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Abstract 

This study builds on and extends previous work mapping mortality in Britain, covering time 

periods between 1921 and 2005. It measures age-sex Standardised Mortality Ratio (SMR) for 

290 areas of Britain for each of 12 time periods, allowing observation of the changing 

inequalities and patterns of mortality, as a proxy for health. 

A new map is also developed, allowing presentation of the SMR values for the 290 areas in a 

density-equalising cartogram, rendering inner-city areas visible that would not be so on a 

conventional map.  

The maps reveal striking patterns; especially notable is the increase in inequality in the late 

1930s, with the primary cause being an increase in the SMR values of the London area; and the 

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 Glasgow area. 

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 unemployment of the late 1920s and early 

1930s. The war and the introduction of the NHS served to bring inequalities to a low point in the 

early 1950s. The most recent time period, 2001-2005, shows the highest level of inequalities in 

Britain since before World War II. 
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A. Introduction  

A1. Measuring health inequality by mortality 

This study aims to measure and map mortality 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 used is age-sex Standardised Mortality Ratio (SMR) of an area; this 

allows us to assess whether, given age structure of an area, the number of people dying over a 

period of time is more 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 different areas of Britain. 

Whether this is the best measure of health inequalities is open to debate; over this period of time, 

however, it is the only measure of health that can be obtained. 

Inequalities in health in Britain have been measured before, but this study 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 another major part of the project) is in the method of presentation of 

the data, using a newly-developed 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. What is not so clear is 

whether this improvement has been the same for everybody, and if not, what the government can 

do to ensure that inequalities are reduced, rather than allowed to widen further. Inequalities in 

health are likely to be symptoms of other inequalities; in income, healthcare, and education, for 

example. 

The 20
th
 Century was notable for what 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 epidemic and 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 ólevellersô of access to money, food and healthcare. Plotting a graph of health 

inequality over a long period, with these events marked on, might be expected to help understand 

the impact these social experiments have had. 
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A3. Study areas 

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

One of the studies on which this builds, that of Dorling (1997), uses a set of administrative areas 

in existence in 1951. These areas remained more or less the same between 1921 and 1973 for 

most of Britain. Changes to administrative boundaries 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 of areas as the Dorling study. They are 290 areas; 

enough units to see clear patterns when mapped, but containing enough people that the measure 

of mortality used should be reliable. 

A4. Mapping/Cartograms 

As well as the usual tables and charts, maps are useful for assessing the changing patterns. A 

conventional map to present the data was not available, but could be built from historical digital 

boundaries that are available from the Great Britain Historic GIS Project (Gregory et al., 2002). 

From the digital boundaries, it was possible to create a density-equalising 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 allow. The creation of both types 

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

B1. The Geography of Mortality  in Britain  

Calculating and mapping levels mortality for areas of Britain is not a new idea. The best known 

example dates back to 1963; Melvyn Howeôs ñNational Atlas of Disease Mortality in the U.Kò 

(Howe, 1963).  This atlas, and many subsequent examples, show clear spatial patterns, with rates 

varying across the country, and between urban and rural areas. Over time, we have generally 

become healthier and more likely to survive into old age. However, an improvement in absolute 

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

In 1980, the now notorious ñBlack Reportò (Black et al., 1980) was published. There was 

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 these concerns in a letter in New Society, addressed to the then secretary of State, 

David Ennals. The letter is credited with prompting David Ennals to take action in appointing Sir 

Douglas Black to chair a committee charged with producing a report on health inequalities. 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 some 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 proportion of the 

poorer than the richer socio-economic groups among both males and females reporting 

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

The report includes tables showing regional variation in mortality, and a claim that the apparent 

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, 

Shaw et al. (1998), and the work that this study is building on (Dorling, 1997) analysed data 

from 1951 through to the early 1990s. They found that inequalities were widening in the later 

periods, compared to the relative equality of the 1950s. 
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Langford and Bentham (1996) attempted to explain the apparent North-West / South-East divide 

in mortality rates using a multi-level modelling technique. After controlling for deprivation and 

area type, they still conclude that there is a marked divide in the country when measuring SMRs 

around 1990. 

Boyle (2004) reviews the literature on the effect of migration on continued inequalities in 

mortality, citing health-selective geographical mobility as a factor in the persistent pattern. He 

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

His review of the literature is concluded with ñOverall, though, there is growing evidence that 

ignoring population mobility in cross-sectional, ecological studies of mortality and morbidity 

may result in misleading findings.ò 

 

B2. Methods of measuring inequality in health 

Over the period of the study, 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 Registrar General reports 

throughout this period. However, to simply compare raw death rates would not paint a true 

picture of relative health; some areas have a higher proportion of old people than others, and 

therefore you would expect more deaths in a given period. To allow for age structure, a 

commonly used measure is the Standardized Mortality Ratio (SMR), which compares mortality 

in an area to that in a reference population (in this case the reference would be Britain). This is 

termed an indirect method of standardisation, and is often preferred because the data 

requirements are simpler, and the method better handles small numbers of deaths than its main 

alternative, direct standardisation. However, Julious et al. (2001) argue against the use of SMR, 

preferring the use of direct standardisation 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 Julious et al. study appears to actually show that in most instances, SMR and CMF measures 

are comparable; they would only differ significantly if the population structures of the areas were 

very different from each other. Given that this study is extending previous work that used SMR, 

it makes sense to do the same in this study.  

Illsley and Le Grand (1993) suggested that we should replace the use of SMR with age specific 

death rates. I hope to be able to partially take their advice; not dismissing the value of the SMR, 
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but if there is enough time, calculating age specific death rates in addition to SMRs. They 

claimed that the North-South divide had disappeared in younger groups, but persisted at older 

ages, although this was at a course regional level. Ecob et al. (1997) however showed that the 

inequalities in the younger groups had re-emerged in the period from 1981 to 1991. 

Once SMRs have been calculated for each area and each point in time, there are then a range of 

options for how we assess the level of inequality. To guard against 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 use and understand, is 

the decile ratio; applied to this study, this measure would organise the areas into deciles in each 

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 measure of relative 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 (e.g. the difference between the extremes when areas are sorted into 

mortality deciles ) or in the entire population. 

Another commonly used measure is the Gini coefficient (Gini, 1912), which is often used to 

study inequality in income.  The Gini coefficient ranges from 0 (perfect equality) to 1 (perfect 

inequality). A related measure is the Atkinson Index (Atkinson, 1970), used, for example by 

Gravelle and Sutton (2001) to measure inequality in the geographical distribution of general 

practitioners. Both measures 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 assessment 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, I propose to develop and use a density-equalising cartogram, which will overcome the 

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 
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new shapes will be roughly in proportion to some variable, often 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 develop a cartogram that maximises the advantages that 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 development of cartograms. Waldo Toblerôs history of cartograms 

(Tobler, 2004) tells us that the term was first used in 1851 to mean ñmaps with diagramsò.  

A relatively recent algorithm, by Gastner and Newman (2004) is inspired by the diffusion of gas 

molecules, and is relatively straightforward and quick to use. The code is freely available to use 

in various forms. However, the fragmented nature of some of the study areas is potentially 

confusing to readers of the map, and this method of producing a cartogram would not get around 

that problem. 

Dorling (1996) published an algorithm to create circular cartograms; this tends to produce 

cartograms with an appearance that is pleasing to the eye, and easy to understand. A 

disadvantage is that the map will necessarily have gaps, due to the use of circles. The 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 1921 and 1974. After 1974, local 

government in most of England was re-organised. This presents the problem of calculating 

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

 

A method of dealing with geographical change, which may be relevant to this problem is that 

used by Martin et al. (2002) in their ñLinking Censuses Through Timeò project, where the source 

geography (in our case, 2001 wards or Postcode Sectors) is considerably smaller than the target 

geography (in our case the County Boroughs and the Rural and Urban remainders). Gregory and 

Ell (2005) are critical of this method, pointing out that it throws away too much spatial detail. 
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B5. Population denominator 

The measure of SMR, and other similar measures, are reliant on being able to calculate 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 I 

intend to use the census to calculate the necessary age-sex population 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 assumption that 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 

instead as the official basis of 1991 estimates. Within the academic world, attempts were made to 

correct the data; the Estimating with Confidence project (Simpson, 1997) produced revised 

estimates of people broken down by age and sex, which led on to the Linking Censuses through 

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

online, and applied them to more of the 1991 census output.  

The output from the 2001 census was also problematic, although it is generally accepted that the 

methods used to impute the data for those who had been missed was more successful, and 

therefore the final output was more accurate than 1991 (see for example Simpson, 2007). The 

2001 totals also appear to show that the level of under-enumeration estimated for 1991 was not 

as severe as had been estimated in the 1990s (Simpson, 2007), which therefore call into question 

the accuracy of the corrected 1991 data. For 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 modified the Estimating with Confidence 1991 

estimates, such that they are now consistent with a 1981-2001 census time series, and data from 

other sources. This work came a little too late for the purposes of this project, 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 accuracy of population 

denominators, and concluded that ñA judgement about trends in mortality inequality is highly 

dependent upon the denominator population used.ò Their conclusion suggests that it is certainly 

worth investing time in getting the denominator correct. 
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C. Methodology 

The main unit of observation is age-sex Standardised Mortality Ratio (SMR) for 290 areas for 12 

periods of time. Digital boundaries are brought together into a conventional map of the 290 study 

areas, and from these a new cartogram is also developed. The SMRs are then mapped on the 

conventional map alongside the newly developed cartogram, 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, time periods and age groups 

C1a. The study areas 

As noted in the introduction, I use the same set of areas as the Dorling (1997) study, the only 

difference being that Dorlingôs data had separate entries for ñInsular Portion of Inverness 

Countyò and ñInsular Portion of Ross and Cromarty Countyò, but they are included with the rest 

of their respective counties in this study, as the data sources from the 1920s and 1930s did not 

list them separately.  The geography used is largely determined by the available data in the first 

half of the 20
th
 century. The study units are 290 areas covering Great Britain.  

There are differences in the way the areas are made up across the different parts of Britain; in 

London, there are 29 boroughs (covering an area similar in size to the modern area of Inner 

London, but a slightly different constitution); in other parts of England and Wales, the geography 

is slightly more complicated; each county is broken up; where there are county boroughs, these 

stand alone as study areas. The remaining districts are classified as either rural or urban, and our 

study areas are aggregations of the rural and urban remainders of 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 county of Norfolk is shown in figure C1. This 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 remaining districts 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. 
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Figure C1: The study areas in Norfolk 

 

C1b. Time periods 

To get a view of changes over a period of 84 years, data from single years has been grouped 

together 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 

particular age group is in single figures. Using four or five years of data will help to smooth 

small random fluctuations, and also minimise the effect of inevitable data errors. If the result is a 

reasonably smooth graph when inequality is mapped over time, then it is likely that little 

information has been lost in aggregating the data into the 4 or 5 year time periods. Where the 

graph shows a sudden change it may be worth, where the data will allow (i.e outside the war 

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

The Dorling (1997) study measured SMRs for the same areas as this study between 1951 and 

1992, grouped into six time periods. In this study I intend to extend the time period in both 

directions; back to 1921, and forward to 2005, using Dorlingôs data for three periods between 

1951 and 1973. For the period of 1981 to 2005, mortality data now available means that I can 

improve on Dorlingôs methodology, by re-calculating current data in old areas by building from 

smaller geographical units. Using three of Dorlingôs time periods, and adding four from the 
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1920s and 1930s data, and five periods from the data since 1981 gives a total of 12 time periods 

for which SMRs have been calculated for the 290 areas, as follows: 

¶ 1921-25 

¶ 1926-30 

¶ 1931-35  

¶ 1936-39  

¶ 1950-53 

¶ 1959-63 

¶ 1969-73  

¶ 1981-85 

¶ 1986-90 

¶ 1991-95  

¶ 1996-2000 

¶ 2001-2005 

C1c. Age Groups 

The available data dictated the age groups that could be used to calculate age-sex SMRs. The 

majority of the data was available for the following age groups, so these are the ones that have 

been used: 

¶ Under 1  

¶ 1-4  

¶ 5-14  

¶ 15-19  

¶ 20-24  

¶ 25-34  

¶ 35-44  

¶ 45-54  

¶ 55-64  

¶ 65 and over 
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C2. Digital Boundary Data 

C2a. Creating the base map 

The digital boundaries were based upon boundaries available from Great Britain Historical 

Geographical Information System (GBHGIS) (Gregory et al., 2002). GBHGIS, via the 

UKBorders service at the University of Edinburgh, provide boundaries for British Local 

Government Districts and Counties for various years in the early to mid 20
th
 century. 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 a combination of areas in the two GBHGIS datasets, so it is a simple 

operation to combine the required areas. 

Some further work was needed in some areas of England to identify boundaries where counties 

were further divided in the data compared to those given in the GBHGIS files. These were 

Sussex (divided into East and West in the data), Lincolnshire (divided into Kesteven, Lindsey 

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

Hampshire (which are considered as separate counties in the data). 

 

As anticipated, the resulting map, while useful for the project, has an óuntidyô appearance for the 

purposes of displaying data, mainly due to the very small and fragmented urban areas of England 

and Wales, and some small Burghs in Scotland. 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 cartogram was based on Dorlingôs circle algorithm (1996). Figure 

C2 shows an example of the problem, and the solution, although there were differences between 

London, the rest of England and Wales, and Scotland (described below). 
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Figure C2: A close-up of the Norfolk area, showing the transformation from map to 

cartogram 

The geography of the study areas presents some problems for the proposed cartogram; the main 

one is that some of the study areas are wholly contained within others; in England and Wales, the 

county boroughs, and often the urban remainders, are wholly within the rural remainders. Also, 

representing the urban and rural remainders as one circle gives the problem of how to locate 

them, as they are usually spread across a whole county. 

The creation of a cartogram required a population for each study area; I 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 chart (figure C3), and 

described in more detail below that. 
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Figure C3: Flow chart of process of creating cartogram 

 

For the purposes of this project, I decided to modify the Dorling method slightly. For English 

counties excepting London, I aggregated the populations of county boroughs, and urban and 

rural remainders, to give on overall county population (step 1 in flow-chart). This would be used 

to create circles that were the size of the aggregated units of that county; separate circles would 

also be created for the county boroughs and urban remainders, and these would later be located 

within the larger circle; what was still visible of the larger circle would then represent the rural 

remainder. Scotland was a similar process, but simpler in that the counties were not split into 

urban and rural areas, 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, with 29 separate boroughs. 

As well as a population to determine the size of each circle,  Dorlingôs code requires data that 

shows the extent of the boundaries that each spatial unit shares with all other spatial units, in 

1. Centroids

ωAggregate county populations 

ωDetermine county and London borough centroids

2. Topology

ωAdd polygon for the sea in digital boundary file

ωRun ArcScript to determine shared boundary lengths

ωProcess further to count the number of neighbours for each polygon

3. Datafile

ωContains centoid and shared boundary details for each polygon

ωTherefore there are two records of each length of boundary

ωCounty borough and urban area centoids initially located in the sea

4. Code

ωCompile and run Dorling circle code

ωOutput gives centroid and radius of each circle

ωNeed to process the output to get the correct format for next step

5. Circles

ωUse Arc script to generate circles from output

ωManually relocate boroughs and urban areas 
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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) associated with an arc/info coverage, 

where information about adjacent polygons is stored in the LPoly and RPoly fields. Shapefiles do 

not explicitly store information on the topology of the data, hence it has to be calculated. 

Boundaries shared by our study areas with the sea also need to be added. To do this, I added a 

polygon that represented the sea, by drawing a rectangular polygon around Britain, and 

subtracting the outline of the country (step 2). 

To calculate the shared boundaries information required to be in the input file for Dorlingôs code, 

I used an Arcview script óPolygon adjacencyô (Huber, 2002), which outputs pairs of polygons, 

with shared boundary length. The topology I wanted to calculate at this stage was that of whole 

counties and London Boroughs. The county boroughs (or burghs in Scotland), and urban 

remainders were missed out of this stage; when it came to running Dorlingôs code, they would be 

óplacedô óin the seaô(i.e. in the input file they were given centroids outside of the UK mainland, 

and no neighbours). 

The output from the adjacency measure script needed further work (step 3), as for the purposes 

of Dorlingôs code, each shared boundary needs to be in the input file twice, once for each of the 

polygons sharing the boundary. Also, the input file needs to contain the number of neighbours 

for each polygon, so this needed calculating (in Excel) and adding to the input file. 

Having got the input file in the required format, Dorlingôs code was compiled and successfully 

executed (step 4). The output file produced by the code specifies the new centroid and radius of 

each circle (study area).  

The output text file required a small amount of simple editing to enable it to be brought into 

Arcview, where I used the Arcview script óMake Rectangles, Circles, Ovals 4.1' (Kuttig, 2007) 

to create the shapefile (step 5).  

This gave me a shapefile with counties and London boroughs in their ócorrectô location. As 

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 place inside the larger county 

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

remainders. 
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The resulting cartogram is shown below, next to the conventional map, with the types of study 

area represented on each by the same colour scheme. 

 

Largest Study Areas 

1. Glasgow 

2.  Edinburgh 

3.  Lancashire Urban 

4.  Liverpool 

5.  Manchester 

6.  Durham Urban 

7.  West Riding of Yorkshire Urban 

8.  Leeds 

9.  Sheffield 

10. Cheshire Urban 

11. Staffordshire Urban 

12. Birmingham 

13. Glamorganshire Urban 

14. Middlesex 

15. Essex Urban 

16. West Ham 

17. Kent Urban 

18. Surrey Urban 

19. Bristol 

20. Monmouthshire Urban 

21. Wandsworth 

22. Islington 

23. Lambeth 

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 patterns, the 

cartogram will be the preferred representation. 

 

C2c. Identifying 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 also offers up a solution of 

putting the maps online, with labels (and possibly value information) that shows when a user 

hovers a mouse over an area. 

This has been done in a very basic manner, and put on a website that has been designed to 

supplement this project, see http://sasi.group.shef.ac.uk/research/mortality_mosaics/ 

To achieve this, I used an Arcview script (Kreinheder, 1999) that exports a jpg image of the map, 

with an accompanying html 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 author and 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 the study areas, 

and for each age group, with the following exceptions: 

¶ In the 1920s Registrar General reports for Scotland, there is no single table that cross 

tabulates age, sex and place of death (two separate tables show place and sex, and place 

and age respectively). Therefore I needed to estimate the male/female split of deaths for 

each age/place combination. This 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 the 15-19 and 

http://sasi.group.shef.ac.uk/research/mortality_mosaics/
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20-24 age groups; consequently, these had to be estimated by using the English national 

ratio of 15-19 to 20-24 year-olds for the same year. 

 

¶ The 1921 census was taken in June.  The census entry for Bute, in the west of Scotland, 

notes that many of the total recorded population of 33,711 were holiday-makers. In this 

case, this made enough of a difference to SMR calculations that I decided to use the 

Registrar General figure of 18,100 instead (which is in line with the censuses of 1911 and 

1931), and adjusted the age group figures by the ratio of the two. It might be expected 

that other population figures were affected in 1921 by holiday-makers to a lesser extent.  

 

¶ Mortality data was not reported for Doncaster separately from 1921-1926 inclusive. I 

have assumed it was included with West Yorkshire Urban, and estimated the Doncaster 

data for the missing years from that, using the populations in Doncaster and West 

Yorkshire Urban for each age-sex group to estimate the number of deaths in Doncaster 

for these years.  

 

¶ 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 consistent with data for 

later study years. 

C3b. 1951 to 1973 

Data for these years were 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 mortality data over the period of 1981 to 

2005. The Office for National Statistics (ONS) make mortality data available in their Vital 

Statistics (VS) releases, by sex, age group and ward. The group for which I work at Sheffield 

also has access to individual-level death data over this period. After retrieving the VS files from 

the Economic and Social Data Service (ESDS) service at the University of Essex, it became 

apparent the data would require a huge amount of work to re-aggregate to the study areas. This is 

because each 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 study areas. Paul Norman, at the 
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University of Leeds, has created a time-series with consistent ward geography through the 1990s 

and 2000s, but this has not been done for the 1980s. Also, this time-series only covers England 

and Wales, not Scotland. However, I did utilise this series to validate the totals that emerged 

from the work on the individual-level data (see detail below).  

 

The individual-level data available at Sheffield is kept in three large text files, covering the 

periods 1981-1989, 1990-1999, and 2000-2005, and totalling 15.5 million records. The spatial 

information associated with each death has varied somewhat over time, and between Scotland 

and England & Wales. Hence the datasets have a mixture of full postcodes, postcode sectors (in 

Scotland), Output Areas (more recent data in England and Wales), and in a tiny percentage of 

cases no spatial 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 could be approximated by an aggregation of this set of 

wards and postcode-sectors.  

 

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 full post-code, the National 

Statistics Postcode Directory was used, available through the UKBorders service at the 

University of Edinburgh. 

 

In Scotland, most of the postcode-sectors matched those used for the 2001 census. However, 

some postcode sectors used in the 1980s and 1990s have since been changed. A look-up obtained 

from Royal Mail's website (downloaded from 

ftp://ftp.royalmail.com/Downloads/public/ctf/rm/21sep06_MajorRecodes_to_1999.doc) allowed 

most of these to be matched to current postcode sectors. 

 

C3d. Aggregating data from 1981-2005 to study areas 

 

SMRs have been calculated for the 1980s and early 1990s for these areas by Dorling (1997). 

However, this was done using a method of apportioning data from modern local authorities to the 

study areas, by dividing modern local authorities based 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 on age-banded population available from 

the census and more recent mid-year estimates from ONS, it was felt that aggregations 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 giving sex and age groups 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 an alternative 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 individual-level death data, described in more detail above, also lends itself to a 2001 census 

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

 

C3e. Data validation 

 

Paul Norman at Leeds University has produced an unpublished data series of total deaths from 

1990 until 2006 at 2001 CAS ward level. As a check on my calculations from the individual-

level data, I aggregated the ward-level data provided by Paul Norman to the study areas (as 

defined by CAS wards) for England and Wales for the 5-year periods 1991-1995, 1996-2000, 

and 2001-2005. The total deaths very closely matched those I had calculated.  

 

For the 1980s, 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 boundary data. However, local-authority 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 total deaths against those calculated 

from individual-level 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 

1981-1985 totals matched very 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, I needed population counts by sex and the 10 age groups, for the 290 areas. The most 

reliable, and often the only source, of this data is the decennial censuses. A census has been 

taken every 10 years in Britain since 1801, with the exception of 1941. An emergency census 

was taken in September 1939, as Britain prepared for war. Therefore, the censuses needed for 

this study were 1921, 1931, 1939, 1981, 1991 and 2001. In addition, for the population 

denominator for the 2001-2005 base, estimates produced by ONS for England and Wales (Office 

for National Statistics, 2008) and GRO Scotland (General Registry Office Scotland, 2007) of the 

mid-year population estimates for 2003 were used. 

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

 

¶ 1939 age bands were different to those used in the study; for example 4¾-14¾ years 

rather than 5-15. Therefore it was necessary to adjust the data; to do this it was necessary 

to estimate the number of people aged, for example, 14¾ to 15, and transfer this number 

between groups. 

¶ Scottish age bands for 2003 were slightly different to those used in the study (15 year-

olds were included in a 10-14 group), so again it was necessary to adjust the data. 

¶ 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 time period was 

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

The denominator required in each case was an approximate mid-point of the 4 or 5 year period. 

For the periods in the 1920s, 1930s, 1980s and 1990s, these were calculated by a process which 

assumed a linear change of population between censuses (see table C1). 
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Table C1: A summary of the data used to calculate each denominator 

Time Period Population data used 

1921-25 4
5*census1921 + 1

5*census1931 

1926-30 3
10*census1921 + 7

10*census1931 

1931-35  ¾*census1931 + ¼*census1939 

1936-39  3
16*census1931 + 13

16 * census1939 

1950-53 Dorling data 

1959-63 Dorling data 

1969-73  Dorling data 

1981-85 4
5*census1981 + 1

5*census1991 

1986-90 3
10*census1981 + 7

10*census1991 

1991-95  4
5*census1991 + 1

5*census2001 

1996-2000 3
10*census1991 + 7

10*census2001 

2001-2005 ONS and GRO estimates of 2003 mid-year population 

 

C5. SMR Calculations 

The Standardised Mortality Ratio (SMR) measure compares each of our study areas to Britain as 

a whole for the same time period. It takes into account the number of people in each age 

category, and utilising national death rates for each age group, calculates the number of deaths 

you would expect if 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 have an SMR 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 

each of 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 maps. Each pair maps the same data in each case. 

  

  

  


