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Developing Strategies for Deriving Small Population Mortality Rates
Summary
This working paper is intended as a resource for users intending to create small area
and/or ethnic group mortality rates. It presents methods, data and various strategies
for creating mortality rates for use in population projections. The working paper
introduces the ways of modelling mortality rates, including literature from the
actuarial field. The methods review includes mortality laws, or mathematical models,
and splines. The working paper presents examples using data from the Bradford
district and outlines data sources that could be used to assist in the creation of
mortality rates for Bradford wards and/or ethnic groups (including country of birth
(COB)). While no ethnic-specific age-specific mortality rates (ASMRs) are created,
two strategies of using relational-type approaches are presented for the Bradford wards.
Background information
The working paper originally formed part of the authors PhD research training as a
review of methods and previous research on mortality rates at the subnational-level
and by ethnic group (and country of birth). Basic strategies are presented on how to
deal with small area mortality rates; however, there is no actual modelling/smoothing
of mortality rates. Further to this, while ethnic-specific ward-level death data was
obtained from Bradford Health Authority (HA) (based on name analysis for South
Asian/non-South Asian names), the form of the data meant that it would require
complex data calibration in order to create any useful rates using it and this was
subsequently not pursued (this is all described in the working paper).
The authors PhD was CASE (Co-operative Awards in Science and Engineering)
sponsored by Bradford Metropolitan District Council (MDC) and therefore
demographic rates were created for the thirty electoral wards within the Bradford
district, with the aim that these would then be used in population projections.
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Introduction
This aim of this working paper on developing strategies for deriving small population
mortality rates is to provide useful resources, such as methods and data sources, that
could potentially be used to create the ethnic-specific small area mortality rates which
may then be used in population projections. Where the population of small area will
be taken, in line with work by Simpson et al. (1997:266), Rees et al. (2004:7) and
Williamson (2006), to be approximately 5,000-20,000 people, around the size of an
electoral ward. There are various examples given in this working paper, where
appropriate, using data from the Bradford district, which comprises thirty electoral
wards, illustrating the application of various proposed strategy options to estimate the
mortality rates. Identification of potential users of the information presented here, for
example, people working in Local Authorities (LAs), is considered throughout.
Further, the aims are to provide an overview of the different ways that death/mortality
rates are researched or analysed, with a focus on mortality laws and smoothing, or
graduation, of mortality rates. This working paper then goes on to describe the
collection of data used to create mortality rates for subnational small areas and,
finally, tries to address mortality according to ethnic groups. While there is difficulty
in estimating mortality according to ethnic group, due to ethnic group not actually
being recorded at death registration, it can be crudely approximated by country of
birth (COB) for first generation immigrants, or, more recently, albeit only for those
people of South Asian ethnic origins, name analysis can be carried out on death
certificates. One such name analysis package, called Nam Pehchan, has previously
been executed on Bradford electoral registers and on death records (a discussion of
the study using the death records for Bradford district is provided later in the paper).
Later sections of the working paper on small area and ethnic group mortality present
the examples using data from the Bradford wards, with information on obtaining
deaths data after undergoing name analysis from Bradford Health Authority (HA).
Overall, it is intended that this working paper will be a useful resource, presenting
methods, data and various strategies for creating mortality rates for use in projections.
1.1.1

Terminology for the operators of mortality

At the outset, it should be noted that there may be some confusion over the different
aspects of mortality namely mx the central death rate, qx the initial rate, life table
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probabilities, or mortality rate and µx the force of mortality. Full definitions of these
operators will not be given here; further details can be found in any standard
demography textbook such as by Hinde (1998) or Preston et al. (2001). Users making
population projections will be familiar with mx the central death rate, so called since
‘the exposed-to-risk is an estimate of the number of persons aged x last birthday at the
time the events took place. The average age of these persons is x + ½: they are halfway through (in the ‘centre of’) the year in question’ (Hinde 1998: 11).
The m-type death rates are calculated from the deaths in any particular year divided
by the mid-year population for that year, which is also referred to as the ‘crude death
rates’ in actuarial journals (McCutcheon 1985-1987). In general, the m-type deathrates violate the principle of correspondence, since the people in the numerator could
have died at the beginning of the year, and hence would not be in the denominator
(mid-year population estimate) for the rate calculation. For more details and a fuller
explanation of the principle of correspondence and m-type or q-type rates, as well as
their advantages and disadvantages see Hinde (1998).
The qx rates, or initial rates so called since the ‘exposed-to-risk is defined at the start,
or initiation, of the year of age under investigation (that is, when the members of the
exposed-to-risk celebrate their xth birthday)’ (Hinde 1998: 11). The relationship
between the m-type and q-type rates was originally proposed by Reed and Merrell in
1939, where they changed m-type death rates into q-type lift table probabilities. The
basic formula is given by:

mx
(Smith and Keyfitz 1977; GAD 2004a:58)
1 + 0.5m x
2m x
(Hinde 1998:15; GAD 2004b)
qx =
2 + mx

qx ≅

This applies to the deaths for people aged one year and over; deaths are treated
differently when occurring at less than one year of age, due to the known distribution
of the deaths at the beginning of life. For details on the formulas used to account for
deaths under one year of age, see the English Life Tables (ELT) no.15 (ONS 1997),
the Government Actuary Department ((GAD) 2004b) and the General Register Office
for Scotland (GRO(S)) (GRO 2004).
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Finally, while m-type death rates are investigated by agencies making population
projections (GAD 2004a), it is the q-type mortality rates that are used in the projections.
1.2

Methodologies for modelling mortality

This section reviews the different ways of modelling death/mortality rates (which
could subsequently be used in population projections). A general grouping of these:
•
•
•

mortality laws or mathematical models (curve fitting)
standard or model life tables
relational methods

These approaches will be summarised by referring to previous studies, and examples
of their practical application emphasised where relevant. While it may be unrealistic
to expect producers of population projections in LAs, for example, to administer all
these different methodologies, they are included in order that a comprehensive
methods review is given.
1.2.1

Graduation of mortality rates, including Mortality Laws

This section will describe mortality laws and more broadly cover the smoothing, or
graduation, of mortality rates by mathematical formulae and by splines. Where ‘a
mortality law is a mathematical expression that describes mortality as a function of
age’ (Hannerz 2001b:338). The most famous representation of mortality, that is
described in most standard demography textbooks, is the Gompertz (1825) 2parameter function for the force of mortality, given by µ ( x) = Bc x . This was later
modified by adding in a constant, yielding ‘the constant adapted Gompertz’, the
‘Makeham’ (in 1860): µ ( x) = A + Bc x . These functions are not, however, suitable for
mortality across all ages; they are not, for instance, appropriate for mortality at young
ages (Pollard 1975). Moreover, µx the force of mortality, as it is known, as opposed to
the other operators introduced in this introductory section, will rarely be used in the
projection process and will not be discussed further. Although, it is sufficient to say
here that in actuarial science, all three operators (mx, qx and µx) are modelled. In a
paper on ‘Graduation by mathematical formula’ Forfar et al. (1988) cover the
methods for modelling each of these operators. Although it is now slightly out of date,
it includes the method of splines that has, and is, currently used by GAD and GRO(S)
(McCutcheon and Eilbeck 1975-1977; McCutcheon 1985-87; OPCS 1987; ONS
1997; GRO 2002, 2004).
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Further, when making reference to the mathematical models, models will be described
and examples given of their application on mortality data. A full discussion of weights
used for the mathematical functions will not be attempted. For more details on the
weighting used for mortality rates (and the numbers of knots for splines) see
McCutcheon and Eilbeck (1975-1977), McCutcheon (1979-1981), McCutcheon
(1985-1987) and Congdon (1993), all of which give specific examples of their use in
relation to mortality rates1. In addition, more practically, the aim is to review methods
used by agencies, such as GAD and GRO(S), not to reproduce their work.
In actuarial terms, the smoothing of mortality rates is referred to as graduation,
although the definition of graduation can change:
In the course of time the term ‘graduation’ has been both extended and
narrowed in its application, according to the particular interests of the
writers. (Benjamin and Pollard 1980:239)
where
Graduation may be regarded as the principles and methods by which a set
of observed (or crude) probabilities are adjusted to provide a suitable basis
for inferences to be made and for other practical calculations to be made.
One of the principle applications of the graduation is the construction of a
survival model, usually presented in the form of a life table.
(Haberman and Renshaw 1996:411)
In addition:
For the English Life Tables [ELT], the intention of this smoothing (or
‘graduation’, as it is called by mathematicians) is to replace the crude rates
by a series of graduated rates which, while forming a smooth progression
over the whole age range covered, still preserve the general shape of the
mortality curve. (ONS 1997:1)
Further to this, the different types of processes that are termed as graduation processes
vary. The main forms of graduation are:
•
•
•
•

graphic method
graduation by mathematical formula
graduation by reference to a standard table
oscillatory and spline functions (Benjamin and Pollard 1980:241)

Caution should be taken when using these graduation techniques, as Benjamin and
Pollard (1980:31) warn when commenting on graduation methods. The data must be
fully explored, otherwise what they refer to as ‘true irregularities’ will generally be

1

Regarding knots for splines see McCutcheon (1979-1981:435) or Papaleonidas (1995:15)
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smoothed over. For example, McCutheon and Eilbeck (1975-1977), in investigating
the ELTs, found that at age 17 the m-type death rate was bigger than that for the
surrounding ages. They suggest that this could be due to deaths occurring as a result
of road accidents and further comment that it may well prove necessary to produce
these rates by a ‘hand polishing’ process applied to the crude data (McCutheon and
Eilbeck 1975-1977:287). More recently, the increase in mortality for young adult
males, now known as the ‘accident hump’, has been identified by Heligman and
Pollard (1980), Congdon (1993, 2004), McNown and Rogers (1989) and Hannerz
(2001a, 2001b). This is now accepted as a feature of the male mortality experience.
However, it illustrates that, despite being originally exposed over 25 years ago at the
country level (from the ELTs), there are still problems with this data, which means
that users may have to rely on unsophisticated ways to deal with the ragged deathrates2. An option which could be used to capture these unusual irregular features are
kernel methods, they were successfully fitted to mortality data by Congdon (1993).
The following sections will describe two principal methodologies that can be used to
fit mortality rates over the whole age range. It was mentioned earlier that the
Gompertz and the Gompertz-Makeham functions are the most ‘famous’; however,
they are not suitable to model the morality rates for all ages.
1.2.1.1 Curve Fitting Mortality rates
Mortality can, due to its known regularities, be modelled using a curve. In general, the
larger the number of parameters can make the process less stable, or overparameterised (Congdon 1993). While there are many facets of mortality, when it
comes to curve fitting, most of the actuarial literature has taken the form of fitting the
qx rates; although there are exceptions and adaptations. For example (Rogers 1986),
uses mx death rates fitted by a modified Heligman-Pollard (H-P) curve (Heligman and
Pollard 1980) - adapted originally by Brooks et al. (1980 cited in Rogers (1986)).
Moreover, due to the regularities in mortality, human mortality can be fitted using
functions with between 2 and 9 parameters. Tabeau (2001:2-13) gives a comprehensive
review of every possible model that can be used to model all aspects of mortality from

2

The term ‘ragged’ (as described by Congdon (1993:238) or ‘rugged’ by Gilje (1969:118) describes
cases where the age-specific rates fluctuate when progressing from one age to the next, as oppose to a
smooth progression from the youngest to the oldest.
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the old non-polynomials of De Moive (1725), to recent non-polynomials and partial
age functions, along with all the polynomial functions, including the H-P curve.
With regards to fitting qx mortality rates, the most common is using the H-P curve,
which is standard in the UN computer package MORTPAK. Heligman and Pollard
(1980) introduced the curve to investigate the age-pattern of mortality, their primary
curves are:
C
q ( x)
= A ( x + B ) + D exp[− E (ln x − ln F ) 2 ] + GH x
p ( x)
8-parameters
C
GH x
q( x) = A ( x + B ) + D exp[− E (ln x − ln F ) 2 ] +
(1 + GH x )
or
9-parameters
C
GH x
q ( x) = A ( x + B ) + D exp[− E (ln x − ln F ) 2 ] +
(1 + KGH x )

The H-P curve boasts that the parameters are easily interpreted in demographic terms.
The parameters, as described and used by Congdon (1991, 1993), when fitting it to
London borough data, breaks down into three curves, these are shown in figure.1:
Figure 1 ‘The age pattern of mortality’

Source: ‘The age pattern of mortality’ by Heligman and Pollard (1980:51)
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The first component corresponds to childhood and infant mortality; this is for
parameters A and B relating to mortality for ages under 1 and C for childhood
mortality (McNown and Rogers 1989). The second curve, given by parameters D, E
and F, represents adult mortality, specifically accounting for an accident hump for
ages around 20, with ‘D related to the severity of the accident hump, E related to its
spread and F indicating the location of that hump’ (Karlis and Kostaki 2002:852). The
third component, for parameters G and H, is the general increasing mortality for older
ages using the Gompertz exponential (Heligman and Pollard 1980). For a more
detailed description of each parameter and their changes over the 1990-1985 period
using US data, see McNown and Rogers (1989).
The original mortality data used to fit the H-P curve was Australian male and female
death-rates for the 3 years 1946-48, 1960-62 and 1970-72. Through least squares
Gaussin-Newton iteration, the parameters were determined (Heligman and Pollard
1980). The results, similar to Congdon’s (1991, 1993), uncovered that the accident
hump is not always properly represented. More recent than the original HeligmanPollard paper, Kostaki (1992) modified the curve to include two parameters E1 and
E2 to deal with the ‘spread of the accident hump to the left and right of its peak,
respectively’ (cited in Tabeau (2001:11)). Otherwise, the fit is reasonable and the
parameters easy to interpret. Originally, in an attempt to remedy the problem of the
accident hump, Heligman and Pollard (1980) modified the original formula. The two
resulting modifications provided curves that fit the data better at all ages (the formula
for the 9-parameter version is given above). They do however note that the changes to
the curve may result in the parameters losing their demographic interpretation.
In an attempt to overcome the problem of over-parameterisation, Congdon (1993) - in
investigating mortality data from London - proposed setting some of the 9 parameters
to a set sensible value, as outlined by Rogers (1986). Initial results indicate that there
is little loss of fit, given by R2, from that of the fuller 9-parameter model (Congdon
1993). On the other hand, McNown and Rogers (1989:648) comment that ‘models are
complex and involve a large number of parameters, their flexibility is necessary to
capture the full curvature of the mortality profile’.
To give this problem some context and relating this to practical application of
mortality curves, Congdon (1993) from his mortality modelling using data from all
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London boroughs over three year periods, concluded that the process was unstable.
Based on this assumption of over-parameterisation and instability when fitting the
data to London boroughs, the process will not be attempted in this working paper for
the Bradford wards owing to the small numbers of deaths involved compared to a
London borough (even if the Bradford ward-level deaths data had been available in,
or were changed to, single-year of age (SYOA)).
Given the general acceptability of the H-P curve for q-type rates, for any users
wanting to use the curve to model mortality data there are two options. First, either to
transform m-rates in to life table q-type rates; this can readily be done by adapted
formulae3. Second, it may be easier for users aiming to smooth death rates to create
the m-type rates, since these can be calculated directly from deaths registrations and
MYEs. Rogers (1986:49) uses the modified Heligman-Pollard 8-parameter curve for
annual death rates - which was by modified by Brooks et al. (1980, cited in Rogers
(1986)) - given by the formula:
d (x ) = d I (x ) + d A (x ) + d S (x ) ,
Where d I (x ) = Q0 for x = 0
γ

= Q1x for x > 0 ,

[

d A ( x ) = Q A exp − ((ln x − ln X A ) / σ )
x
⎡
⎛
d S (x ) = QS ⎢e x X S / ⎜1 + Qs e X S
⎝
⎣

2

] for x ≥ 0 ,

⎞⎤
⎟⎥ for x ≥ 0 .
⎠⎦

Here, as with the original parameterisation, the terms characterise:
•
•
•

I
A
S

infant and childhood mortality
deaths due to accidents and, among females, maternal mortality
a senescent mortality component, which reflects mortality due to
ageing (Rogers 1986:50)

A more detailed description of each parameter in turn is provided by Rogers
(1986:50). The interpretation is essentiality the same as for the original H-P curve for
the q-rates. Furthermore, considering the use of parameterised curves, Kostaki and
Panousis (2001) acknowledge that there is an advantage in using these types of
parametric techniques in terms of interpretability, over that of splines for example.
The point is that there may be preference for mathematical models in which the

3

formula given in the introductory section
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parameters can often be related to specific demographic features. This was also
discussed when comparing curve fitting option with using splines in relation to agespecific fertility rates (ASFRs) by Congdon (1993:238) and Hoem et al. (1981:235).
1.2.1.2 Spline functions for mortality rates
Splines are not a mortality law as such; however, splines have been used in the
graduation of mortality rates for some time now. McCutheon and Eilbeck (19751977) in the ‘experiments in graduation of the English life tables (ELT) no. 13 data’
use splines to create the England mortality rates for the life tables using data from
1970-1972. This was carried on to the ELT number 14 for data from 1980-1982
(McCutcheon 1985-87; OPCS 1987), and to the most recently published ELT number
15 for the ELTs based on mortality from 1990-1992 (ONS 1997). Moreover, GRO(S)
in the construction of the 1990-92 Scottish life tables essentially used the same
method, with the only difference resulting in the construction of rates for the oldest
old (GRO 2002). A definition of a spline is not given in this working paper since they
are described in the PhD by the author (Williamson 2006), definitions are also given
by Greville (1969:1), Kostaki and Panousis (2001:4) and Papaleonidas (1995:15-16).
The use of splines in construction of mortality rates has proved useful as a way to
smooth out the m-type central death rates before changing them into initial rates. This
is achieved using the formula (provided previously) for use in a life table for making
projections and other interesting features - such as calculating the expectation of life
at any given age. This is common practice by GAD and GRO(S) through calculating
the national-level life tables (GAD 2004a; GRO 2002). With the slight exception that
these agencies do not graduate the rates for q0 and the oldest ages, these are estimated
from births and deaths for age zero, and for the oldest ages by extrapolating the qvalues (ONS 1997).
Despite the purpose of splines being used to smooth ragged rates, caution will be
given to anyone attempting to do so for the small areas/groups, for the main reason
that the mortality rates could simply be too ragged and that they may be smoothed to
unrealistically. In other words, the data may be smoothed into an age-pattern not
actually realised in the underlying data. For example, in creating the ELT number 15,
GAD comment with reference to ungraduated country-level rates that these ‘…are not
suitable as the basis for a standard life table because they tend to vary erratically from
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age to age owing to the small numbers of deaths involved’ (ONS 1997:1). They are
referring to three years worth of deaths, those that are used in the mortality rate
calculation, as a small amount of deaths.
1.2.1.3 Conclusions on the graduation of mortality rates
In conclusion, the methods outlined in this section have all been used on large
numbers of deaths at the national-level. For this reason they will not be attempted at
the subnational Bradford ward-level, considering the quote from the creation of the
ELT, using three years worth of deaths, the rates created are ragged. Finally, Preston
et al. (2001) comment
Fitting mathematical functions to age patterns of mortality requires
accurate data on morality at certain ages. […] Tabular representations of
model age patterns were developed to deal with situations of missing,
inadequate, or in accurate data. (Preston et al. 2001:194)
The next section covers these model life tables, along with relational methods.
1.2.2

Model Life Tables and Relational Methods

A concise description of what a standard, or model, life table is and why it is useful is:
A model life table is simply a numerical table that gives death rates,
probabilities for survival, expectations of life and other related
information as a function of age. The model life tables are normally based
on empirical observations in large populations believed to have reliable
population and mortality data. The purpose of the model life table is to
substitute for unknown aspects of mortality in a population with limited or
unreliable mortality data. (Hannerz 2001b:338)
The most famous collection of model life tables were produced by Coale and Demeny
for the UN in 1966. Their collection was for four different set of types, that is East,
West, North and South (Shryock and Siegel 1976; Coale et al. 1983; Preston et al.
2001). Where these standard tables can be used as a proxy when there are unreliable
sources for making estimates of the mortality of the underlying population.
In terms of application, in the context of this working paper for the specific problem
of small areas, model life tables could be used that have been created based on a
larger areas death data. Using GAD mortality rates for England in projections is one
example of using a model life table for projections, since they are widely available
and free from the GAD website. Alternatively, given a higher degree of expertise, a
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user could attempt a relational approach as demonstrated by Congdon (1991, 1993)
for London boroughs, using the overall London life table as a standard.
Relational methods in their classic form can be complex and requiring extra data and
specialist knowledge. ‘A relational method is a mathematical expression, which
relates to mortality in one population to that in others’ (Hannerz 2001b:338). The
most well know demographer who developed these is William Brass (for example, his
1971 chapter ‘On the scale of mortality’). Zaba (1979) also used relational methods,
as has Ewbank et al. (1983), Congdon (1991, 1993) Hannerz (2001b), Murray et al.
(2003), Bhat (2004) and Woods et al. (2005). In addition, Hannerz (2001b) combines
relational methods, mortality laws and model life tables to model Swedish data.
Relational methods are useful as they have many benefits in relating mortality
behaviour in a population where there is poor mortality data, to that of a population
that is known to have sufficient or reliable data, and require less parameters (Preston
et al. 2001). Despite being useful, relational methods in their true statistical form will
not be fully described, since they may be beyond the scope of creating mortality rates
by LAs, for example. Nevertheless, as discussed, relational methods have previously
been used subnationally by Congdon (1991, 1993) on London boroughs, relating the
boroughs to the overall London life table as a standard. More recently, Woods et al.
(2005) used a relational approach when exploring mortality by Government Office
Region (GOR), deprivation quintiles, and both, in England and Wales, where the
deprivation measure was the income domain of the 2000 (Index of Multiple
Deprivation) IMD and the standard was from the GAD ELTs. Moreover, the latter are
at present developing a program that will run in the statistical software Stata for users
to download. Options will vary from the simple Brass 2-parameter version to the
Ewbank et al. (1983) 4-parameter model (Woods, L. personal communication). This
means that the relational methods may become more accessible to users that are
required to estimate mortality rates when faced with less reliable mortality data.
The intention of including this section on model life tables (and relational methods) is
to emphasise that over the past fifty years other countries have been using standard
life tables in the absence of reliable data. It is not a new concept to use life tables that
are based on similar conditions; and it will be recommended (and demonstrated later
in the chapter) that users intending to make population projections for small
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areas/groups could use national-level data as a standard, combined with local death
counts to constrain the mortality level.
1.3

Subnational Mortality

Given that the emphasis is on small areas/groups, in an attempt to include rates below
the national-level, the methodology that Office for National Statistics (ONS) uses for
subnational population projections (SNPP) is briefly detailed. The method comprises:
using the past few years’ death registrations to provide subnational agespecific rates, given for each year of age to apply to the population (ONS
1999, 2004a, 2004b). The deaths used to create the mortality rates in the
1996-based SNPPs were taken from the years 1993-1996. More recently,
deaths from the period 1997-2000 were used for the 2000-based shortterm SNPP, and from years 1999-2003 for the 2003-based long-term
SNPPs (ONS 2004a, 2006a). It has been projected (in 1996-based SNPPs)
that from the pattern of deaths there will be a reduction until 2011, and
then an increase to 2021. This reflects or anticipates the post-war baby
boom cohort, which will by then be at a high-risk (older) age (ONS,
1999). Overall, SNPP deaths are constrained by the national-level
projected deaths (Wood et al. 1999:22; ONS 1999, 2004a).
(adapted from Williamson 2006)
However, these sets of ASMRs for subnational areas ‘building bricks’ (essentially
districts) are not offered for wider use, meaning that users from LAs would still have
to use the GAD standard rates for projections in the absence of adequate data to create
their own (or use another approach). In previous sections some subnational mortality
analysis has been mentioned, Congdon (1991, 1993, 2004) carried this out. This
section details easily accessible data sources that could be exploited to create
subnational mortality rates, gives potential data problems and provides examples of
ways that can be termed relational approaches. These practical examples are applied
to the Bradford wards and could readily be reproduced for any other small areas.
1.3.1

Data and potential problems in creating subnational mortality rates

The data most LAs will have readily available in order to create mortality rates will
come from the vital statistics (VS) data. These are available from the ONS and are
tables of deaths by five years of age for each calendar year. The exception is those of
the infant deaths, the 1-4 year olds, and then the highest age group - which is banded.
The lowest output area available at present is the ward-level. Thus, at best one could
create age-specific death rates by 5-year age-groups using an average of a few years
of deaths in order to smooth over fluctuations in the distribution of deaths that occur
13

in a single year. GAD and GRO(S) use an average of three years worth of deaths and
then a formula to weight out three years of populations (the denominator) to create the
age-specific mortality rates4. Further, there are others problems when trying to
operationalise the deaths and the population data into rates. The problems of five-year
data and of how to handle the central m-type death rates are considered in turn.
1.3.1.1 Base population for the ASMRs
For the most part in trying to create rates for small areas, such as wards, it was not
possible to have access to accurate population counts (to make MYEs from) for years
other than Census years. Previously ONS only produced subnational estimates at the
‘building brick’ level (ONS 2002), however recently (April 2005) the SAPE team at
ONS produced mid-year ward-level population estimates (termed ‘experimental
statistics’) (ONS 2005). The ward-level population estimates are by quinary agegroups for England and Wales for the 2003 ward boundaries. Nevertheless,
previously, there were other ward-level population estimates these
were the 1991 EWCPOP estimates (from the Estimating with Confidence)
EwC project) and the 1998 DETR (now ODPM) estimates (created by the
Social Disadvantage Research Group at Oxford University). The 1991
EWCPOP estimates are by quinary age-groups and sex, and are adjusted
for undercount (CDU 1999). The 1998 ward-level estimates are not by
quinary age-groups, they are only broken down by age-groups: under 16,
16-59 and 60+ (ONS 2006b, 2006c). (Williamson 2006)
In addition, Congdon (2004) did manage to gain access to ward-level data for the
years 1986-2000, by five-year of age-groups, based on data from the Compendium of
Clinical and Health Indicators and GP registrations. Even though it is impressive to
have access to year on year ward estimates, Congdon (2004) found however, that not
all population estimates were in line with the 2001 Census results.
1.3.1.2 Five-year mortality rates to ASMRs
If there is sufficient interest in expanding the five-year rates into age-specific rates
there has been work carried out over the years by Kostaki (1987 and 2000 cited in
Kostaki and Panousis (2001)) and by Kostaki and Panousis (2001), where Kostaki and

4

Noting the formula used is not given or discussed, for more details see ELT no.15 (ONS 1997) and
GRO(S) website, and as Hinde (1998:39) comments that it is calculated ‘using a rather complex
procedure’.
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Panousis (2001) state there is also a feature to do so in the UN package MORTPAK.
To achieve this firstly a life table has to be constructed and only then it is possible to
‘expand’ the abridged life table to age-specific rates. Kostaki and Panousis (2001)
offer reviews of different methodologies that can be used to ‘expand the life table’
and these include:
•
•
•
•
•
•

Heilgman and Pollard 8 parameter curve
Natural spline interpolation
Complete spline interpolation
Langrange interpolation
Non-parametric relational technique
An Heilgman and Pollard 8 adjusted method
(Kostaki and Panousis 2001)

These are possible ways of handling five-year mortality rates in order to create agespecific rates; however, in practice they may not be a realistic option. Kostaki and
Panousis (2001:12) comment that despite the parametric methods giving the better
outcomes they ‘require advanced software’, yet they comment that advanced software
problem is also true for spline techniques.
1.3.1.3 The use of m-type death rates in projections
Concerning the use of m-type central death rates in population projections, it is usual
practice to use q-type mortality rates, or probabilities, in population projections. The
way in which agencies exploit these rates in projections varies. For example, ONS do
not use a straightforward population multiplied by the death rates calculation, it also
takes into account some of the migrants for the year (GAD 2004a).
The forecasting package developed by Bradford Council and Andelin Associates
called POPGROUP has been used to assess rates created through the different strategies
(for both rates created in this working paper and the author’s PhD research). The
projection calculations/methodology used in the POPGROUP package differs slightly
from that used by GAD. With respect to mortality the POPGROUP package does not
apply the mortality rates to any of the migration taking place, the full calculations
used to create the population projections can be found in Andelin and Simpson
(2005:69) or summarised by Williamson (2006).
In trying to decide what set of rates to apply to a population, ONS in the methodology
section offers an explanation of how it creates and why it uses the q-rates:
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The qx rates in the projections are the result of two interpolations. The first
interpolation takes place between the qx rates for adjacent calendar years
and produces rates on a mid-year to mid-year basis. The second
interpolation is between adjacent ages and gives a set of qx rates that, in
life table terms, relate to exact age x+½ on a mid-year basis. These are
assumed to be applicable to the mid-year population at age last birthday.
(GAD 2004a:58)
In practice this process may be far too data intensive and time consuming to perform
in order to create small area/group mortality rates in LA research departments.
This is in contrast to recommendations in the POPGROUP users guide worked
examples, where it is suggested that users could create their own ASMRs for use in a
population projection from the VS data at the district-level (Simpson 2001). This
would mean using the m-type death rates in the projection rather than the q-type
mortality rates if these were calculated. However, Simpson (2001:36) does state that
the actual numbers of deaths occurring at this district-level will probably be small,
which could be hinting at the reliability of doing this.
1.3.2

Examples of two relational-type options for small group mortality rates

This section details relational-type approaches for small area mortality rates that can
be achieved using the projection package POPGROUP. The examples are for the
Bradford wards. Before the examples are described, the average number of deaths for
the Bradford district for ages under 75 are given in the table 42. These are for the four
Bradford Primary Care Trusts (PCTs), information on the electoral wards that are
included in the PCTs are in appendix 15.
Table 1 Average of 1995-2000 deaths in the Bradford disrict for all causes (for ages under 75)
PCT
Airedale
Bradford City
North Bradford
Bradford South & West
Total

Average Annual deaths
Male
Female
Both
262
194
456
333
200
533
255
181
436
379
252
631
1229
827
2055

Male
93
139
113
118
115

SMR
Female
98
140
111
113
114

Both
95
139
112
116
115

Source: Bradford Health Authority (2001)

5

The thirty Bradford wards are the 1991 based Bradford wards and not the new electoral wards
following the recent boundary changes.
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From table 1 it can be acknowledged that Bradford district overall has higher
mortality than at the national-level, given by the Standard Mortality Ratio (SMR)6 of
over 100. However, this table was included for another reason; this is the first time
actual number of deaths has been presented. This is to illustrate exactly how small the
average death counts for Bradford as a district and the four PCT are, where obviously
going below this to the ward-level means even smaller numbers of death, especially
when considered by SYOA (in addition, if also considered by ethnic group these
counts would be even smaller). The counts of deaths for both sexes range from 47 in
the ward Ilkley (SMR of 72), to 85 deaths (SMR of 147) in the University ward7.
While Bradford HA does produce SMRs by ward, a strategy of how to indirectly
estimate ward-specific SMRs using the POPGROUP package are detailed next.
1.3.2.1 Using VS data and SMRs in the Bradford ward-level projections
The basis for this strategy is to use the national-level sets of q-rates from a standard
life table and to adjust these for the area/group of interest. This can be carried out in
POPGROUP. When the latest GAD national-level q-rates are made available, users can
simply either add in mortality counts for any ‘group’ of interest or add in a precalculated SMR for the areas/groups. The effect will change the overall level of
mortality, however, the ‘group’ still retains the age-structure of the original GAD
ASMRs specified in the POPGROUP package, hence a relational-type approach. In the
case of the thirty Bradford wards, users of POPGROUP could enter pre-calculated
SMRs which will be more detailed than using only the GAD England mortality rates.
As shown in table 1, below the district-level, the corresponding SMRs for the four
Bradford PCTs could be entered for each ward.
Another more detailed example would be to use death counts from the VS tables and
enter these for each ward; the process of how the natural increase ward-level Bradford
projection (no migration) was constructed was detailed in Chapter 4 (section 4.4.3.1
including data sources and assumptions) of the PhD research by the author

6

‘The SMR is the ratio of the actual number of deaths in population A [for example, the Bradford
district or wards] to the number of deaths that would be expected to in population A if it experienced
the age-specific death rates of the standard population [for example, GAD England rates]’. (Hinde
1998:23)

7

Based on average of deaths for years 1995-2000 for ages under 75

17

(Williamson 2006). Essentially, this projection is using GAD rates as the assumptions
for fertility and mortality, and then entering VS data to make the projection more
localised. For the mortality component, this would be to enter the death data as midyear deaths, which will change (raise or lower) the level of mortality in each of the
wards while retaining the age-specific pattern of it as given by the ‘standard’ schedule
of (GAD England) rates. Therefore the SMR for each ward will be an adjusted based
on the localised death counts from the VS data (the adjusted SMRs are provided in the
‘components’ summary POPGROUP sheet). Figure 2 displays how this works; for
simplicity only the Bradford district and one ward, University are shown in the chart.
Figure 2 Chart of SMRs from Popgroup (over period when VS data was entered) males only
from Popgroup (components sheets)

160

Bradford district (GAD only)

140

University ward (GAD only)

SMR

Bradford district (VS data)
University ward (VS data)

120

100

80
1991

1992

1993

1994

year

1995

1996

1997

1998

1999

Source: The data displayed in the chart was from a previous population projection for Bradford using a base population that was
not scaled to the most recent revision of the ONS 1991 MYEs. Nevertheless, all the methods to create it, outlined in chapter 4 of
the author’s PhD (Williamson 2006), are the same and it will still serve as valid test data for the strategies demonstrated here.

From figure 2 it is shown that for the projection using the only the GAD England rates
the SMRs are 100 (this means it is the same as the ‘standard’). However, when VS
data are included in the projection this changes the mortality level. Similar to the
SMRs displayed in table 1, Bradford’s overall mortality level is above England’s.
Furthermore, the implied SMR for the years in which the VS data has been entered for
use could be used to create a SMR for use in projecting into the future. In Williamson
(2006: section 4.4.3.2) there was an example of this using the Bradford ward-level
data and it was suggested, based on an investigation of various years worth of SMRs,
to use an average of the last three years SMRs for which VS data was entered to
produce a future ward-specific mortality differential for the projection.
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1.3.2.2 Using POPGROUP to create ASMRs for the Bradford ward-level projections
Another relational-type strategy in order to obtain subgroups’ actual ASMRs, as
oppose to SMRs, would be to exploit the ‘dump-file’ created in POPGROUP. The
dump-file holds the information for all years and it is what is re-packaged to create all
projections in the output files. It is the behind the scene part of the POPGROUP
projection process. For example, if VS data were entered for wards, ASMRs for the
Bradford district and all the wards could be indirectly created. This would be to use
the GAD England ASMRs as the ‘standard’ to which their mortality was related to.
To give an example, ASMRs for males in 1991 for both the Bradford district, and for
the ward University, produced by taking the ‘workings’ from the projection process to
create the ASMRs. This was achieved by using the 1991 population as the base
population (and the projected male births as the newborns). Then the deaths were then
averaged over the three years 1991-1993 to create the 1991 ASMRs (three years were
used to reduce the degree of raggedness of the rates), these are shown in figure 3:
Figure 3 Males only ASMRs for 1991 Bradford district and Univeristy from POPGROUP (log scale)
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Source: Same as figure 2, this is taken from an older population projection for Bradford using a base population that was not
scaled to the most recent revision of the ONS 1991 MYEs, where the purpose is to demonstrated the strategy here.

From figure 3 (on the log scale) it can be seen, as was pointed out earlier, that for
males, in general, the Bradford district has higher levels of mortality than England.
Moreover, it may be observed that the implied age-specific deaths (originally from
using the GAD rates with level defined by the ward births), even when averaged
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across three years to create the ASMRs, that these are much more ragged than the
GAD England ASMRs. This is most evident for the ASMRs for the ward University;
this is the small numbers problem and highlights the potential for smoothing rates, the
problem is also stressed/shown throughout the PhD by the author (Williamson 2006).
1.3.2.3 Conclusions on relational-type approaches
The strategies described in this subsection, while they are not true relational
approaches to mortality data, are options that could be easily implemented in the
projection of small area/group mortality rates, by LAs for example, where access to
deaths data is limited. Moreover, since these strategies are based around POPGROUP
any POPGROUP user could create them. In addition, in obtaining ASMRs from using
the ‘dump file’ an H-P curve could be fitted to them to smooth the ragged rates.
1.4

Mortality data sources according to ethnic groups (including COB)

The literature that has been covered so far has been a methods review of modelling
mortality rates at the national-level. Then subnationally, after some general issues
were addressed, two strategies of how using a relational-type approach for estimating
small area mortality were presented. In addition, it was reported there has been some
research on mortality for wards and boroughs in London (Congdon 1991, 1993, 2004).
The focus of the working paper is on small areas and ethnic groups; it is at this point
that ethnic group mortality is considered. Before engaging in the literature, it must be
acknowledged that, similar to creating ethnic-specific fertility rates (as discussed in
detail in Williamson (2006)), ethnic group is not recorded in the registration data,
which makes the process of estimating mortality rates by ethnic group difficult.
Therefore, this section also considers previous mortality research using country of
birth (COB) and ethnicity. Traditionally, country of birth has been asked at death
registration, and this has typically been used as a proxy for ethnic group mortality.
Previous research on mortality by migrants and COB has been carried out by Marmot
et al. (1984), Balajaran et al. (1984), Balajaran and Bulusu (1990), Harding and
Maxwell (1997), Wild and McKeigue (1997), Harding and Balajaran (2001, 2002)
and Storkey (2002), Harding (2003, 2004). Of which Harding and Balajaran (2002) in
their chapter ‘Mortality data on migrant groups living in England and Wales: issues
of adequacy and interpretation of death rates’, provide a review of all the pre-2000
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work mentioned above using COB, detailing when the research took place and what
data was used in the study (with the exception of Balajaran and Bulusu (1990), which
is reviewed by Storkey, (2002)).
This section gives details of recent data sources that could be exploited to estimate
mortality by COB and ethnicity and provides information from previous research on
mortality, with the aim of using the information to set mortality assumptions for use
in ethnic group population projections.
1.4.1

Data sources for estimating mortality at the national-level

This section considers mortality at the national-level. The process of estimating
mortality by ethnic group and COB even at the national-level proves difficult. Unlike
fertility, for example, other data sources cannot give any information or intentions on
mortality. Using data from surveys, such as the Labour Force Survey and General
Household Survey, these obviously do not account for deaths. Previously, in trying to
determine mortality rates by ethnic origins due to the lack of data, in the 1970s for
example, resulted in mortality rates for the UK applied to the people of NCWP origins
(an old rather crude categorisation of ethnicity based on people of the New
Commonwealth and Pakistan), as they were assumed to be the same (OPCS 1979:22).
Recently things have improved. When attempting to establish mortality rates
according to COB and ethnic group cross-sectional data from the Census and death
registration data and could be used to build up an age distribution, by COB (as a
proxy for ethnicity). This was first carried out by Marmot et al. ((1984), cited in
Harding and Balarajan, 2002:115) in using 1971 Census data. The other main data
source which could be used is the Longitudinal Survey (LS), which can be linked to
death registration data, although numbers for minority groups is relatively small. To
aid understanding of these sources and potential weaknesses in operationalising them,
a table created by Harding and Balarajan (2002) is reproduced:
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Table 2 Data Sources which can be used to calculate mortality rates in England and Wales
Sources

Country
of
birth

Ethnic
Origin

C.O.B. grandparents or
parents

Ethnic Origin
of grandparents or
parents

Cover
age

Quality of data

Country of birth reported
by relative of deceased
maybe different from that
reported in the Census
1. Under-enumeration of
some groups in specific
geographical areas
2. May contain
migrations who return to
home countries, leading
to inflation of
denominators.

(COB)
Unlinked
Death
registrations

Yes

No

No

No

100%

Census

Yes

1991/
2001

Question asked
in 1971 Census

No ^

100%

Yes

1971
(South
Asians)~
1991/
2001

Data in nonmembers' files,
could be linked
to memebers'
data

Data in nonmembers' files,
could be linked
to memebers'
data

1%

Linked
ONS
Longitudinal
Survey

1. Loss to follow-up at
older ages can be up to
30% for some groups
2.Small sample size

~ Question not asked in 1981and 1991 Censuses but if the person was usually resident in the household it could be derived using
relationship to head of household
^ Question not asked but if the person was usually resident in the household, ethnic origin could be derived using relationship to
head of household.
~ Special exercise to identify South Asian names
Source: Harding and Balarajan (2002:116,table1)

In attempting to appreciate ethnic group mortality by using COB as a proxy for the
death registration information, as with most of the data sources, can often be flawed.
Harding and Balarajan (illustrated in the table 2), uncover another problem when
filling in the death certificate. They suggest that there may be wrong mortality
calculations for people from Pakistan. Pakistan used to be part of India, and especially
if estimated wrongly this will affect the mortality rates. Moreover, Harding and
Balarajan (2002) identify a reliability problem in using these data sources, due to the
few deaths in the younger groups, even when combined over a few years.
In addition, if subsequent analysis was to be carried out on death registration data,
there could be further problems. This is due to family members, when filling in their
occupation may fill them in subjectively, making the deceased more important or of
better status than they really were (Townsend and Davidson (1982) and Nazroo
(1998) cited in Aspinall (2001:852)). This is of course true for a deaths registered of
any ethnic group, however if conducting research into social class and ethnic
group/COB mortality this is another important consideration. In considering infant
mortality, for example, (based on deaths where the father was on the registration
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form, using his occupation), ONS report variations according to social class. ONS
show that the infant mortality rate for social class I is 4.5 deaths per 1,000, while this
rises to 8.8 for social class V (for England and Wales 1993-1997 (Cooper, 2001:189)).
Refocusing on creating ethnic group mortality rates, Harding and Balarajan (2002)
outline six main areas that are problematic when trying to calculate mortality rates for
minority groups, their headings are given below:
•
•
•
•
•
•

Misclassification at Census and death registration
Heterogeneity within country of birth grouping
Children born in Indian subcontinent whose parents were British
Return migration of older migrants
Generational differences in mortality
Changes in Mortality rates with increased length of residence in
the UK (Harding and Balarajan 2002:119-124)

Storkey (2002:108) likewise discussed that countries can have people born to different
ethnicities within them, which causes difficulties if trying to estimate mortality rates,
and provides an example from of people of ethnic group White who were born in
India. Moreover, previously the Office for Population Censuses and Surveys (OPCS,
now ONS) in creating the estimates made allowances for people who were White in
the deaths by COB accounting for NCWP origins (Shaw 1988:29).
The issues listed above are becoming all too evident. Mortality rates are being
produced, with questions over how to account for or to deal with the problems that
impact upon the rates. Most of these difficulties will hopefully be remedied in the
future by the availability of more reliable data to challenge these problems. Moreover,
these problems listed are not restricted to creating mortality rates, with the exception
of the ‘return migration of older migrants’, all the problems are also applicable when
attempting to create ethnic-specific fertility rates.
Notwithstanding, Harding and Balajaran’s work considers COB and also ethnic group
data from the LS, the suitability of the findings based on small sample sizes, and they
extend this to consider people from the first and second generation for some of the
main ethnic groups by certain age-groups, where numbers are small (Harding and
Balajaran 2002). Their main measure of mortality being the SMR, although broad
banded age-specific death rates by country of birth are presented for 1988-92 using
the LS for ages 20-70+.

23

Since the emphasis of the working paper is on ethnic group and not COB, the
previous research on COB will not be covered in detail. In addition, given that time
has passed, many of the people in the ethnic group categories are now not readily
identifiable by using the country of birth as a proxy. Table 3 adapted from Harding
and Balajaran (2002) using the LS that shows by ethnic group ratio of those first and
second generation ethnic groups.
Table 3 Number of persons amongst first and second generations ethnic groups in the 1991 Census
Number of persons amongst first and second generations ethnic groups aged under 65
years in the 1991 Census and living in England and Wales.
Ethnic origin at the 1991 Census
Sample size ratio of second to first generation
First generation South Asians (total)
12,391
0.59
Second generation South Asians (total)
7,261
First generation Indian
6,968
0.55
Second generation Indian
3,801
First generation Pakistani
3,557
0.80
Second generation Pakistani
2,847
First generation Bangladeshi
1,866
0.33
Second generation Bangladeshi
613
First generation Black Caribbean
2,306
1.18
Second generation Black Caribbean
2,728
First generation Black African
1,562
0.51
Second generation Black African
794
First generation Chinese
1,213
0.36
Second generation Chinese
438
Source:

Adapted table no 5 from Harding and Balajaran (2002:119) from ONS LS, 1991 cohort followed up to 1991-7
[adapted into include a ratio]

Admittedly, this ratio only can represent these generational differences based on the
sample of people included in the LS. The LS is intended to be a 1.1% sample of the
whole population (ONS, 2004c) and could be an indication that for some ethnic
groups, for example, for general South Asian ethnicity, there is over half of the
population who were classified as South Asians are second generation, which would
render mortality rates by COB wrong when applied to all South Asians.
For the projection process, it is may also be useful to consider mortality at the
youngest ages. For despite the vast improvements in infant mortality in the last fifty
years there are still vast differences between different countries and within countries
(and subnationally, as was shown for Bradford in figure 3 previously). Storkey
(2002), Harding and Balajaran (2002) and Cooper (2001) have explored literature on
infant mortality by COB for the mother. Their findings are condensed in table 4:
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Table 4 Mortality rates for under 1 year olds - various sources based on mothers COB
(2)
Source:
Infant mort.
Presented in
rates, 1996, by
table 11
mother’s
Harding and
country of
Balajaran
birth, England
(2002)
and Wales
Country of
Perinatal Neonatal Postneonatal Country of
Infant mort.
Birth
mortality mortality mortality Birth of
rate per 1000
mothers
births
UK
7.9
4.4
3.2
UK
5.8
India
9.9
5.9
2.7
India
5.4
Pakistan
14.2
7.4
5.5
Pakistan
10.1
Bangladesh
10.9
3.8
2.3
Bangladesh
6.3
East Africa
10.0
5.1
2.3
East Africa
6.1
Caribbean
13.3
7.5
4.3
Caribbean
8.4
Commonwealth
Rest of Africa
13.2
7.6
3.5
Source:
Presented in
table 5.4
Storkey
(2002:112)

(1)
Perinatal, neonatal and postneonatal
mortality (deaths per 1000 births) by
mother’s country of birth, England
and Wales, 1989-91

(1)Original source Balarajan and Raleigh (1995)
from Bardsley and Lowdell (1999)

(3)
Infant mortality rates,
1993-1997
For England and Wales
(not UK)
produced by ONS
(Cooper 2001)
Infant mortality rate
per 1000 births
5.9 (England & Wales)
5.9
11.7
6.7
7.1
(all non-England &
Wales born mothers)

(2)Original source Davey Smith et al (2000) (3)Cooper (2001:192)

These infant mortality rates could be considered for use in a population projection,
since they are at least still capturing first generation general behaviour for the non-UK
born populations (since they are by the mother’s COB). Although, admittedly these
rates may be different from the UK born ethnic group populations that the COB rates
are being used to approximate, which again may render these rates incorrect.
Considering ethnic group infant mortality directly, Simpson (2002:58) reports that
research by Bradford MDC and ONS found that for ethnic groups Pakistani,
Bangladeshi and Black, the infant mortality rate is 1.6 higher than for other groups.
1.4.2

Data sources for estimating mortality at the subnational-level

Storkey (2002) in her unpublished thesis discusses both the mortality by COB and the
possibility of mortality rates by ethnic group either at the borough-level or for London
as a whole. Specifically in relation to projections, Storkey (2002) reviews and
proposes many different methodologies for mortality by COB for London that could
potentially be used in projections. One method was carried out by the London
Research Council (LRC 1995) for the period 1998-1990 and another on which she
was involved in by Bardsley et al. (2000) investigating mortality for the period 19961998. The first method considers mortality for ages 46-64 only for nine different
COBs. Storkey has concerns over the results however, based on the base populations
that were used to calculate the rates, age structure and sample sizes (Storkey
2002:114-115). The second method involved four differing methods to create a base,
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or ‘exposed to risk’ population in order to estimate the mortality rates by COB based
on average deaths from death records (Storkey 2002:115-119).
Since the wider PhD research by the author focuses on using data from the Bradford
district, an investigation of country of birth and ethnicity was undertaken, displayed in
table 5 below. This was an attempt, similar to that of table 3 using the LS, to gauge an
understanding of the UK-born generations for non-White ethnic groups; to determine
if COB rates will be useful in population projections. Unfortunately, since the data
was taken from the standard 2001 Census tables there could not be a true first or
second generation breakdown. The distinction used was born in UK or not, and to
account for generation, only taking people aged 0-19.
Table 5 Country of birth UK, for region Yorkshire and the Humber (2001 Census table C0004)

Ages
All ages
ages 0-19

All
Ethnic
Groups
94.75%
97.41%

All nonwhite
ethnic
groups
50.54%
84.82%

Black or
Black
British:
Total
48.64%
73.03%

Asian or
Asian
British:
Indian
53.64%
93.49%

Asian or
Asian
British:
Pakistani
57.39%
90.68%

Asian or
Asian
British:
Bangladeshi
48.84%
82.99%

Chinese,
Other,
Mixed and
Other Asian
61.10%
84.84%

Source: calculations from the 2001 Census table C0004 AGE AND COUNTRY OF BIRTH BY ETHNICITY

Table 5 presents for the Government Office Region (GOR) of Yorkshire and Humber
(which includes the Bradford district) the percentage overall of people born in the UK
and also for ages 0-19. This is for all people and for some ethnic groups. Again, it can
be appreciated that especially for Asian ethnic groups that to use mortality rates (and
indeed other demographic rates) based on COB would not be capturing the full ethnic
differences in the population, due to second and third generations.
It can be seen that when infant mortality is considered, for example, subnationally,
even at the GORs, that there are differences, presented in table 6 below:
Table 6 Infant mortality rates (per 1000 live births 1993-1997) by mothers country of birth

Mother’s country of
Birth
England and Wales
Yorkshire and Humber

England
or Wales
5.9
*6.6

Not born in
England or
Wales
7.1
*9.3

Scotland
5.8
6.3

Other
European
Union
5.5
-

Bangladesh
6.7
-

Indian
5.9
-

- the rates for areas with less than 20 infant deaths for the combined 1993-1997 period have not been calculated because of the
small numbers involved
Source: ONS publication (Cooper 2001:192)

Table 6 shows that overall, similar to what was shown at the national-level, mothers
who were not born in England and Wales have higher rates of infant mortality.
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Pakistan
11.7
13.6

However, when broken down this is not the case for all countries; for example, for the
mothers COB of Scotland, Other European Union and Indian the rate is not higher.
This suggests caution in using a ‘fits all’ non-England COB mortality rate. Table 6
also stresses the importance of using subnational mortality differentials, and the
difficulty in creating these due to small numbers. For example, the GOR, Yorkshire
and Humber, has in all cases higher infant mortality than for England and Wales
(where there is sufficient data). Further to this, when considering mortality
differentials at the GOR, there are also marked differences by social class. For
example, Cooper (2001:189) notes that the largest differences between social classes
V and I for infant mortality occur in the GOR of Yorkshire and Humber. This is from
under four deaths per 1,000 for social class I to over nine for social class V.
1.4.3

The Bradford mortality data

The previous research presented was either for England and Wales, or by GOR, which
may not be entirely relevant to Bradford wards. Given the socio-economics of the
country as a whole, or even at GOR, these characteristics will be different to people
resident in the Bradford district and the wards within it (this is highlighted in the
author’s PhD (Williamson 2006). Overall, this section tries to assess potential uses of
mortality data related to Bradford with a focus on mortality according to ethnic group.
1.4.3.1 Deaths and mortality by South Asian and Non-South Asian
This section initially considers mortality in the Bradford district by COB, and then
presents research using COB and name analysis. The aim here is to present sources of
previous mortality research in Bradford, with the potential for use in projections.
Previously research has been undertaken by Bradford MDC considering COB and
ethnicity broadly by South Asian and non-South Asian origins. For example, Storkey
(2002) presented a table produced by Bradford HA for Bradford MDC (1995), which
gives SMRs by COB this is shown below in table 7.
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Table 7 SMR by Country of birth for Bradford from 1998-1992
Country of Birth
Asian
Non-Asian
India
Pakistan
Bangladesh
All groups

No. of deaths
(all five years)

SMR

SMR 95% Lower
Confidence Limit

SMR 95% Upper
Confidence Limit

521
10,326
171
315
35
10,847

100.1
112.5
135.9
96.5
129.4
111.9

91.7
110.4
116.3
86.1
90.1
109.8

109.1
114.7
157.9
107.7
179.9
114.0

Source: Table 5.5 presented by Storkey (2002:113)

From table 7 it is shown that overall taking account of mortality by country of birth,
Asians have a SMRs (of 100.1) which is closer to that of national-level, than for
Bradford district, which has a higher SMR (of 111.9). Although, considering Asian
countries of birth as one large group masks the high SMRs of people born in India and
Bangladesh (even though there are a very small number of deaths for Bangladesh, as
country of birth, for the five year period). Again, as with the research presented in the
previous section, since these are by COB then the SMR will not be accounting for all
people of that ethnic group. Notwithstanding, for use in population projections, the
SMR could be used if it was fully justified, or perhaps using a mid-way between the
SMR for the ward, or district, and the SMRs from the table could be used to provide
an ethnic differential (albeit based on COB).
Around the same time, a small sample study was carried out by Bradford MDC which
was based on COB and also incorporating name origin of the deceased. In general,
name analysis should remedy the problem of whether any ethnic group has a mixture
of UK and non-UK born population. These SMRs based on the name analysis are
shown in table 8 (only for the ages 35-74). Even though the name analysis is only
identifying names of South Asian origins, these SMRs may be more reliable than
using the COB SMRs alone in a projection, since adding in the name analysis is
giving mortality by ethnic group.
Table 8 SMRs from small sample study based on COB and name analysis of deceased
(1988-92 ages 35-74)

Indian
Pakistani
Bangladeshi
All others

Males

Females

147
102
152
115

116
84
109
109

Source: SMRs from Table 2 presented by Simpson (2002:58)
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Table 8 shows overall male SMRs are higher than for females. However, it is not
possible to generalise for South Asian and non-South Asian mortality.
More recently in the Bradford HA produced SMRs based on name analysis from the
Bradford MDC name identification package Nam Pehchan, these are given in table 9
below. Testing using the Nam Pehchan package has proved accuracy of around 90%
(Cummins et al. 1999; Harding et al. 1999; Horner 2004). Table 9 shows the results
from using Nam Pehchan from the publication ‘2001 – A public health odyssey the
journey towards better health in Bradford’. Noting that in the publication there are
charts of the SMRs with confidence intervals (although these are not explicitly given).
Table 9 Bradford Deaths for all causes for ages 35-74 (average over the years 1995-2000)
Ethnicity
South Asian
Non-South Asian
Total

Average Annual deaths
Male
Female
Both
92
46
138
1029
717
1746
1121
763
1883

Male
124
115
115

SMR
Female
131
112
113

Both
126
113
114

Source: Bradford Health Authority (2001)

From the table it can be noted that the SMRs for the South Asians are based on a
small number of average deaths per year. Given the size of the South Asian
population in Bradford and its youthful age structure - hence the small amount of
deaths - the impact of the higher SMRs on the Bradford district SMR is small. These
SMRs in table 9, even though for only two ethnic groups, may be better to use in a
population projection, than SMRs by COB, given that they are directly accounting for
ethnicity. It is acknowledged that there could be problems in the accuracy of Nam
Pehchan or if South Asian names have been anglicised over time, however, to use
name analysis is a step towards uncovering ethnic mortality behaviour that cannot
presently be obtained from any other data source.
1.4.3.2 Preliminary attempt to create age-specific South Asian/Non-South Asian
mortality rates
Given that Bradford MDC has the ability to use the name identification package Nam
Pehchan and has already run such an analysis on recent deaths data, the research
proceeded by investigating mortality according to the two broad ethnic groups South
Asian and non-South Asian at the Bradford ward-level. Using methods already
outlined in this chapter, the intention was to perform some kind of
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smoothing/graduation of the ethnic-specific, age-specific deaths data by ward in order
to create rates, which could then be incorporated into population projections.
The necessary data was requested from Bradford HA/Primary Care Information
Team. This resulted in a lengthy process involving meeting the holders of the
Bradford deaths data to gain access the death data after the name analysis had been
already completed. There were problems in gaining access to the data even though the
PhD research by the author was at the time CASE sponsored by Bradford MDC. For
example, the data request had to pass an ethics board, which meant that, despite
having requested the data in July 2003, it was not until January 2004 that the data was
provided. When the data arrived, the deaths were in 5-year age groups according to
the two broad ethnic groups. These categories had been totalled up for a five-year
period (1995-1999). In addition, many relevant data fields were suppressed due to the
counts being under five.
Originally, the intention was to create ASMRs for each ward according to the two
ethnic groups, South Asian and Non-South Asian. This was not possible, not because
the data was in 5-year age groups, but owing to the presence of empty cells where the
number had been suppressed (because there were fewer than five deaths over the
period). Finally, it was decided that this part of the research was deemed unfeasible,
given the effort needed to get the data into a useable form and due to the very small
number of events (further reasons are given below). In addition, the long waiting time
for the data in relation to the time constraints of the PhD research timetable made it
unrealistic to fully exploit this deaths data.
The suppression of data was anticipated. To overcome this in the data request, many
different sets/combinations of the data were asked for. The intention was then to
incorporate VS data and use the method of Iterative Proportional Fitting (IPF) to
uncover some of the suppressed counts, then apportion out the 5-year rates (for 19951999) by SYOA to 1-year rates. In the end, however, it was apparent that at the wardlevel the counts were too small to be modelled by SYOA. The next option was to
consider mortality within the four PCTs, since some of the data obtained was at the
PCT level. It soon became obvious that the difficulties of pursuing this approach
would outweigh the benefits. First, the correct number of deaths at the PCT-level
would be needed (using IPF) for the numerator of the rate. Second, a reliable
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population base for the 1995-1999 period for to the two ethnic groups would have to
be determined. This denominator would have to be approximated using the 1991 and
2001 Census data. All of which was too time consuming for the PhD research.
1.5

Chapter summary and concluding remarks on strategies for creating small
area and ethnic group mortality rates

The aim of this working paper was to provide an overview of different strategies and
sources of data that can be used to create mortality rates for use in population
projections. Initially, a review of methods from the literature on modelling ASMRs
was provided, including curve fitting and splines, which are, for the most, applied at
the national-level. Then age-specific mortality considerations were addressed at the
subnational-level. This section focused more on problem solving and data sources
than on providing evidence from previous subnational research on mortality research.
It included two possible strategies using Bradford ward-level data, using a relationaltype approach to deal with mortality for projections. This was to demonstrate the use
of different strategies to estimate mortality behaviour for small areas, when faced with
data availability problems. The final section covered possible data sources and
previous research that could be used for projection purposes when attempting to
account for ethnic group mortality, which also included a review of previous research
according to COB. It was also stated that while ethnic-specific mortality, from
performing name analysis to identify South Asian and non-South Asian names, had
been considered, once the data was obtained many cells had been suppressed due to
the small numbers of deaths in the five-year period.
Despite the fact that the goal of the author’s PhD research was to estimate
demographic rates for ethnic groups within small areas (the Bradford wards), the
decision was taken not to create ethnic-specific ASMRs - even where suitable data
was made available (see also Storkey (2002) who made a similar decision). While the
research that could be carried out using the ethnic-specific mortality data (based on
name analysis by South Asian/non-South Asian) would be both interesting and useful,
due to the time restrictions of the PhD this was not feasible. Nevertheless, given that
the data has already been obtained, creating the ethnic-specific ASMRs for either
Bradford district, the four PCTs in the Bradford districts or even the ‘Bradford
fertility areas’ created by Williamson (2006) may have potential for future research.
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Furthermore, Storkey (2002) considers creating SMRs for each ethnic group in
London, then scaling each of the borough life tables. However, after much
deliberation about many different approaches to deal with COB and ethnic group
mortality behaviour, she decided against this because of the socio-economic
differences between the boroughs. This meant that using an ethnic group only SMR
for London would not be the most suitable approach to mortality at the borough-level.
In her section on mortality rates for use in the London projections, she settles on using
the borough-level rates. This decision was based on the small numbers and:
Given the difficulties with the mortality data and the fact that differences
between ethnic groups seemed small compared with differences in
mortality by borough across London, the decision was taken to use
borough specific survivorship rates by age and gender but not by ethnicity
in the projections model (Storkey 2002:126).
This point should be strongly considered when attempting projections according to
ethnic groups as Storkey’s findings suggest that area differences may be more
important than ethnic group differences.
Storkey’s conclusion conflicts with research findings presented in the author’s PhD,
where ethnic-specific ASFRs were found to give more accurate projected births than
ward-level ASFRs for ethnic groups at the ward-level (rather than at the ward-level
only) (Williamson 2006). Despite this, Storkey’s point that differences in mortality
between groups may be small should be recognised. Since the differences in ethnic
group mortality rates may be small, these differences will have only a minor impact
on the number of deaths. Given that many of the minority ethnic groups have younger
age structures, there will be fewer people at ages where mortality rates are high.
It should be stressed that Storkey (2002) was comparing differences in using ethnicspecific and borough-specific morality rates for London and not ethnic-specific rates
at the borough-level, which would be more detailed. Storkey does consider boroughlevel, ethnic-specific rates estimated from COB; however, after considering the data
used to produce this, and the reliability of these if they were produced, she decided
against producing the rates. In such a case, as was suggested for the Bradford wards, it
may be an option to use the area-specific mortality rates and scale them depending on
the differences between ethnic group mortality behaviour if it is available; even
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though it is acknowledged that to use an area-specific rate should partly account for
ethnic differences.
Nonetheless, even when differences in mortality is artificially accentuated for nonWhite groups, this may not impact greatly on their population size, due to their young
age structures. This finding was realised in research carried out at the national-level,
for England only by ten ethnic groups, in sensitivity testing of the projection process
using two alternative options (Williamson 2003). The options were compared to a
baseline population projection, using GAD England mortality rates equally across
each ethnic group. The first option was to use an SMR by COB for people aged 20-69
in the groups: Caribbean Commonwealth to account for Black Caribbean ethnic group
and India, Pakistan and Bangladesh to account for Indian, Pakistani and Banglandeshi
ethnic groups (estimated by Harding and Balarajan 2002:124). The second option was
to crudely increase the mortality level for non-White ethnic groups by twenty per
cent. The consequence in the percentage population change from 1991 to 2001
showed that using the SMRs from Harding and Balarajan’s work would only result in
differences of only 0.1%, 0.1% and 0.3% in the population sizes from the baseline
projection for these three ethnic groups. On the other hand, using the crude twenty
percent increase from the GAD England SMR, results in a maximum reduction in the
population size for any of the nine non-White ethnic groups of 0.7%. For example, the
greatest change found, 0.7%, was for ethnic group Black Caribbean. The baseline
projection suggested that the Black Caribbean population would increase by 10% over
the period 1991-2001, whereas using the crude 20% increase in the SMR yielded a
9.3% population increase. Hence, at the national-level crudely artificially increasing
SMRs by 20% for non-White groups does not greatly impact on overall population size.
In conclusion, however, drawing on all the information presented in the chapters on
fertility rates in the author's PhD (Williamson 2006), it is important to include as
much detailed information as possible on the population of interest when trying to
create age-specific rates. Thus, despite the differences in ethnic-specific mortality
rates being small, described by Storkey (2002), and the example of the impact of
different mortality levels at the national-level, it will still be recommended to base
rates on the most detailed information available. For example, if the projections are
long-range then ethnic mortality differences will be more obvious, as minority ethnic
group age structures will change over time. Moreover, in trying to recommend the
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best method it is useful to take account of work by Storkey (2002), she compares four
different methods to estimate the base, or ‘exposed to risk’, populations to create
mortality rates according to COB for the period 1996-98:
There are clearly no ‘correct’ answers from these different models. What
is important is to be aware of the nature and the extent of difference in
mortality estimates that arise through these different approaches.
(Storkey 2002:118)
1.6

Potential future research

The review of data sources and methods has uncovered the possibility of extending
work presented in the PhD research by the author (Williamson 2006) on ASFRs,
whereby ‘Bradford fertility areas’ were created and then ethnic-specific fertility rates
were created for these ‘fertility areas’ (which were groupings of wards based on
cluster analysis and the 1991 ONS classification of wards). These ‘fertility areas’, or
even the four Bradford PCT’s, could be used to create ethnic-specific ASMRs and the
rates could be then smoothed by using the H-P curve (Heligman and Pollard 1980) or
by using a relational approach (either using the ASMRs from the Bradford district, the
GOR of Yorkshire and Humber or GAD England as a standard).
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Appendix 1
Information on the wards included in each of the 4 Bradford Primary Care Trusts
Ward
Baildon
Bingley
Bingley Rural
Bolton
Bowling
Bradford Moor
Clayton
Craven
Eccleshill
Great Horton
Heaton
Idle
Ilkley
Keighley North
Keighley South
Keighley West
Little Horton
Odsal
Queensbury
Rombalds
Shipley East
Shipley West
Thornton
Toller
Tong
Undercliffe
University
Wibsey
Worth Valley
Wyke

Primary Care Trust (PCT) Description
North
Airedale
South & West
North
City
City
South & West
Airedale
North
South & West
City
North
Airedale
Airedale
Airedale
Airedale
City
South & West
South & West
Airedale
North
North
South & West
City
South & West
City
City
South & West
Airedale
South & West
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