changes over a periof 84 years, data from single years has been grouped
togetter into periods of 4 or 5 years. It would be possible to calculate SMRs for individual years;
however,for some of the smaller study areas, the number of deaths in a particular year for a
partiaular age group is in single figures. Using four or five years of data will teeooth
smallrandomfluctuations andalso minimise the effect afevitable data errorsf the result is a
reasonably smooth graph when inequality is mapped over time, ithis likely that little
information has been lost in aggregating the data into the 4 or 5 year time periods.th¢here
graph shows a sudden changenay be worth, where the data will allow (i.e outside the war

periods), also calculating individual yegarto see whether that helps to pinpoint the change.

The Dorling (1997) sy measured SMRs for the same areas as this seetslyeen 1951 and

1992, grouped into six time periods. In this study | intend to extend the time period in both
directions; back td 9 2 1, and forward to 2005, using Dorl
1951 and 1973. For the period of 1981 to 2005, mortality data now available means that | can

i mprove on Dor | i ngdcslatimeurranodata in old areas bl lyuildiragmn

smaller geographical unitéJsing three of Dorlings time periods, and adding four from the

13



1920s and 1930s data, and five periods from the data sincegil@81a total of 12ime periods
for which SMRs have been calculated for 29 areas, as flaws:

1 192125
1 192630
1 193135
1 193639
1 1950653
1 195963
1 196973
1 198185
1 198690
1 199195
1 19962000
1 20012005

Clc. Age Groups

The available data dictated the age groups that could be used to calcuséx &Rs. The
majority of the data was availablerfihe followingage groupsso these are the ones that have

been used

Under 1
1-4
5-14
1519
20-24
25-34
3544
4554
5564

65 and over

= =4 4 A4 A4 A4 -5 A -5 -2
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C2. Digital Boundary Data

C2a.Creating the base map

The digital boundaries were based upon boundariesaélailfrom Great Britain Historical
Geographical Information System (GBHGI{Bregory et al.,, 2002) GBHGIS via the
UKBorders service at the University of Edinburgbrovide boundaries foBritish Local
Government Districtand Countiesor various yearsn the early to mid 2Bcentury The Local
Government Districts file indicates the type of district, so it was possible to aggregate to the
County Boroughs, and urban and rural remainders in England and Wales. Similarly in Scotland,
the study areas are ambination of areas in the two GBHGIS datasets, so it is a simple

operation to combine the required areas.

Some further work was needin some areas of England to identify boundaries where counties
were further divided in the data compared to those giuethe GBHGIS files. These were
Sussex (divided into East and West in the data),dlirshire (divided into KesteverLindsey

and Holland), Suffolk (divided into East and West), and separating the Isle of Wight and

Hampshire (which are considered as separaunties in the data).

As anticipated, the resulting map, while useful for the profeet,s an o6éunt fodtheb appe
purposes of displaying data, mainly due to the very small and fragmented urban areas of England
and Wales, and some small BurghsScotland. This confirmed the view that a cartogram would

be necessary to supplement the conventional map.

C2b. Creating the cartogram

The method used to create a carto@ghguewas ba-:s
C2 shows an example ofetproblem, and the solution, although there were differences between

London, the rest dEngland and Wales, and Scotland (described below).

15



Area Types

B England & Wales County Borough
England & Wales Rural
England & Wales Urban

Figure C2: A closeup of the Norfolk area, showing the transformation from map to

cartogram

The geographyof the sudy areagpresents some problems for the proposed cartogram; the main
one is that some of the study areas wholly contained within others; in Englasad Wales, the
county loroughs, anaften the urbanemainders, arevholly within the rural emaindersAlso,
representinghe urban and ruralemainders asnecircle gives the problem of how to locate

them, as they anesuallyspread across a whole county.

The creation of a cartogram required a population for each study area; | used the 1931
population.Using the population from other years would have given cartograms of slightly

different sized circles, as the population shifts over time.

The process of creating the cartogram is summarised in the following flow(iofpareé C3) and
described in more dgil below that.

16



wAggregate county populations
wDetermine county and London borough centroids

1. Centroid:

wAdd polygon for the sea in digital boundary file
wRun ArcScript to determine shared boundary lengths
ZAesiellele)l wProcess further to count the number of neighbours for each polygogq

wContains centoid and shared boundary details for each polygon h

wTherefore there are two records of each length of boundary

<REIEI (County borough and urban area centoids initially located in the sea )

wCompile and run Dorling circle code A

wOutput gives centroid and radius of each circle
wNeed to process the output to get the correct format for next step )

~
wUse Arc script to generate circles from output

5 Circles wManually relocate boroughs and urban areas

Figure C3: Flow chart of process of creating cartogram

For the purposes of this project, | decidedmodify the Dorling method slightlyFor English
counties excepting London, | aggregated the populations of county boroughs, andnaban
rural remainders, to gé on overall county populatiditep 1in flow-chart) This would be used

to createcircles that were the size of thggregated units of that counggparate circles would

also be created for trunty boroughs andirbanremanders and these woulthter be located

within the larger circle; what was still visible of the larger circle wahkehrepresent the rural
remainder. Scotland was a similar process, but simpler in that the counties were not split into
urban and rural aas, so smaller circles representing the county burghs would fit inside larger
circles, with the visible part of the larger circle representing the county remainder. London is

altogether simpler, witB9 separate boroughs.

As well as a population to deterrme t he si ze of each circl e,
shows the extent of the boundaries that each spatial unit shares with all other spatial units, in

17



order that they may be positioned in such a way that topology is preserved as well as possible
when circles of the correct size are created. When the code was written, this information was
readily available from the Arc Attribute Table (AAT) assoeth with an arc/info coverage,
where information about adjacent polygons is stored ihBay andRPoly fields. Shapefiles do

not explicitly store information on the topology of the data, hence it has to be calculated.
Boundariesshared by our study areadth the seaalso need to be added. To do this, | added a
polygon that represented the sea, by dngwa rectangular polygon around Britain, and

subtrating the outline of the countrgtép 2).

To calculate theshared boundariesn f or mat i on required to be in t
I used an ARroclvyi gegown sdttipesp20@hdahighboutputs pairs of polygons,

with shared boundary lengtfihe topology | wanted to calcula# this stagevas that of whole
countiesand London BoroughsThe county boroughsof burghs in Scotland), and urban
remainders wermissed out of thisstagelwe n it came to running Dorli
O0pl aced6 0 inthe ihpotdile they wdrgiven. centroids outside of the UK mainland,

and no neighbours).

The output from thedjacency measurgcript needed further workstep 3), as for tle purposes
of Dorlingds code, e ach mputfile avite, tnoeudan ebehrofythen e e d s
polygors sharing the boundary. Also, the input file needs to contain the nwhberghbours

for each polygon, so thiseeded calculatingin Excd) and adding to the input file

Having got the input file in #required formatDor | i ngés code was compi |
executed gtep 4. The output fileproduced by the codepecifiesthe new centroidandradiusof
eachcircle (study area)

The outputtext file required a small amount of simple editing to enable it to be brought into
Arcview, wherel used the Arcview scriph Ma ke Rect angl e $(Kuttig200% | e s, (
to create the shapefilstép 5.

This gave me a shapefile with com8 and London boroughs i n t he
noted, the study areas that were to fit inside the county circles (county boroughs and urban
remainders), had been given position attributes that put them in the sea. Hence these needed
manually moving and positioning in approximately the correct platgde the larger county

circle; in theory, this should leave enough of the large county circles visible to represemnalthe

remainders.
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The resulting cartogram is shown below, next to the convehtioap, with the types adtudy
area represented on each by the same colour scheme.

Study Areas Types: Map and Cartogram

£ : Area Types
g England & Wales County Borough
& England & Wales County

England & Wales Rural
England & Wales Urban

Largest Study Areas

1. Glasgow 13. Glamorganshire Urban
2. Edinburgh 14. Middlesex

3. Lancashire Urban 15. Essex Urban

4. Liverpool 16. West Ham

5. Manchester 17. Kent Urban

6. Durham Urban 18. Surrey Urban

7. West Riding of Yorkshire Urban 19. Bristol

8. Leeds 20. Monmouthshire Urban
9. Sheffield 21. Wandsworth

10. Cheshire Urban 22. Islington

11. Staffordshire Urban 23. Lambeth

12. Birmingham 24. Camberwell

Figure C4: Map and cartogram, showing area typology using the same colour scheme
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Figure C4 shows us that if we view a map of, for example, SMRs on the conventional map, what
we are looking at is mainly the values in rural areas; hence when looking for mattern

cartogram will be the preferred representation.

C2c. ldentifying study areas

One problem associated with cartograms compared to a conventional map is the identification of
places. However, this can be overcome by labelling, and the internet f@isougf a solution of
putting the maps online, with labeland possibly value informatiorthat shows when a user

hovers a mouse over an area.

This has been done in a very basic manaad puton a website that has been designed to

supplement this projecseehttp://sasi.group.shef.ac.uk/research/mortality _mosaics/

To achieve this, | used an Arcview script (Kreinhed®99)that exports a jpg image of the map,
with an accompanying i file describing the map as an image map, with the name of each area

as a tag.

C3. Mortality d ata

C3a. 1921 to 1939

Deaths by age and sex, for the geographical level required, did not exist electronically. They
have recently been typed in by the authad colleagues for the purpose of this study, from

annual Registrar General Reports.

For the most part, this was relatively straightforward; data existed for each of theastad,

and for each age grouwith the following exceptions:

1 In the 1920s Rgidrar Generalreports for Scotland, there is no single table that cross
tabulates age, sex and plaxfedeath(two separate tables show place and sex, and place
and ageespectively. Therefore | needed to estimate the male/female split of deaths for
each ge/place combinatiomhis was done by using the national (Scottish) ratio of male
to female deaths for each age group for each year, and applying that to each study area.
The Scottish mortality data all through the 1920s and 1930s also combined-19eath
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20-24 age groups;onsequentlythese had to be estimated by using the English national
ratio of 1519 to 2024 yearolds for the same year.

1 The 1921 census was taken in Junkhe census entry for Bute, in the west of Scotland,
notes that many of thital recorded population &3,711 wereholiday-makers. In this
case, this made enough of a difference to SMR calculations that | decided to use the
RegistrarGeneralfigure of 18,100nstead (which is in line with the censuses of 1911 and
1931), and adisted the age group figures by the ratio of the two. It might be expected

that other population figures were affected in 1921 by holidalgers to a lesser extent.

1 Mortality data was not reported for Doncaster separately from-1926 inclusive.l
haveassumed it was included with West Yorkshire Urban, and estimated the Doncaster
data for the missing years from that, usithg populations in Doncaster and West
Yorkshire Urbanfor each ageex group to estimate the number of deaths in Doncaster

for theseyears.

1 The Rural Districts of the Administrative County of Middlesex were abolished on the 1st
April, 1934. Earlier data, with separate entries for rural and urban Middlesex, were
aggregated to produce totals for the county of Middlesex, to be consistierdata for

later study years.
C3b. 1951 to 1973

Data for heseyearswere taken from Dorling (1997), who had typed them in from Decennial

Registrar General reports.
C3c. 1981 to 2005

There were two possible sources available to me for the mortaléyostat the period of 1981 to

2005. The Office for National StatisticSONS) make mortality data available in their Vital
Statistics (VS) releases, by se&ge group and ward. The group for which | work at Sheffield
also has access to individdalel deathdata over this period. After retrieving the VS files from

the Economic and Social Data Servi@SDS serviceat the University of Essext became
apparent the data would require a huge amount of workdaggeegate to the study areas. This is
because &ch year the VS data is released for the set of wards that is current at that time. Hence a
look-up would have to be created from every set of wards to the studyRaehdlorman, at the
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University of Leeds, has created a tiseries withconsistentvard geography through the 1990s
and 2000s, but this has not been done for the 1980s. Also, thisdimes only covers England
and Wales, not Scotland. However, | did utilise this series to validate the totals that emerged

from the work on the individudevel data (see detail below).

The individuallevel data aailable at Sheffield is kept ithree large text files, covering the
periods 19841989, 19961999, and 200Q005 and totalling 15.5 million record§ he spatial
information associated with each tledas varied somewhat over time, and between Scotland
and England & Wales. Hence the datasets have a mixture of full postcodes, postcode sectors (in
Scotland), Output Area@nore recent data in England and Wales)d in atiny percentage of

cases no spial information.

The easiest geography to convert all of these to was the set of wards in England and Wales used
for the 2001 census (Census Area Statistics wards), and Postcode Sectors in Scotland. From
there, the boundaries of the study areas couldppeoximated by an aggregation of this set of

wards and postcoegectors.

Where Output Area is given, it is a trivial process to derive census wards; they are simply the
first 6 characters of the Output Area code. For records with a fullgpost, the Mtional
Statistics Postcode Directorwas used available throughthe UKBorders service at the

University of Edinburgh.

In Scotland, most of the postcedectors matched those used for the 2001 census. However,
some pogiode sectors used in the 1980s 4A80s have since been changed. A {aplobtained
from Royal Mail's websitedpwnloaded from
ftp://ftp.royalmail.com/Downloads/public/ctf/rm/21sep06_MajorRecodes_to 199%towed
most of these to be matched to current postcode sectors.

C3d. Aggregating data from 19812005 to study areas

SMRs have been calculated for the 1980s and early 1990s for these areas by D@@ihg (
However, this was done using a method of apportioning data from modern local authorities to the
study areas, by dividg modernlocal authoritiedbased on percentage of the population in each

of the study areas.
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Having studied the sources of data on deaths, and also draaded populatioavailable from

the census and more recent m&hr estimates from ONS was felt that ggregations based on

2001 wards (in England and Wales) and Postcode Sectors (in Scotland) was possible. This
geography is small enough to provide building blocks for a reasonably good aggregation to the
study areas.

Considering census data, tables givéley and aggroups comparable to those in other data used

are available in 1981 and 1991 censuses at Enumeration District level, and 2001 at Ward level.
Therefore the 1981 and 1991 data can be aggregated to 2001 wards and Postcode Sectors.
Considering amlternative of using 1981 wards presents a problem that the 2001 tables at Output
Area level do not offer data for age groups comparable with those used for other periods in the

study.

The individuallevel death data, described in more detail above |@fsts itself to a 2001 census

geography, as much of the data has 2001 Output Areas associated with it.

C3e.Data validation

Paul Normarat Leeds Universityhhasproducedan unpublished dataeries of total deaths from
1990 unii 2006 at 2001 CAS ward lekkeAs a check on my calculations from the individual
level data, | aggregated the wdedel data provided by Paul Norman to the study areas (as
defined by CAS wardsfor England and Walefor the 5year periods 1991995, 19962000,

and 20012005. The tadl deaths very closely matched those | had calculated.

For the 180s, ward level Vital Statistics would need a lot of work to be usable, as they use
wards that are not consistent through the period, and labels that do not match those used in
digital bourdary data. However, localuthority level data is available. In parts of Britain, the
modern local authorities (or aggregations of them) match with the areas used in the study. Hence
in these areas, a similar process of checking Vital Statistics totalsdegainst those calculated

from individuatlevel data can be performed. This was done for the modern area of Southwark,
in London, and also the aggregated study areas of Wiltshire (Urban and Rural). In both cases, the
19811985 totals matcheekry closely
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C4. Population Data

To obtain population denominators for the each of the 9 time periods that were to be added by
this study, | neeed population counts by sex and the 10 age groups, for the 290 areas. The most
reliable, and often the only source, ofsthllata is the decennial censuses. A census has been
taken every 10 years inriBain since 1801with the exception of 1941. An emergency census
was taken in September 1939, as Britaiepared for warTherefore, the censuses needed for
this study were 121, 1931, 1939, 1981, 1991 and 200d. addition, for the population
denominator for the 2002005 base, estimates produced by GdrEngland and Wale@ffice

for National Statistics, 200&)nd GROScotland (General Registry Office Scotland, 208fthe

mid-year populatn estimates for 2003 were used.

Most of the required data was available for the study age groups, with the following exceptions:

1 1939 age bands were difémt to those used in the study; for example 48% years
rather than 8L5. Therebre it was necessary to adjust the datajo this it was necessary
to estimate the number of people aged, for example, 14% to 15, and transfer this number
between groups.

1 Scottish age bands for 2003 were slightly different to those used in the stuggafl5
olds were included in a 34 group), s@gainit was necessarytadjust the data

1 For the 1920s and 1930s data, for the under 1 age category, instead of using the number
of under 1s listed in the census, the average number of births over the tiotevpes

used, to mitigate the effect of the relatively high infant mortality rate on the denominator.

The denominator required in each case was an approximatgomidof the 4 or 5 year period.
For the periods in the 1920s, 1930s, 1980s and 1990s,vikesealculated by a process which

assumed a linear change of population between censesetable C1)
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Table C1: A summary of the data used to calculate each denominator

Time Period Population data used

192125 4 *census1921 + *census1931
1926-30 8 o'census1921 ¥ ,*census1931
193135 ¥a*census1931 + Ya*census1939
193639 3 g°censud 931 +13 . * censud939
195053 Dorling data

195963 Dorling data

196973 Dorling data

198185 4 *census1981 +.*census1991
198690 3 07 census1981 +,,*census1991
199195 4 *census1991 +.*censug001
19962000 3 ,0Fcensus1991 +,*census2001
20012005 ONS and GRO estimates of 2003 nyelr population

C5. SMR Calculations

The Standardised Mortality Ratio (SMReasure compares each of our study are8sitain as

a whole for the same time period. It takes into account the number of people in each age
category, and utsing national death rates for each age group, calculates the number of deaths
you would expecif the national mortality rate applied in that area. The number of actual deaths
is divided by the number of expected deaths, and multiplied by 100, so that if an area has a
pattern of mortality that is very similar to Britain as a whole, it will hav&stiR of 100. If there

are more deaths than you would expect, the SMR value will be higher than 100, and if there are

less deaths, it will be lower than 100.

The SMR values are used in several ways; they are presented on the map and cartogram pairs for
eachof the 12 time periods; they are used to calculate two indices of inequality, again for each
time period; and twelve charts of the distribution of SMRs are also produced.
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D. Data analysis
D1. SMR maps

Figure D1 shows the series of 12 SMR m&jachpair mapsthe same data in each case

SMR : 1921 to 1925

SMR : 1926 to 1930
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