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Notes on the projection results

1

2.

The results described in this report are both provisional and experimental and should be
such.

The data used derives from official sources (see the copyright noties
Acknowledgemenisbut the resultsae o |l el 'y t he aut horsodo res
Disclaimer: the authors accept no responsibility for any consequences of the use of the ¢
published in this report.

Full results from the projections will not be released until the project has delivered @ E®F
sponsors of the research, the Final Report on the project and the data have been deliver.
UK Data Archive as required undire ESRC research contract.

We anticipate that full release of the data in flat file format will be announdkd BSRC
Research Methods Festival ,6J8y%2010.Cat herin
We have submitted an ESRC Foll ow On Bid
via a general database and web interface, which will be free to researchasees who
register their interest in the results. However, there is no guarantee that the results will in
be disseminated in this way.

Please report any errors in the results so that they can be corrected.
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EXECUTIVE SUMMARY

This report summarises the results of ESRC Research Award1 &EZ-0032,What happens when
international migrants settle? Ethnic group populativends and projections for UK local areas,

October 2007 to 31 March 2010. The principal aim of the project was to produce projections of ethnic
group populations for local areas in the UK. The ethnicrmake of t he UKG6s popul at
significanty at present and groups outside the White British majority are increasing in size and share,
not only in the areas of initial immigration but throughout the country. This growth is driven by all the
demographic components: immigration balanced by emigratifferences among ethnic groups in

fertility levels and varying mortality experiences. Important spatidistribution of the population is

taking place through internal migration. The ethnic rajgef local areas is therefore evolving. The
compositon of the population is also changing through the birth of children of n@iaacorigins.

We estimate all of these components of change for 16 ethnic groups and 352 local authorities in
England together with estimates for Wales, Scotland and Northerelahd. The most reliable
estimates can be made for 2001, when the last decennial census was held. However, we extend these
estimates to later in the decade, to the ZD@8 20078 mid-year to midyear intervals, depending on

component.

For the projectins, we make assumptions about how component rates, probabilities and flows will
develop in the next forty or so years and feed these into a projection model. This model is ambitious:
we work with single years of ages to age 100+, a large numlzgeagand a large number of ethnic
groups. To make projectisrof such a large set of population groups possible we designed an
innovative biregional projection model. We report in detail on the resultsvef grojections:two
benchmark projectianthat explorewhat would have happened if the dynamics of 2001 had
continued; a trend projection in which the assumptions for components beyond 2008 are adjusted in a
general way to those adopted in the 20@8ed National Population Projections; and UPTAP

projectonst hat refl ects the teambs views on how compo

We report on the outcomes of the projections using a variety of indicators and illustrations. The ethnic
composition of all areas continues to change with the White British and Irish populations diminishing

in numericalimportance. The Mixed populationseathe fastest growing, followed by the newer
immigrant groups and then the traditional south Asian origin communities. All of these minority
communities shift their distributions over the four projection decades so that by the end of the
forecasting horizo they are significantly more dispersed than at the start. The projections yield a
picture of the UKO&6s demography which is both <co

being a more diverse nation but one that is more spatially integrated frasexit.



Thekey findings of the research are as follows.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

M odel innovations

We havedesigred an innovative modelto project forward ethnic group populatidies local

areas in the UK simultaneously

The key innovative feature of the model ishitgregional structure that captures the
migration connections between areas and enables simultaneous projection of 355 zon

populations.

The model handles internal migration throyggbbabilities of out-migration conditional
on survival within the country. Such probabilities enable the proper separation of mort:
and migration processes.

The model design makes possititferent configurations of the international migration
processas gross ionet flows or rates. We have explored two configurations: treating
immigration and emigration as gross flows (the EF model) and treating immigration as

flows and emigration as a product of emigration rates and populations at risk (the ER 1

The model handles alixteen ethnic groupgecognised in the 2001 census.

The model connects together ethnic groups by genetaititg of mixed ethnic parentage

using information from the 2001 census.

The model handles explicitgll population componentsof change: fertility, mortality,
immigration, emigration, internal imigration and internal otrhigration for each local area

and for each ethnic group population.

The model usesingle years of agérom 0 to 100+, which recognizes the need to know

more about the distribution of the population of the very old, as the population ages.

The model has been written@aset of R scripts R is a general purpose statistical compult
language/packagehich has handles large arrays well and enables the projections to b

in a few hours.



(10)

(11)

(12)

(13)

(14)

Component estimates

New estimates of ethnic group mortalityhave been prepared, which show moderate
variation. The range in life expectancies between best and worst experience is 5 year:
than in other countries where equivalent information is available such as the USA or N

Zealand.

Assumptions abdumortality are driven by adopting annual percentage decline rates for
sexethnic specific mortality which are converted into improvement rate for the survivol
probabilities used in the model. For the UPTAP projections we acdigatlime rate of 2%
per annum, which is much lower than the decline in the last decade, about equivalent
declines of the past 25 years and much higher than the 1% per annum assumed by N
Statistics.

Our fertility rate estimates are based on three souaoesial vital statistics, census
populations (mothers and children) and LFS data for@essus information on ethnic
fertility. The method is calibrated for 1991 and 2001. For 20Déhetotal fertility rate
estimatesrange from 1.47 for the Chinese wemto 2.47 for Bangladeshi women, with
TFRs for White women estimated to be 1.88 and for Mixed women 1.74. Asian group
fertility is estimated to be higher than Black group fertility. These estimates are higher

those of National Statistics but lowenththose of Coleman.

Our work on international migration has focussed on improlgogl area estimates of
immigration using administrative sources. We combined this with the ethnic profile ba:
on the 2001 Census immigrations. These estimatetifegeent from the ONS and Colemat

alternatives.

Our internal migration estimates were based on a commissioned table from the 2001 (
which provided counts of total migrants (persons) moving between local authorities in
UK by ethnic group. From this information we computedttiel probabilities of out-
migration (given survival within the UK) andthe total probabilities of out-migration
from the Rest of the UK to the local authority Uniform age profiles by age and sex wer
applied to these probabilities. After 200@he migration probabilitiesere factored up or
down depending of changes in the rate ofraigration from local authorities as monitorec

by the Patient Registration Data System.

Xi



(15)

(16)

17)

(18)

(19)

There is clear evidence in our projections that the internal migration probabilities are d
asignificant redistribution of the BAME populations. They are spreading out from their

clusters of concentration in 2001 to a wider set of residential locations byemidry.

Projection results

When we aligned our projection assumptions as closely as possible to tHea2@0i8
National Population Projections (NPP), we obtain a comparable trajectory for the UK
population as a whole. In 2051 in these TREEIP projections, the UK population grows t
77.7 million compared with 77.1 million in the NPP. The gap of 0.6 milli@misstimate

of the aggregation effecin projection, being due to the difference between projecting fc
home country populations and projecting a large number (355 x16 = &d80xl

authority-ethnic groups.

Our BENCHMARK projections produced much lower projected populations than the N
55.1 million (the ER model) and 63.0 million (the EF model) in 2051. The gaps of 20.0
14.1 million people demonstratiee dramatic demographic shiftin the 2000s, that is, the
combined impact in the 202009 period of lower mortality (gains of 2.1 years in male li
expectancy and 1.5 years in female for the UK 2D0Migher fertility (gains of 0.33 of a
child in TFR for the UK2001:-8) and higher net immigration (+154 thousand in 2000 anc
+217 thousand in 2007).

The differences between our UPTAIF and UPTAFER projections demonstrétiee

impact of a change in the model for emigratiorcan have. Modelling emigration as a fixe
flow count rather than a flow produced by applying a fixed rate to a changing populatic
risk produces total populations in 2051 that differ by 9.1 millions.

Our projections shovliuge differences in thepotential growth of the different ethnic
groups. Under the TRENEEF projection between 2001 and 2031 the White British grot
grows by 4%, the White Irish group by 10% and the Black Caribbean group by 31%. T
are the low growth groups. The Mixed groupsvg between 148 and 249%. The Asian
groups increase between 95 and 153%. The Black African group grows by 179%, the
Black group by 104%, the Chinese group by 202% and the Other Ethnic Group by 35(

Xii



(20)

(21)

(22)

(23)

(24)

As a result of these differenceke ethnic composition of the UK will changesubstantially
over the period to 2051. Under the TREIED projection, the White share of the populatit
shrinks from 92 to 79% and the BAME share increases from 8 to 21%. Two groups fac
in share: the White Biish population share shrinks from 87.1 to 67.1% and the White Ir
share shrinks from 2.5% to 2.1%. The Black Caribbean share stays stable at 1.0%. Tt
BAME groups expand their population shares along with the Other White group share
which grows fom 2.5% to 9.9% (the greatest gain). Mixed groups increase their share
3%, Asian groups by 4.8%, Black groups by 2% and Chinese and Other ethnic groups
2.6%.

All ethnic groups undergo population ageing The BAME groups in general increase the
share of their population that is elderly so that the 2051 share (except the Mixed groug
comparable with the White British share in 2001. The share of the White British popule
in 2001 that was 65 or over in age was 17%. The BAME (except Mixatsin 2051

range from 15 to 28% (TRENBF projection). The Mixed groups still have smaller elder
shares at-80% in 2051. The White British share has risen from 17 to 27%. This ageing

important implications for social policy.

Changes in workng age shares vary depending on ethnic grou®nly the Mixed groups
and the Bangladeshi group increase their working age share. The other groups see fa
working age share ranging fromh% for the Other Black and Pakistani groupslté?o for
Black Caribbean group.

There ismportant regional and within region variation in the changes in ethnic group
population sizes, shares and concentration. Detailed accounts of regional and local va

in ethnic population change are provided in thpgy.

Ethnic minorities will shift out of the most deprived local authorities and will move into
the least deprived local authorities The distribution of ethnic minority populations shifts
favourably over the projection horizon, while thawdiites remains stable. The percentac
of the Mixed group population in the most deprived quintile of LAs reduces from 26% t
19%, while the percentage in the least deprived quintile increases from 22% to 29%. 1
corresponding shifts for Asian groups areni 25 to 18% for the most deprived quintile ar
from 9% to 20% for the least deprived quintile. For Black groups the most deprived qu
sees a decrease from 54% to 39% while the least deprived quintile sees an increase f
to 19%.
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(25)

(26)

(27)

There aresignificant shifts to LAs with lower ethnic minority concentrationsby Mixed,
Asian and Black populations from LAs with high ethnic concentrations, while the White

Chinese and Other group distributions remain in 2051 as they were in 2001.

Ethnic groups will be significantly less segregateflom the rest of the population,
measured across local authorities, in 2051 than in 2001. The Indexes of Dissimilarity
between each group and the rest of the population fall by a third over the projectighn pe

The UK in 2051 will be a more diverse society than in 20Gnd this diversity will have

spread to many more part of the country beyond the big cities where ethnic minorities
concentrated.
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1. INTRODUCTION

This report provides a&omprehensive accourtdf the population projectionfor ethnic groups
produced by a team of researchers at the University of Leeds. The rgsegech, entitledWhat
happens when international migrants settle? Ethnic group population trends and projections for UK
local areas was funded by the Economic and Social Research Council (ESRC) under the
Understanding Population Trends and Processes Programme (ESRIGRES0032.

Theaims of the project were:

A to understand the demographi c ethniapoguatonst hat t
are presently experiencing and are likely to experience in the remainder of trenfliry

A to understand the impact that international migrasiod internal aréaving on the size and
ethnic composition of UK local populations

A touncer st and the role that di fferences in fert
shaping current and future trends

A to understand the role that mortality differences between ethnic groups is playing in the
changing demographytondf the UK®6és | ocal popul a

A to understand how the ethnic diversity of UK local populations is changing and likely to
change in the future

A to deliver the projections as a resource for use by social science in the UK

A to build capacity in the analysis of demographic change thrthgylievelopment of young
and middle career researchers

A to tap into the best practice internationally to benefit the UK social science community.

Why are these changes important? Because these demographic changes are altering the ethnic
composition of tk population, with many implications for the cohesion of UK society, for the nature

of British culture, for the supply of and demand for labour and the way in which the UK will cope
with the challenges of ageing over thé'Zentury.

To achieve the preft aims, theobjectives were tobuild projections of the populations of ethnic
groups for UK local areaandto use the population projection model to explore alternative futures
Theingredients needed to achieve these objectives requine project(1) to build estimates of and
reliability measures forthnic group fertility (about which there is not an agreed view) using
alternative data source$2) to make estimates of and measures of reliability étmic group

mortality through indirect modelling(3) © build adatabank of international migratioior local areas

by assembling relevant census, survey and administrative data sets and to develop estimates and

measures of reliability for lonterm and shorterm immigration and emigration(4) © buid

1



estimates of and measures of reliability ifternal migrationfor ethnic groups using both census and

register based migration datasets.

At the heart of the projectavethe followingtasks (1) developnent ofa population projection model

that delivers projected ethnic populations for local areas that incorporates the best of current practice
in projection modellingrom different countries and prior wark2) incorporation in thamodel of
incorporates interactions between groujpsparticularmixed unions leading to infants with mixed
origing), (3) inclusion in themodel of interactions between local areas (migration flows from origin
areas to destination areas)d (4)a methodhat handles different ethnic group classifications in the
countries of the UKWe decided not to handle identity shifts in ethnic group membership (at say age
18 when individuals become adults) as the Longitudinal Study information was inad&jogison

and Akinwale 2007Simpsonret al. 2005).

The planfor reporing on these tasks angrojection results is as follows. Section 2 reviews
approaches to ethnic population projection in the literature and selects a model for use in the UK.
Section 3 speplaseoubft hdéen ptr @ iclepopulitiongroup shatidl: t h a't
zones, age groups and time intervals will be used in the estimates and in the projections. Section 4
gives a formal description of the projection model in both words and equations. Section 5 of the report
provides a guide to the sofane implementation of the projection model in which the statistical
language/package R was used. Sections 6 to 9 spell out the data, methods and assumptions employed
to estimate ethnic specific rates, probabilities or flows needed to estimate an histodcsgries of
changes from migear 2001 to migyear 200 and the assumptions needed to drive the projection
forward from the jump off year of 200 Section 6 tackles the fertility component, section 7 the
mortality component, section 8 the internatlon@gration component and section 9 the internal
migration componentSection 10 describes the scheme adopted for our five projections and the
assumptions used in each projecti@ection 1 provides an overview of the results die
projections: two Benchmarkprojections a Trend projection and two UPTAP projections The
outcomes are explained in terms of total numbers and age distributions for the 16 ethnic groups used
in the projection for the UKorganizing thedescriptionfor groups with roughlyhe same futures

Then we analyse the results using different spatial aggregatidmsh provide strong clues to the
processes of differential population change andistribution we useGovernment Office Region
(GOR)in England plus the other Home Coties,a set of metropolitan and nanetropolitan regions,

a local authority (LA) classification (Vickert al.2003), a population density LA classificatidAs

sorted into deprivation goiiles based on Townsend scores amdLA classification into etha
concentration classed/e present selected LAesults from the 355 zones by presenting results for the

most diverse districts in each GOR.



2. A REVIEW OF ETHNIC POPULATION PROJECTIONS

2.1 Aim of the review

The aim of this section of the report israview the field of ethnic population projection, building on

an earlier review by Coleman (2006b) but looking at the alternative methods rather than outcomes.
Why might we want to project the population of the ethnic groups of a developed countryiThe fir
reason is that if demographic intensities (either rates or probabilities) vary substantially across sub
groups of the population, then that heterogeneity needs to be taken into account in constructing
projections. There is plenty of evidence of suctetwgeneity (ONS 20@4. The second reasdor
projecting ethnic group populations so that we can plan for the future more intelligently, to reach
social goals (greater equality of opportunity across ethnic groups), economic goals (to assess the
future Bbour supply in terms of size and skills and determine what policy is needed to improve skills
of the resident population) and community goals (the provision of the right schooling, the right mix of
goods and services). You might object that the futuligesy to be uncertain, so that projections will
always turn out to be wrong. But the range of uncertainty can be estimated either by running many
projections under different variants or scenarios or by sampling from error distributions of summary

indicatas of the main component drivers, fertility, mortality and migration.

There are, however, a number of challenges involved in carrying out ethnic population projections.
How should ethnic groups be defined? How should they interact demographically? Hew do
estimate the key ingredieritdertility, mortality, internal and international migration by ethnic group
T in the face of inadequate data? What kind of projection model should be employed? What
assumptions should we adopt for future fertility, monabr migration differences? How do we

validate our projections?

2.2 Context

Developed world populations are being changed by three interacting trends: below replacement
fertility for three to four decades, steadily improving life expectancies, particaadlder ages and
significant inflows of migrants to the richest countries. These trends mean fewer children than in the
baby boom years (circa 1946 to 1975) and a greater number of older people, with population ageing
about to accelerate as baby boom®m in the years 1946 to 1975 cross various old age thresholds.
Population ageing is mitigated in part and over the medium term by international immigration to
developed countries from developing countries. Because the ethnieumafehe immigrant seam

is different from that of the already settled population, the ethnic compositiBaropeancountry
populations has been moving away from dominance by white Europeans towards both greater
diversity of groups and a larger population of mixed parentBige.main demographic consequence

of sustained flows of international migrants into a country and its regions is the growth of the



populations of immigrants and their descendants and, if the settled or native population has low rates
of growth, the subsegnt changes in ethnic composition of the population. This, in turn, leads to
changes in national identity and culture. Coleman (2006a, 2006b) has labelled this sequence of events

the Third Demographic Transitian

Countries need to have a view of theituie, under different scenarios. One aspect of that future will

be the size, age structure and ethnic composition of the national population, given various
assumptions. These demographic features are likely to change substantially for developed countries
such as the United Kingdom over the next 50 years. What demographers normally do to explore the
future is to carry out projections of the population. So far, these projections have taken into account
the age and sex structure of the population and itsasmhstribution at country, region and local

levels (ONS and GAD 2006, ONS 2008a), but ethnic composition has not so far been included

routinely in projections.

2.3 An example of changing ethnic composition: the case of the UK population

The population ofhe United Kingdom is continuing to grow at a moderate pabé%®per annunin
2001-8 but this has accelerated from 0.37% in 20Q1to 0.65% in 2008 (ONS 2018, Table 1.1)
There are several factors promoting continued growth: the remaining demographéntum of high
fertility in the 1960s and early 1970s, the recent rise (eapdhin fertility levels, the continuing
improvement of survival of people to and within the older ages and the ongoing high level of net
immigration (ONS 2008b). Births havisen from 68 thousand in 2002 to 791 thousand in 2008,
while deaths have decreased fromil @Bousand to BO thousand. Natural increase has risen since
2001 to contributé4% to population change in 20@ from only 30% in 2002. Immigration has
grown in the same period from#thousand in 2002 to571thousand in 2088 (ONS 2010bTable
2.17). Emigration has also increased fro®23housand(20012) to 375 thousand(20078). Net
migration was 148 thoasd in 20012 and 1% thousand in 2008 but had been 26thousand in

20045 in the period of highest immigration from the new EU member states.

This population growth varies considerably from place to place (Dunnell 2007). Growth is highest in
the Easof England (6.1%), Eas¥lidlands (5.8%) South Wes{5.4%)and Northern Ireland5.1%)

betweer?001and2008 but each region has a few local authorities that have experienced decline.

Against this back cloth of demographic change, the ethnic composittbe population is changing
quite fast. ONS estimates for England for 200show a3.2% increase in the total population, a 0.4%
decrease in the White British group and?20% increase in néivhite British group (ONS 2I0¢). In

2001 the White British nde up % of the England population and ethnic minorities 13%. By7200
this had shifted to 84% White British and 16% ethnic minorities. Both immigration and natural
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increase of the neéWhite British contribute to substantial population change, which varies
considerably across the local authorities of the UK. Profound change in the size and composition of

the UKG6s | ocal popul ations is in prospect.

2.4 Ingredients for projecting of ethnic group populations

To carry out a population projection we need to define the state space within which the projection is
made operational, that is the classifications of the population into groups. Then we need to adopt a
model form that represents the processes of popnulatiange that occur. To drive the model we need

a set of benchmark component data sets and in the case of ethnic populations this may involve a
considerable effort of estimation. Finally, we need a set of assumptions about how those components
will developin the future Herewe discuss the first of these ingredients, the state spda#.account

of ourmodellingchoices is given in Section 3 of the report.

2.4.1 Ethnic groups: what are they and how do people change ethnicity?

Herewe discuss the various meags of the term ethnic group and whether and how people change
their ethnicity. In terms of its etymology, det]l
Belonging to a nation may be defined using one or more variables that can be measunexysncs

censuses or recorded on registers. In general, persons are born into an ethnic group and tend to remain

in that group for the rest of their lives. This contrasts with age and family/household status which
change as a per s o.itaso diffeis froen sacial glass, knkeg 1o occupatiah,svhich

can change through the working part of the life course through upward or downward social mobility.

The variables used to define ethnicity include: country of birth, country of citizensihopéddy,

country of family origin, racial group (defined mainly in terms of skin colour or facial features),

language, religion or through sétfentification.

However, many of these statuses used to define ethnicity do change over time angreblenas in
identifying groups. For example, use of a country of birth different from that of current residence
applies most usefully to groups that have immigrated recently. Their children and grandchildren born
in the country to which they migrated nater share this characteristic. Nationality changes through

the acquisition of citizenship through application. The criteria for eligibility include, depending on
country, residence for a period of time in the host country, testimonials from citizensthdout
standing of applicants, the absence of a criminal record, a language test, a knowledge test and family
connections to citizens. People whose ethnicity is defined by religion may change through conversion
of religious beli efisdefibdedy seidentifigaion, sheymayschaage theiri c i t vy
identification over time. Rees (2002) made suggestions about how these might be incorporated into a
projection when adolescents become adults. However, robust empirical evidence on the extent of

changes in ethnic self identification is lackii@impsonet al.2005, Simpson and Akinwale 2007)



2.4.2 An example of the complexity of ethnic classification: the case of the UK

Ethnic classifications in the United Kingdom are based onrsptirting throughcensus or social
survey questionnaires. A full guide to ethnic classifications used in UK official statistics is provided
in Ethnic Group StatisticfONS 2003a). Considerable consultation and debate goes into the
formulation of the question. The resultimgtegories are a compromise between the demands of
pressure groups interested in counting and promoting their own group and a need to make the
guestion one that the whole population can understand. Ethnic classifications change over time
recognising the wlution of groups as a result of migration from the outside world and as a result of
marriage/partnership of people from different groups resulting in children of mixed ethnicity.

Table2.1 shows the ethnic group classifications adopted in the 2001 €ehsioe UK, which differ

from those in the 1991 Census in recognizing several mixed groups. There are different
classifications, specific to each home country within the lobkhe main published tables England

and Wales 16 groups are used; in Scotl&hgroups are used; in Northern Ireland 12 groups are used.
The classifications are based on two concepts: race and country of origin (either directly through
migration or through ancestry). Many studies (e.g. Rees and ParsondR2@862008Parsons and

Rees 2009) used a collapsed version of the classification (e.g. White, Mixed, Asian, Black, Chinese &
Other) but these amalgamated classes hide huge differences in terms of timing of migration to the UK,

agesex structures, population dynamics and secamomic and cultural characteristics.

Table 2.1: Ethnic groups in the 2001 Census of the Ubroad groups)

England and Wales Scotland Northern Ireland
White: British White White

White: Irish Indian Irish Travellers
White: Other White Pakistani andDther South Asians Mixed

Mixed: White and Black Caribbean Chinese Indian

Mixed: White and Black African Others Pakistani

Mixed: White and Asian Bangladeshi
Mixed: Other Mixed Other Asians
Asian or Asian British: Indian Black Caribbean
Asian orAsian British: Pakistani Black African
Asian or Asian British: Bangladeshi Other Black
Asian or Asian British: Other Asian Chinese

Black or Black British: Black Caribbear Others

Black or Black British: Black African
Black or Black British: OtheBlack
Chinese or other ethnic group: Chinest
Chinese or other ethnic group: Other
Ethnic Group




Most studies (e.g. Coleman and Scherbov 2005, Coleman 2006b, Rees and Butt 2004) drop the Mixed
group. Since the 2001 Census revealed this to be the fastest growing group such an omission is
regrettable. The omission occurs particularly when comparing 486812001 Census results. For
example, Rees and Butt (2004) adopted the 1991 Census classification as the common classification
for their analysis of ethnic population change in England and reallocated the mixed groups
proportionally back to their parentayups (Tabl€2.2). Most authors allocate each of the mixed groups
back to their nofWhite parent grouTable 2.3shows how the GLA researchers do Yhis

Table 2.2: Example of harmonization of ethnic groups in the 1991 and 2001 Censuses, England

1991 census ethnic Component 2001 census ethnic categories

category

White White British + White Irish + White Other + 0.5(Mixed White and Blas
Caribbean) + 0.5(Mixed White and Black African) + 0.5(Mixed White
and Asian)

Black Caribbean Black Caribbean 8.5(Mixed White and Black Caribbean

Black African Black African + 0.5(Mixed White and Black African)

Black Other Black Other

Indian Indian + 0.5(Mixed White and Asian) x Proportion Indian

Pakistani Pakistani + 0.5(Mixed: White and Asian) x ProportiRakistani

Bangladeshi Bangladeshi + 0.5(Mixed: White and Asian) x Proportion Banglades|

Chinese Chinese

Other Asian Other Asian

Other Groups Other Ethnic Group + Other Mixed

Source: Rees and Butt (2004)

Table 2.3: The aggregated ethnic groups used the GLA ethnic projections

GLA Aggregated
Ethnic Group (AEG) ONS 2001 Census Ethnic Groups
White White: British, White Irish, White Other
Black Caribbean Black or Black British: Caribbean
Black African Black or Black British: African
Black or Black British: Other Black Mixed: White & Black Caribbean
Black Other Mixed: White & Black African
Indian Asian or Asian British: Indian
Pakistani Asian or Asian British: Pakistani
Bangladeshi Asian or Asian British: Bangladeshi
Chinese Chinese or OthelChinese
Other Asian Mixed: White & Asian, Asian or Asian British: Other Asian
Other Mixed: Other Mixed, Chinese or Other: Other

Source: Klodawski (2009), Table 1

The proposals for the 2011 Census questions on ethnicity and a new question on national identity are
set out inTable 2.4(Cabinet Office 2008White and McLaren 2009). The broad (and rbesed)

groups from 2001 are retained but some details will change. The first category under White
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recognizes the complexity of national identity for this group. The Chinese group has been relocated
under the Asin/Asian British grouping. Arab ethnicity is recognized for the first tilnshould be
relative easy to aggregate the results of the projections described in this report to the new 2011

classification.

Table 2.4: Proposed ethnic classification in the 20 CensugEngland)

Aggregate ethnic group Ethnic group

White English/Welsh/Scottish/Northern Irish/British
Irish
Gypsy or Irish Traveller
Any Other White

Mixed/multiple ethnic groups White and Black Caribbean

White and Black African
White andAsian
Any other Mixed/multiple ethnic background

Asian/Asian British Indian
Pakistani
Bangladeshi
Chinese
Any other Asian background

Black African/Caribbean/Black British African
Caribbean
Any other Black/African/Caribbean background

Otherethnic group Arab
Any other ethnic group

Source: the proposed 2011 Census Questionnaire (Cabinet Office 2008)

In our work we have adopted the full set of 16 ethnic groups used in the 2001 Census for England and
Wales and made estimates of the Scotland Northern Ireland population of these groups using

ancillary information (custom tables supplied by GROS and NISRA).

2.4.3 Sexes/genders in ethnic population projection models

Most variables in projection models are classified by sex/gender. The sayeiteract in the
fertility process, where a female dominant fertility model is normally adopted. The one special
ingredient that is needed in an ethnic projection model is a fertility module for generating mixed
births. Mothers of one ethnic group magvke husbands or partners of anotsidmnic groupand their
children will be of mixed ethnicity. If there is information on the birth registration record about the
ethnicity of mother and father, then it is straightforward to compute the probabilitiendtiers of
one ethnic group will give birth to children of mixed ethnicity. Such classifications are not used on
UK birth registration records although country of birth is recorded. However, in a substantial fraction
of birth records the details of the liar are missing (this is why fertility models are ferrddeninant).

In that situation, researchers resort to using proxy variables from large household surveys or



household microdata samples from censuses. Within each family household it is possibi&fyo ide

children under one year of age or under five years of age together with their mothers and fathers (if
present). Children will have been assigned an ethnicity by the household representative completing

the census form. It is therefore possible totabut e t he et hnicity of the <ch

ethnicity.We usea commissionethble from the 2001 Census to estimates these mixing probabilities.

2.4.4 Ages: dealing with agéme space properly

Periodcohorts are the key agigne concept useih cohortcomponent projection models. A period

cohort is the space occupied by a birth cohort in a time period and shows how persons aged x at the
start of year t, born in yeaixt age forward over one year to be aged x+1 at the start of year t+1. We
reagnise two different classifications: periade and periodohort. Many vital statistics are
classified using the perieglge scheme, but for projection models it is essential to use the-period
cohort agdime-plan. Note that n many projection models thegeing process is implemented after

the component population processes (survival, migration and fertility) have been impleriéated.

use a periogohort scheme in our projections (Section 3 has details).

It is advantageous to use single years of ageprogction model wherever the data allow so that
projections for each year can be produced and so that aggregate age groups can be flexibly
constructed. There is a strong argument that the age range of the population should be extended to 100
and over, reggnising the higher rates of survival into the older old ages that are now present in the
population and recognising the important demands for care generated by the older old population.
Many national statistics offices are now extending their statistiddés to include populations at
greater ages than 100. But such an extension is probably too ambitious currently for ethnic groups or

for subnational populations and certainly for the combination.

Handling the last periedohort in a projection model ually requires some assumption. In order to
project the population aged 100+, the researcher needs to estimate survivorship probabilities for an
additional period cohort (100+ to 101+), in the absence of good data on events for the 100+
population. To overome this absence, one solution is to assume that the survivorship probabilities in
the 99 to 100 and 100+ to 101+ permmhorts are equal to the survivorship probability for the 99+ to
100+ cohort which can be estimated. This assumption is not unrebsasah very old populations

we observe a slowing down of the increase of mortality with age.

The agetime classification used to compute fertility rates is often a pergdplan. Most researchers
convert these periedge fertility rates into perieadohort rates by averaging successive pedgd
rates within the fertility model of the projection model. However, this is not necessary if the fertility

computations are placed after the computations for the existing populations at the start of the period.
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If this is done, then the start of year and end of year populations by age will be known and so period
age fertility rates can be multiplied by the average female population in an age group to produce the
projected births for that yeaidf the fertility computations are placed first in the projection

calculations, then some approximations are employed.

245 Regions and migration

Most ethnic population projections produced to date are for national populations (Coleman 2006),
though the US Bureau of th€ensus (Campbell 1996) produces state projections for five
race/ethnicity populationfrable 25). Where sulnational units are used, then consideration must be
given to how migration between them is handled. There are two general approaches: (1&chreat
subnational unit as a single unit with streams of amd outmigration or (2) to handle all sub
national units together and to represent migration as flows or rates between them. The former single
region approach is easier to compute. The lattetimagional approach is more elegant theoretically

but more difficult to compute if there are a large number ofraitonal units.

Table 2.5:Population change in regions by race an#flispanic origin: 19952025 (millions)

Region Total Non-Hispanic origin Hispanic origin
White Black  American Indian Asian

U.S. 72.3 15.6 11.9 0.8 12.0 32.0

Northeast 5.9 2.1 15 0.03 2.3 4.2

Midwest 7.3 1.8 1.9 0.2 11 2.3

South 29.6 10.4 7.6 0.2 1.8 9.5

West 29.5 5.4 0.9 0.4 6.7 16.0

Source:Campbell (1996)Table3.

For single region modelsit is customary to introduce migration as a total net migration addition or
subtraction to the population. This is unsatisfactory as this gives no insight into which of the many
migration streams are producing the net rediuil. better to clearly recognize four separate migration
streams, even though it may be difficult to estimate these for ethnic groups. The four streams are: (1)
immigration to the sulmational unit from outside the country, (2) emigration from thersaibnal

unit to the outside world, (3) imigration from the rest of the country to the s#tional unit and (4)
out-migration from the suimational unit to the rest of the country. There is then a choice about
whether to handle the migration streams usngnigration rate and population at risk or using an
estimated migration flow. In a projection of the ethnic group populations for 13 regions in the UK,
Rees and Parsons (2006), emigration and internamaration were modelled using rate and
populationsat risk for the origin region, while immigration and internahiigration were represented

in the model as flows.
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The multi-region model form recognizes that-migrants to a subational unit are, in fact, out

migrants from other subational units (Rogrs 1990) and that thmigrationflows are best modelled
simultaneously. Immigration and emigration are handled as flows and rates respectively. The form of

the multiregional model depends on the way in which the migration data used are measured. There are

two types of measure: transition and movement. Transition migration results from comparison of a
personé6és | ocation at two points in time. I f  t he
migration results from a recording of sohtional unit tosub-national unit migrations that occur in an

interval. The count of moves/migrations is equal to or greater than the count of transition/migrants.

A compromise between the large size and estimation difficulties of the-negilbn model and the

failure of the single region model to allow proper interaction between regions lié-tegion model

This was originally suggested by Rogers (1976) and has been thoroesfiely by Wilson and Bell

(200d) for a set of Australian regions. They found thatliheegion model gave results which were

close to those of the multegion model. In the hiegion model, a N region population system is
modelled as N sets of two regions, the figst consists oindividual regions and the secosdt

consists otheresults of subtractinghe regionpopulationfrom the countrypopulation The definition

of the rest of the country changes region by region. The data requirements of such a model are much
smaller than the multiegion model: it use8N probabilities rathethan N and the input probabilities

are more reliably measured. Therbgional model needs an additional step at each time interval

adjustment of total of projected-migration to match the total of euatigration.

2.4.6 Dealing with uncertainty
Ethnic population projections also need to provide the user with some idea of the uncertainty

associated with the projections.

Traditionally, this has been done through high and l@siant projections around a principal
projection (see ONS and GAD 2006NS 2008a for national examples). The number of variant
projections can become large if all combinations of high, middle and low assumptions for each
component were selected. There are also decisions to be made about the ways in which the high,
middle andow variants work themselves out across thersatonal units and the ethnic groups. We

need to worry about whether mortality and fertility are converging to or diverging from a national
mean trend or whether sutational and ethnic group distributionsimmigration and emigration, for

example, are changing.

One solution is to desigacenario projections which combine particular variants to produce a
coherent picture of the alternative future. Such a set of scenarios are being developed for NUTS2

regiors across Europe in the DEMIFER project (ESPON 2009). Another solution to uncertainty is the
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development oftochastic/probabilistic projections(see Wilson and Rees 2005 and Booth 2006 for
reviews). An example of stochastitethodsapplied to ethnic grouprojections is given in Coleman
and Scherbov (2005) for the UK population.

2.5 Population projection models adapted for ethnic groups

Do we need to develop new models for handling ethnic population projections? Could not existing
models and associated software be used to produce the projections? We consider the advantages and
disadvantages of current models and software. TaBlgrovides a summary of work over several
decades in the UK that has produced either population estimates by ethnicity or population projections
by ethnicity. The methodologies used in the reports are listed in the final column of the table and these
are discusseth this section of theeport

2.5.1 Singleregion models: POPGROUP, JRF Model

Simpson, Andelin Associates and colleagues (CCSR 2009) have developed a suite of spreadsheet
macros called POPGROUP that implement a singggon cohorcomponent model with et
migration, which is widely used by Local Governments and has been applied to ethnic forecasts for
Birmingham, Oldham, Rochdale and Leicester (Simpson 2007a, 2007b, 2007c; Simpson and Gavalas
2005a, 2005b, 2005c; Danielis 2007). Rees and Parsons (Re€am@ons 2006, Parsons and Rees
2009) in work for the Joseph Rowntree Foundation (JRF) used a-sdgie cohorcomponent

model for UK regions which used four migration streams: internahtgitation and emigration as

intensities (probabilities) andnimigration and internal #migration as flows.

These models have the key advantage of being relatively easy to implement and use for a large
number of suimational units and ethnic groups. They suffer from an important disadvantage of
neglecting the impaant nexus in multistate population dynamics: that thenagtants from one

region become the imigrants to other regions (Rogers 1990). If we wish to introduce a model of
migration rather than just th@ssumednigration rates, then this is best accosipdid through the

framework of a multregional or biregional projection.

2.5.2 Multiregion models: LIPRO, UKPOP

Since the 1970s various programs have been developed to implement theegiuithl cohor
component model. In the early 1990s a generaioerwas developed at NIDI by van Imhoff and
Keilman (1991) for use with household projections but in a form in which other state definitions could
easily be introduced. The software is made available (NIDI 2008) though no longer supported as a

licensed pekage. There is some uncertainty about the capacity of this software for handling
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Table 2.6: Summary of UK work on ethnic population estimates and projections

Source (Author, Year) Coverage Spatial unit(s) Ethnic groups (source) Time horizon Output Model

OPCS and ONS Projections

OPCS (1975) Great Britain Great Britain NCWP (1971 Census) 19661974 Estimates CCM

OPCS (1977a) Great Britain Great Britain NCWP (1971 Census) 19761986 Projections CCM

OPCS (1977b) Great Britain Great Britain NCWP (1971 Census) 19711986 Projections CCM

OPCS (1979) Great Britain Great Britain NCWP (1971 Census) 588?1991- Projections CCM

OPCS (19864a, 1986b) England and Wales England and Wales 5 groups (198Census) iggi 1983, Estimates LFS

Schumann (1999) Great Britain Great Britain 11 groups (LFS) 19921997 Estimates LFS

Large and Ghosh (2006a), . 16 groups (2001 ,

Large and Ghosh (2006b) England Local authorities Census) 20022005 Estimates CCM

ONS(200%) England Local authorities 16 groups (2001 2007 Estimates CCM
Census)

Local authority projections

Bradford (1999) Rochdale Rochdale Groups (1991 Census) 19992021 Projections POPGROUP

Bradford (2000) Bradford Bradford Groups (1991 Census) 19992021 Projections POPGROUP

Simpson and Gavalas (2005a , i o

Simpson and Gavalas (2005¢ Oldham Oldham 6 groups (2001 Census 20012021 Projections POPGROUP

Simpson and Gavalas (2005b : Co

Simpson and Gavalas (2005¢ Rochdale Rochdale 6 groups (2001 Census 20012021 Projections POPGROUP

Simpson (2007a), Simpson I I , i o

(2007b) , Simpson (2007¢) Birmingham Birmingham 8 groups (2001 Census 20012026 Projections POPGROUP

Danielis (2007) Leicester Leicester 8 groups (2001 Census 20012026 Projections POPGROUP
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Table 2.6 (Continued)

Source (Author, Year)

Coverage

Spatial unit(s)

Ethnic groups (source)

Time horizon

Output

Model

Greater London projections
London Research Centre

(1999)
Storkey (2002)

Hollis and Bains (2002)
Bains and Klodawski (2006)

Bains and Klodawski (2007)

Bains (208)

Klodawski (2009), Hollis and
Chamberlain (2006)
Academic projections
Coleman and Scherbov (200¢
Coleman (2006b)

Coleman (2010)

Rees and Parsons (2006), Re
(2006), Rees (2008), Parsons

and Rees 2009

Stillwell, Rees and Boden

(2006)

Greater London

Greater London
Greater London

Greater London
Greater London
Greater London

Greater London

United Kingdom
United Kingdom
UnitedKingdom

Yorkshire & The
Humber

London Boroughs

London Boroughs
London Boroughs

London Boroughs
London Boroughs
London Boroughs

London Boroughs

United Kingdom

United Kingdom

GORs, Wies,
Sotlandand
Northernlreland

Local authorities

10 groups (1991 Census)

10 groups (1991 Census)
10 groups (1991 Census)

10 groups (2001 Census)
10 groups (2001 Census)
10 groups (200LCensus)

10 groups (2001 Census)

4 groups (2001 Census)
12 groups (2001 Census)

5 groups (2001 Census)

5 groups (2001 Census)

1991

1991
1991

20012026
2001-2026
20012026

2001-2031

20012100
20062056

2001, 2010,
2020

20052030

Projections

Projections
Projections

Projections
Projections
Projections

Projections

Projections

Projections

Projections

Projections

MRM-GL

MRM-GL

MRM-GL

MRM/BRM-
GL
MRM/BRM-
GL
MRM/BRM-
GL
MRM/BRM-
GL

CCM
CCM

SRM-R&F

SRM-R&F

Notes: GOR = Government Office Region, Wa = Wales, Sc = Scotland, NI = Northern Ireland,
CCM = Cohort Component Model, POPGROUP= Single region projection software, licensed to user§IMRMultiregional ModelGreater London for projection
MRM/BRM-GL=Combined multiregional and bregional model for ethnic projection, Greater London
SRM-R&F = Single Region Model, Rates & Flows (rates for-migration and emigration, flows for-migration and immigration)

14



fitransitieendatadi Ggeagi on) , having been designe

register events). It is still intensively used at NIDI and by Eurostat for various projections and by

some researchers in the UK.

In the UKPOP model (Wilson 2001, Wilson and R2683) the accounts based model developed by
Rees (1981) is developed for a full set of UK local authorities. The accounts based model relies on
iteration to make consistent the relationship between observed deaths in a region (the variable
generally availble) and the deaths to the population in the region at the start of the interval (who die
in that region and elsewhere). Efforts by Parsons and Reespplsethis model met with difficulties

in achieving convergence in the iterative procedure. The noodéd generate for older ages negative
probabilities of survival within a region, for example. The reason for this was that populations, deaths
and migration come from different data sources (e.g. census and vital register) which may be
inconsistent andni error at the oldest ages. Wilson and Bell (2004a) and Wésah. (2004) have

used simpler versions of the muiéigional model in important work in Australia with either much
smaller numbers of spatial units or using a sequence-afginal modelsThis work builds on
experiments by Rogers (1976). Wilson and Bell (2004b) establish that a setegidmial models

gives results close to a full multiregional model. Wilson (2008) has also developed a model for the
indigenous and nemdigenous populatio of the Northern Territory, Australia, which has a number

of very useful features.

2.5.3 Multiregional models: ONS Sutational model for England, GLA model for London Boroughs
Both these models have a long pedigree and are in continued use. THauBNional model for
Local Authorities in England is implemented by the Office for National Statistics in collaboration
with outside contractors. A broad outline of the methodology is in the public domain (ONS 2008c)

though the details are not provided

As the local government body with the largest ethnic minority population, Greater London has a
longstanding interest in understanding the trends in its ethnic group popul&ibng. projections

were prepared by Storkelzdqndon Research Centre 1999, rfR&y 2002) which incorporated ethnic
fertility estimates and linked to the all group projection model for London Borouigesmodel was
revised by Hollis and colleagues and the 20029 decade saw ethnic population projections become

a regular publicatin that followed the main London Borough projections (e.g. Hollis and
Chamberlain 2009) and were constrained to tfteailis and Bains 2002, Bains and Klodawski 2006,
Bains and Klodawski 200Bains 2008, Klodawski 2009Considerable care was taken toiraate

ethnic specific fertility rates using Hospital Episode Statistics gathered by the London Health

Observatory
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2.5.4 Nested muHkiegion models (MULTIPOLES)

Kupiszewski and colleagues at CEFMR (Kupiszewska and Kupiszewski 2005, éBijalk 2005,

Bijak et al.2007) have developed a model from an idea by Beak (1992) that uses several layers.

For example, in a projection study of 27 EU states (Bggakl. 2005) three layers are recognised:
inter-region migration within states, intstate migration within the EU and ext&J migration. This
approach enables different models to be used in the different layers within a consistent accounting

framework.

2.5.6 The design of a projection model for ethnic groimpthe UK

This review informed thedesign ofour projection model for ethnic groups. The model uses a
transition framework because the vital internal migration information derives from the decennial

censusThe model can be adapted where similar migration data sets are available.

Every projection model has an explicit or implicit accounting framework, which must be consistent.
Table 2.7 provides a picture of the population accounting framework used imdlel. Themulti-
regionframework (Table ZA) consists of a matrix of population flows to which are added a column

of row totals and a row of column totals to constitute an accounts table. The row totals contain births
(in the case of the first, infanefdod-cohort) or start populations (for other peroahorts) and totals

of (surviving) immigrants. The column totals contain deaths-wwivors) and final populations in

an interval. Table2.7B sets out thebi-regional accounting framework for local thorities within
England with Wales, Scotland and Northern Ireland being handled as single ztmesir model

there are 355 such tables, one for each z®he. table variables are for a typical permmhort,

gender and ethnic group combination.
What ae the key features of this framework?

The first feature is that the table holds transition data rather than events data. Transition data derive
from censuses in which a question is asked about
(oneyear before the 2001 Census, in the current analysis). Events data derive from registration of the
demographic events such as birth or death or migration from one place to another. The Sitable
represents the number of surviving migrants residenviirei on 29 April 2000 who live in zoneon

29 April 2001. Note that, in principle, migration data for the years from -200t@wards are also

transition data based on comparison of NHS patient register downloads one yeduapay are

adjusted to age with movement flows from the NHSR Central Regis®re variables in the
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principal diagonalS$', are persons present in zdanat both the start of the year and the end of the

year (surviving stayers). These counts include migrants who moved within the zone.

Table 2.7: Multi-region and biregion accounts for subnational populations using migration
(transitions) data from the UK census

A. Multi-regional accounts for zones 1 to 355

Destinations (survival at end of time interval) |
Origins Zon City of Isle of Wales ¢é N Rest of | Deaths| Totals
(start of time e London & Wight Ireland  World
interval) Westminster
Zone # 1 e 352 353 e 355 R D
England T S ¢ SM©2 SsMP® & sSM™®  SE | DEX | SP
3'52 SM352 2 5 SM3'52,353 Z SM'352,3 Slé352 DES52 SF.’°’52
55
Wales 353 SmM®t ¢  SMm é 3%253’3 SE® | DE®® | sP®?
é : : : : : é é é
N Ireland 355 SMm>t ¢ SMEF2 g\PREIE g “ ES® | DE®® | SP*®
RestdWorld R SI* é SI*>? SP*® ¢ Sl 0 0 Tl
Totals D EP é | EP” EP> EP> __TE | 1D |WE
B. Bi-regional accounts for zone i
Destinations at end of time interval
Origins (existence at Zone | Same zone Rest of the UK Rest of Deaths Totals
start of time interval) World
Zone # i e (UK-i) R D
Local authority i (e SMP SE DE SP
Rest of UK UK-i : é : : : :
Rest of World R S é S| 0 0 T
Totals D EP é EPX TE Il
Key to cells:
Surviving stayers DE | Deaths (nossurvivors) TE | Total surviving emigrants
SM Surviving migrants SP | Start population TD | Totaldeaths (nofsurvivors)
Sl Surviving immigrants | TI | Total surviving immigrants H Total flows (transitions)
SE Surviving emigrants EP | End population 0 Not relevant

Notes:

The accounting framework applies to each pedotlort/sex combination from a@éage 1 to age
100+/agel01+. A similar framework also applies to the first pesatbrt from birth to age 0, except that births
replace the starting population and the flows occur within a pagedohort.

From the start population are subtracted teatlls (norsurvivors)from zonei population, the
emigrant survivors from the zomgopulation, the sum of oumigrant survivors to other zones in the
country. Then we add the sum ofrrigrant survivors from other zones withihe country and
surviving immigrants from the rest of the world. The stayer survivor te8®'s,do not appear in this
accounting equation. However, we do need to estimate 8@'seariables. This is because in the
projection model we will use probabiét of migration conditional on survival within the country.
These are the sum of elements in the rows of the matrix from City and Westminster to Northern

Ireland, including the stayer survivor terms. We estimate these terms by subtracting from the 2001
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Cersus population aged 1+ the total number ofmigrant survivors and the total immigrant

survivors.

Given the number of zones, ages and ethnic groups represented in our projection model, we should
not expect to find reliable data to count directly the ficand transition probabilities needed for the
projection model. Instead we will need to estimate these flows using a variety-wiosiets which

use more aggregate and reliable data together with a set of assumptions, some testable, some merely
plausible n the absence of statistical evidence.
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3. ETHNIC GROUPS, ZONES, AGES, TIME INTERVALS FOR
PROJECTION

We discuss next the stadpace in terms of the population classifications vee us

3.1 The state space: ethnic classifications

We have discussed the issues affecting and alternatives for ethnic classifications in Sedibni2.4.
classifications are based on sedporting though census or social survey questionnaires. Considerable
consultation and debate goes into the forntabf the question. The resulting categories are a
compromise between the demands of pressure groups interested in counting and promoting their own
group and a sensible desire to make the question understandable to the whole poplaliaiove

adopt thedefinition that & ethnic group is a set of people with a common identity based on national
origin and raceWe use the 16 group classification adopted in the 2001 CdosuEngland and

Wales set out in Appendix A.1, which differs from the 1991 Census in recognizing several mixed

groups.

3.2 The state space: countries

Our projections are for the United Kingdom as a whdlee United Kingdom is made of four
countries. The constitutional arngements are complicate®cotland has its own Parliament and
government (formerly the Scottish Executive, now The Scottish Government) in Edinburgh. Wales
has its National Assembly for Wales and its Welsh Assembly Government in Cardiff. Northern
Ireland ha its own Northern Ireland Assembly and government, the Northern Ireland Executive.
England has no specific assembly or government arrangentémidivide up England for forecasting
purposes into local government areas (with a couple of mergers detdded. Males, Scotland and
Northern Ireland are treated as whole zones in the projections, because they have low percentages of
nonWhite ethnic groups, which made attempts to estimate local area component rates and

probabilities forethnic groups difficult

3.3 The state space: local areas

England is divided into local authority areas using the lowesbfiauthority. The Local Authority
Districts (LADs) are of the following types: 33 London Boroughs, 36 Metropolitan Districts, 46
Unitary Authorities an®39 County DistrictsWe have merged two pairs of English local authorities
because one of each pair has a very small population. The City of London is merged with
Westminster, a neighbouring London Borough. The Isles of Scilly in Cornwall are merged with
Penwith, the nearest county district on the mainland. The 354 LADs in England are reduced to 352
zones in our projections with the addition of the three home countries, making 355 zones in total. A
full list of LADs, codes (2001 Census) and names is givekppendix A.2.
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The Office of National Statistigsrovides outlinenags of UK LADs. We have used the definitiomns

force from April 1998 to March 200&eeONS 2A0d). These are the LADs we use for our ethnic
population estimates and projections.April 2009 the number of LADs was reduced by merging
county districts into single unitary authorities (e.g. in Northumberland). Where changes have
occurred, unitary authorities have been created through amalgamation of previous authorities. Our
projectionresults can therefore be easily aggregated to the new authddtles. administrative
geographies, such as counties, the GLA or Government Office Regions, can be built from these
bottom tier local authoritiesNe have also used a number of local authasigssifications to help
analyse the projection results. The lagktable is provided in Appendix 2.

3.4 The state space: ages

The classifications of age we will use recognise single years of age. They are set out in Ap@@ndix A.

It is essential to wssingle years of age in a projection model so that projections for each year can be
produced and so that aggregate age groups can be flexibly constructed. We extend the age range to
100 and over, recognising the higher rates of survival into the oldergelsl that are now present in

the population and recognising the important demands for care generated by the older old population.
We use a pericdohort classification which is the appropriate -igge-plan for projection. Note that

to project the populain aged 100+, we need to estimate survival probabilities for an additional
period cohort (100+ to 101+). The age classification used for fertility rates is shown in Appedidix A.
Fertility rates are reported by periade. The method for handling thesethie projection model is

explained later.

3.5 The state space: sexes/genders

Most variables in the projection model are classified by sex/gender. Appeddinventionally lists
males and females in that order. The sexes only interact in the fertditess, where we adopt a

female dominant fertility model.

3.6 Time intervals for estimation and projection

The time framework for the analysis is as follows. We project populations froryeaid(June
30/July 1) in one year to migear in the next year. Thienables us to compare our estimates and
projections with those of the Office for National Statistics, which are produced foyeard.
Sometimes statistics for the demographic components are published fgreanido midyear
intervals but more frequdgtthey are published for calendar years. Where this was the case we
averaged successive calendar rates or flows to estimatgeanido midyear interval variables. This

shouldnotlead to much error.
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We define the starting point of our projection (thenp off point) to be mi2001. We use the
projection model for all subsequent myidar to midyear intervals. For the first few years, from 2001

2 to 20®-7 the outputs are estimates rather than projections because we use some published data to
estimate the inputs to the projection. In 2@We have employeds inputs updategstimatedor the

fertility and internal migration componenend assumptiongor the mortality and international
migration componentdrom 20089 onwards the inputs are set by assumption (e.g. using the latest
mid-year to midyear rates on a constant basis or adjusting those rates to a new leading indicator).
Table 3.1 illustrates thesarrangements.

Table 3.1: Times and time intervals used in the projections

International Migration
Internal Migration
End Populations

Stocks and flows Jump off Estimates Estimates & Assumptions
(Components) time point Assumptions
2001 20012 é 20056 20067 20078 200851
my my-my my-my my-my my-my my-my
Start Populations é
Mortality é
Fertility é
é
é

Notes

ONS my estimates of ethnic groups based on the 2001 Census used in all projections

Project estimates of rates, probabilities and flows for first period used in all projeatidns
throughout for the BENCHEF and BENCHER projections

Project estimates of rates, probabilities and flows us@dendEF, TrendER, UPTAREF and
UPTAP-ER projections

Project assumptions

Generated by the projection model

my = midyear= 30 June/1 July

One feature of our estimates in the period 2RQt 20056 is that they are independent and distinct

from the ethnic population estimates for local authorities produced by ONS (Large and Ghosh 20063,
2006b). We chose to do this because ONS estimates make no attempt to estimate ethnic specific
mortality, have very flat ethnic fertility estimates and constrain to immigration estimates with which

we believe are flawed. We will therefore have an opportunity to compare estimates for the period
2001-2007.
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4. THE PROJECTION MODEL

This section presents the demogtiapbquations of the projection model. Readers unfamiliar with
demographic modelling theory may find this presentation difficult to follow and may wish to skip to
later sections, 6 and beyond, which describe the empirical estimation of the inputs tgetiopro

model.

4.1 A notation

It is useful to develop a general notation for the variables used in the model. We have several choices
of approach. The first alternative is to adopt a single letterKe @. represent all population groups.

This is the aproach adopted in the transition population models defined by Rees and Wilson (1977).
Variables are distinguished by their attached subscsptss(i lath e.g.K***0 arepersons whexist

in zonei at the start of the time interval and wharvive in zonej at the end of the interval. This
notation is consistent and logical but not widely understood. The second alternative is to use letters
based on the well known life table model, glg, = the stationary population in the age group from
exact age«to x+1. There are two problems with such a notation: the use of prescripts leads to some
algebraic confusion: it is preferable to list subscripts in a time sequencé, giginstead ofiL,.
Secondly, the use of upper case (#IgL) and lower cases(g.q, p, ) conflicts with the convention

that uses upper case letter to represent stocks or flows of population and lower case letters to represent
intensities of transition (probabilities) or events (occurremqmsure rates). A third, popular
alterndive is to adopt different letters for the different transitions or events that change populations
(e.g. M = migrants (internal)] = immigrants (external)i = probability of migration,d = death
(mortality) rate). This is what we do but have to extend \@riables to double letters to clarify

meanings, though this is not liked by mathematicians.

Table 4.1 sets out the building bricks of the notation and then builds the variables that are needed. We
try to use single letter variables as far as possible, but double or triple letter variables are needed.
Refer to Table 4.1 to check the meaning ofialzles. Note that we use lower case letters to refer to

intensities (rates or probabilities), and upper case letters to counts of populations, migrants or cohorts,

improving upon conventional notation.
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Table 4.1: A notation for an ethnic population projection model

Variable Description

Stocks Counts of people

EP EndPopulation in a time interval (count)

P Start Population in a time interval (count)

L Stationary population (equivalent to the Life years variable in a Life table model )
Flows Transitions from one state to another

BI Births

DE Non-Survivors (deaths to persons in a region at the start of an interval)
TS Total Survivors (transitions, survivors from persons moaeat the start of the interval)
NS Non-Survivors (deaths tpersons in a region at the start of an interval)
SS Surviving Stayers (transitions)

SM Surviving Migrants (intexcountry or intezone, internal migrants)

SE Surviving Emigrants (migrants to rest of world, external migrants)

TE Total Emigrations (courdaf migrations to rest of world, external migrants)
Sl Surviving Immigrants (migrants from rest of world, external migrants)
Tl Total Immigrations (count of migration from rest of world, external migrants)
Intensities | Either probabilities or occurreneexposure rates

f fertility rates (occurrence exposure rates)

fc fertility rates for perioecohorts

fp fertility rates for perioehges

d death rates or mortality rates (occurreegposure rates)

s survivorshipprobabilities

ns Nonsurvivorshipprobabilities = 1 survivorshipprobabilities

sm migration probabilities conditional on surairship

se emigration probabilities conditional on surgighip

% sex proportion at birth

Indexes Subscripts osuperscripts

X age index|sed for perioghges and periedohorts)

g gender index (values =0, 1)

e ethnic group (index values =1 to 16, 1 to 18

[ zone index (see Appendix Af@r a lisf), used for origin zones

] zone index (see Appendix Af@r a lis), used for destination zones

t for stocks: a point in time; for flows: an interval in time from t to t+1

4.2 The accounting framework and population components equations

Every projection model has an implicit or explicit accounting framewwehich must be consistent.

The accounting framework consists of a matrix of population flows to which are added a column of

row totals and a row of column totals to constitute an accounts table. The row totals contain births (in

the case of the first, infi periodcohort) or start populations (for other peroghorts) and totals of

(surviving) immigrants. The column totals contain deaths &wmivors) and final populations in an

interval. Table 2.5 sets out the accounting framework that we use. Wg¢ astierlnpting to complete

the multiregional version shown in the top panel but the arrays were so sparse that we switched to a

bi-regional approach shown in the bottom panel. felgional model employs N sets of two regions,

the region of interest and thest of the country. It is thus a highly simplified version of the multi

regional model.
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Table 2.5 refers to each periodhortsexethnic group combination and so are repeated 102 x2 x 16
= 3264 times in the model computations. The-mdant cohort (nmbers 1 to 100 in Appendix B).

and the infant periodohort (number 0 in Appendix A.4) differ in their starting stocks: in the typical
periodcohort these are the populations at the start of the time interval, while for the infant period
cohort the stantig stocks are births during the period (by ethnic group of child). There are also some

differences in treatment of the last permzhort (100+ to 101+) which we describe later.

What are the key features of this framework? The first feature is thatbifleehtalds transition data

rather than events data. Transition data derive from censuses in which a question is asked about a
persondés wusual residence at a fixed point in th
analysis). Events data degifrom registration of the demographic events such as birth or death or
migration from one place to another. Sbf' represents the number of surviving migrants living in

zone i at the start of a time interval and resident in zone j on 29 April 2001zomBs in our system

are either local authorities (350 zones) or merged local authorities (2 zones) or home countries (3).
Note that, in principle, migration data for the years from 2BQinwards are also transition data
based on comparison of NHS registownloads one year apart. However, in practice, they are
adjusted by the Office for National Statistics to be consistent with counts of record transfers between
health authorities (much bigger zones than local authorities) to yield published countgatfomig
events. We therefore use this information to provide a dimensionless time series index adjusted so that

the year prior to the census has a value of 1.

The table elements in the principal diagoi®8, are persons presentthre country at both t start of

the year and the end of the year (surviving stayers). These counts include migrants who moved within
the zone as well as people who have resided continuously at the same address. Migrants from an

origin zonei to a destination zorjeare represated asSM'. We use a summary of the eutgration to

all other zones in the system (region r):
SM" =1;,SM (4.1).

We also use a summary of all eatgration from other zones in the system (region r) to the zone i of

interest:

SM' =1;,SM (4.2).
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A key point about the accounting framework is that it should put together in a consistent fashion all
the population flows required to connect the start population in a time interval to the finish population.

So the end of interval pomtion (for ethnic groue, agex and gendeg in zonei) is given by:
EP=SPi DE'i SEi SM +SM" + SI (4.3).

From the start population are subtracted the dedd) from the zonei start population, the
surviving emigrants§E) from the zoné population and the sum of emtigrants M) to the rest of
countryr. Then we add the sum of-imigrants from the rest of the counti$M' and surviving
immigrants,Sl, from the rest of the world. The surviving stayer ter®$, do rot appear in this
accounting equation. However, we do need to estimate 8tesariables because of the method used
to estimate the migrant flows (explained later).

Given the number of zones, ages and ethnic groups represented in our projection encthelyila

not expect to find reliable data to count directly the flows and transition probabilities needed for the
projection model. Instead we will need to estimate these flows using a variety-wfosiéts which

use more aggregate and reliable data tagethith a set of assumptions. We now convert the
accounting equation into a projection model by substituting for each flow (set of transitions) a product

of a probability and a population at risk and show how the probabilities are estimated.

4.3 Births, fertility rates, and mixed births

The fertility part of the projection model sometimesplaced after all periedohorts present in the
start population have been processed. This is usually done so that the start and end populations in a
time interval of female populations in the reproductive ages is known. So we can estimate and use

conventonal periodage specific fertility rates for ethnic groups and use them as follows:

6 OB Qm YO 00 (4.4)

where y is the sex proportion at biri{0.513 for boys and 0.487 for gir)lsgssumed constant over all
ethnic groups, mothedsges and time intervals, wheffg are the age x specific periage fertility
rates for ethnic group e in zone i, and the start and end populations at risk are for females (subscript F)

only. This is therefore a standard femalendtmant fertility model.

However, because of the computatibdemands of handling population 865 zons, 16 grous, 2

sexes andd2 ages, we decided to calculate the births at the beginning jpfajeetion computations
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so thattheinfant cohort carbbe processed with all other computations. As we do not have the start and
end population, we cannot apply equatfér) to calculate the number of births into an ethnic group.
Instead, we estimate period cohort fertility satieom the period age fertiljt rates by averaging the

period age fertility rate of an age group

MNOO ™z QR 6 QR o (4.5)

where fc is the estimated period cohort fertility rate and fp is the period age fertility rate.

e T
e
P
P
e
e

| Time >

Figure 4.1 Age-time diagram showing a periodcohort space

In Figure 4.1 he filled squares represethte periodage spaceour fertility rates refer toThe red
parallelogram represents the age time space we aim to achievelyiggpquatiord4.5 to the data.

We then apply estimated period cohort fertility rate to the fertile women at the beginning of the

period,usingthe ages 10 to 49 to calculate the number of births into each ethnic group
6 Qo6 z°YD (4.6).

We then add one crucial ingredient to this model to achieve mixing of ethnicities at birth. The births

in equation (4.6) are defined with respect t o
different ethnicity, the child will be of mixed origi Mixed groups are recognised in the 2001 Census
guestion. Parents may not necessarily decide to give their child a mixed label but to assign their

of fspring to the motherdds or fatherés ethnic gr

from the 2001 Census which classify infants aged
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own. From these tables we compute the probability that an infant has etlmigity v e n

ethnicityme, P(ie|mgand apply it the projected births:

6 0 aQ

(4.7).

mot her 0

The probability is computed for a larger region | into which zone i of interest fits (usually the

Government Office Region). Table 4.2 presents the conditional probabilities for England. The highest

valuesoccur in the principal diagonal of the table where the infants have the same ethnicity as their

mothers. There are significant @ffagonal entries for some groups, for example, White Irish mothers,

the majority of whose children are classified as Whitéidr. There is also much mixing among the

mixed groups, the Asian groups and Black grodpsot of childrenareborn to noAWhite British

mothers and White British fathers.

Table 4.2 A mixing matrix for England, 2001 Census

2001 Census, CHINESE OR
England WHITE MIXED ASIAN BLACK OTHER
White
and White
Ethnic group of Black and White Black Other|% net
mother: Other| Caribb Black and Other| Pakista Bangla Other| Caribb Black Other|Chines Ethnic|gain or
percentages Totals| British  Irish White| ean African Asian Mixed| Indian ni deshi Asian| ean African Black e Group|loss
Totals 100.0] 100.0 100.0 100.0] 100.0 100.0 100.0 100.0f 100.0 100.0 100.0 100.0f 100.0 100.0 100.0] 100.0 100.0 0.0
British 643 49.7] 210 235 402 335 26 2.9 3.8 7.8 35 2.7 7.8 59 128 12
WHITE Irish 0.4 01 254 0.3 0.0 0.0 0.3 0.2 0.1 0.0 0.0 0.2 0.1 01 0.0 0.1 0.1] -65.1
Other White 2.2 0.4 44 401 2.2 4.9 3.0 6.1 0.3 0.2 0.2 1.7 0.6 0.6 1.9 0.8 3.1 129
Caribbean 1.5 11 17 15| 481 815) 2.7 3.4 0.2 0.1 0.2 0.6] 15.2 0.3 7.0 0.4 0.7] 212.0
MIXED African 0.5 0.3 0.7 16 20 389 11 17 0.1 0.1 0.1 04 03 55 1.1 0.0 0.4| 151.0
White and Asian 1.2 0.6 15 2.3 0.9 09 391 4.0 74 19 17 7.1 0.5 0.2 0.4 58 185| 257.4
Other Mixed 0.9 0.3 0.9 22 121 116 59 412 0.8 0.3 0.6 3.9 2.1 0.8 11.1] 161 14.4| 1862
Indian 2.1 0.0 0.1 0.2 0.5 0.3 11 0.8 1.6 1.2 4.6 0.2 0.4 0.3 0.4 0.7 -10.4
ASIAN Pakistani 2.4 0.1 0.1 0.2 0.5 0.0 2.4 1.1 2.3 2.4 4.3 0.2 0.3 0.3 0.2 08| -1.8
Bangladeshi 0.9 0.0 0.0 0.2 01 03 0.9 0.4 0.4 0.6 15 0.0 0.2 0.0 0.0 03[ -47
Other Asian 0.6 0.0 0.1 0.4 0.4 1.3 1.7 1.2 2.0 1.9 16 651 0.3 0.6 0.6 0.3 20| -43
Black Caribbean 1.0 0.0 0.2 0.1 8.8 12 0.3 17 0.1 0.1 0.1 0.2] 658 1.9 7.2 0.1 0.2| -23.0
BLACK Black African 1.7 0.0 0.2 0.6 0.7 10.7 0.2 1.1 0.2 0.1 0.1 0.6 4.0- 6.5 0.2 08| -9.8
Other Black 0.4 0.0 0.1 0.2 2.6 24 0.2 1.7 0.0 0.0 0.1 0.4 7.2 56 554 0.1 0.5| 68.6
OTHER Chinese 0.4 0.0 0.1 0.1 0.0 0.0 03 0.7 0.1 0.1 0.1 0.1 01 0.0 0.0] 683 11 -22.0
Other Ethnic Group 0.4 0.0 0.2 0.3 0.2 0.6 0.6 1.3 0.2 0.2 0.5 1.6 0.0 0.1 0.4 12 436| -453
Key to percentage classes I >=50% [ ls0%-<sow [ Josw-<s0% [ Jiw<2s% [ |<1%

Source: Computed by thethors using a 2001 Census Commissioned table.

Notes: The table displays sending percentages, i.e. the percentages of children under one born to mothers of
each ethnicity classified by the ethnicity they were assigned in the c@nkus. mot h e r Hrepresemtddni ci t y
ethnicity
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In the Greater London ethnic group model this method is extended to bring in the potential influence

of the male population by age and ethnicity on the ethnicity of the child (B&lodis and Clarke

2005). The method uses the census distribution of men by ethnicity for a London Borough to modify
chil

larger area. In a future projectiome may introduce this method, after testing it for robustness.
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4.4 Survivors and nonsurvivors using survivorship and nonsurvivorship probabilities

We have specified the projection model using transition probabilities, because the most detailed
migration data from the census come as transition variables. However, previous use of such data in
projection models based on transition data has been difficult to implement for two reasons. The first is
because migration probabilities and mortality probabilitiesl@gr ages may turn out to exceed one
(leading to negative probabilities of being a surviving stayer). This is because we cannot guarantee
that only nomrsurvivors from our start population appear in the deaths count and because of errors in
age reportingt very old ages. The second concerns the discrepancy between observed death rates that
measure deaths using occurrepgposure rates for an average population in a zone in a time interval
and the required nesurvival probability for start populations origin zones. To convert the former

to the latter requires use of either iteration or matrix inversion which can lead to convergence
problems at older ages for systems with large numbers of zones, given the problem of estimating the
migration and survivahip probabilities.

To solve these problems, we propose a simple assumption that survivorship probabilities derived from
the standard life tablproduced usingccurrenceexposure mortality rates based on zone of death,
‘(J , are a reasonable estimdte nonsurvivorship probabilities for origin zone populations at the

start of the periodQ’:

QO (4.8).

To estimate nosurvivorship probabilities, we use the standard life table model equation for

survivorship probabilitiess,, for regioni:

Sy = L/l (4.9).
We then compute nesurvivorship probabilities as:

dy=1-58, (4.10)

Life tables have not, to date, been developed for ethnic groups although they are regularly produced
for countries (full life tables using single year age intervals to 100+) and for local authorities
(abridged life tables using five year age intervals véatles O and 1 to 4 to 85+). To estimate
survivorship probabilities for local areasethnic groupe, periodcohortx and gendeg we use a
method that converts standardised illness ratios (SIRs) for ethnic groups into standardised mortality

ratios (SMRs)nd thence agspecific mortality rates and ethrspecific life tables (see section 7 of
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the paper, Rees and Wohland 2008 and Reas. 2009). Using standard life tables to generate the
survivorship probabilities has the advantage that it is relatigaby to introduce new projection

assumptions based studies of mortality rate trends or future scenarios of the mortality rates.

Survivorship and nosurvivorship probabilities are used to generate the total number of survivors,
TS,, from the start populns of origin zonesSP,, and the total number of deaths experienced by
members of those populatiorBE, (see Table 2.5). We project the total number of survivors of the
starting population for each ethnic group and gender as follows:

TS, = s, SP, (4.11)

Note that total survivors are the sum of surviving stayers, surviving (internathigtants and
surviving emigrants (Table 2.5):

YY Y'Y YD YO (4.12)

Deaths are projected by multiplying tinen-survivorship probabilities by the start populations by
local area, ethnic group, peri@dhort and gender:

DE, = d', SP, (4.13)

so that the following holds:

00 YO Y'Y (4.14)

Note that the deaths can occur anywhaand so include ouni gr ant s who di e. We

estimate these.

4.5 Emigration and surviving emigrants using emigration rates and survivorship probabilities

The next terms we need to estimate and project are the emigration probabilities and emigrants.
Because the accounting framework is built on transitions, we need to estimate surviving emigration
probabilities. The statistics available on emigration derisgost exclusively from the International
Passenger Survey (IPS) which estimates the number of emigrations occurring over a one year interval.
The estimate is based on a question about intention to leave the country for 12 months. However,
some of these emgiants may die before the year is out and we have already made an estimate of these
norsurviving emigrants in the mortality/nesurvivorship probabilities. The emigration counts must

be converted to surviving emigrants by applying survivorship probabkilttiat reflect the reduced
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risk of exposure to dying (as emigrants exit the UK month by month during a year and can be
assumed to spend half the year at risk of dying in the UK). We use the square root (geometric mean)
of the survival probabilitys,, to estimate the surviving emigrant probabilisg,. Then we need to
subtract from these survivors an estimate of the projected number of surviving emigrants. Emigration
and immigration in the UK are measured as prospective events via a survey which agks ab
intentions over the next 12 months. So first we estimate the rate of emigratjofiom the total

emigration countE';
re’, = E'/SP, (4.15)

The flow of people declaring an intention to emigrate is subject to mortality and musvivedto

the end of the annual interval using a survivorship probability that reflects their average exposure in
the interval. Here we use the geometric mean or square root of the survivorship probability to estimate
the probability that emigrants will stive to the end of the projection interval and hence the

probability of emigration and survival.
sé, = (s re'y (4.16)

The number of surviving emigranSE, is projected by applying the surviving emigrant probabilities

to the starting pagation:
SE, = sd, SP, (4.17).

In the model implementation this is done in one step:
8

YO i i QYD (4.18)

4.6 Within country survivors as a stepping stone to internal migrant projection

Then we can compute the number of the starting population who survive within the coitrigy

subtracting surviving emigrants from total survivors:

WS, = TS, - SE, (4.19).

Substituting forTS, we obtain

WS, = SP, - DE, - SE, (4.20)
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Then we can estimate surviving internal migrants within a country:

SM', =sm", WS, (4.21)
where

snf, =SM" /WS, (4.22).

How can we measure these probabilities of migration given survival within the country from the latest
census? The surviving migrant variables are recorded directly in the census migration tables, but
within region surviving stayersSS, are not usually tabulated. We must therefore compute this
variable from the census migrant data and the census populdt@final populations of the year
before the census for which migration is measured) by subtracting surviving (intermadjrémts to

a zone and surviving immigrants from abroad from the end population (the census population):
S$, = EP, - SM', - SI, (4.23).

This enables the computation of the total survivors within the country:
WS, = SS, + SM", (4.24)

and thus the estimation of probability of migration within the country conditional on survival within a

country using equatio@.17) above.

4.7 Internal surviving migrants using migration probabilities conditional on survival

What does this rormulation of thebi-regional projection model achieve? Essentially, the re
formulation using internal migration probabilities conditiboa survival decouples the processes of
mortality and migration and enables us to develop separate models for each component. We will use
two sets of properly defined probabilities: the relevant aggregations of survivorship and non
survivorship probabities will always add to one and the appropriate conditional probabilities of

internal migration given survival within the UK will always add to one.
Using the probabilities of migration betweeanesconditional on survival within the cougtrwe

project the surviving internal migrants between zones within a country by multiplying the

probabilities of migration given survival by the projected within country set survivors for zone i:
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SM', = s, WS, (4.25)
and for zone r:
SM', = snT', WS, (4.26).

These projected variables are used in two ways: asigustion flows to be subtracted from the
starting population and as-migration flows to be added to the starting populations to yield the final
populations.

4.8 The final populations

We can now bring together the equations defined above and boil down the projection into one
statement of how the end population in a time intef&8l, is computed for the zone of interest:

EP,= SP,i m'y (SP,i sé,SP,i d\SP,) i sé,SP,i dSP,
+m' ([ BT SPJ i [ Be.SP.i seSPJi[ HSPi d\SP)])
+ Sl (4.27)

It is useful to spell out in words what each term in the projection equation means. This is
accomplished in Table 4.3hese equations for a typical ethnic group, gender and pevivalt are
repeated for all period cohorts except the last. In the first pedbdrt from birth to age 0, projected
births are substituted for the start population. We explain the fertitigfeinthat generates projected
births above. Care is taken in the estimation for the terms for the first jpetiadt to allow (either
empirically or by assumption) for the shorter period of exposure to transitions for infants born during
a year (see Seotis 5.2.3, 5.2.5). We assume the exposure period is half a year on average. The last
periodcohort is treated differently only when the projected end populations of a time interval are

converted into the start populations of the next.
For a typical perid-cohort this is achieved thus:
SP(t+1) = EP'(t) (4.28)

where t and t+1 refer to successive time intervals. For the last jafwdt, this assignment

combines the end populations of the last but one, dgedodcohort, and the last pedeacohort, z:

SP,(t+1) = EP',.4(t) + EP, (t) (4.29).
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Table 4.3 Definitions of the terms in the equation for the end of time interval population

Algebraic term

Definition

EP, End of interval population in zone i, periacdhort x
SP, Start ofinterval population in zone i, periazbhort x
m', Probability of migration from zone i to the rest of the country r for

periodcohort x, conditional on survival within the country

(SPT sé,SP,1 d,SP,)

The population in zone i at the starttioé time interval who survive
within the country over the time interval (modelled)

SEx SPy Surviving emigrants (modelled) from zone i for peramhort x

d, SP, Non-survivors (modelled) from zone i start population for period
cohort x

[ #SP.T SP The population of the rest of the country for zone i and pearodabrt

X

[ #6€,SP,T sé,SP,

Surviving emigrants (modelled) from the rest of the country for zg
for periodcohort x

[ /ISP dySP]

Nonsurvivors (modelled) fromhie rest of the country for zone i staf
population for periogtohort x

Sl

Surviving immigrants for zone i and pericdhort x
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5. SOFTWARE FOR IMPLEMENTING THE PROJECTION MODEL

To implement the ethnic group and local area cohort component model for the UK we use the

software R. From the beginning of the projeatil December 2009 version 2.7.0 was used. From

January 2010 version 2.10.1 (released 14.12.2009¢mpfoyed

The curent version of the model implementation consists of four scripts.

1
1
T

T

Script 1: reads in and arrangsthedata

Script 2: runs the model for 2002 andcomputeghe 2002 midyear populatian

Script 3: compiles R function to rutihe projection

Script 4: runs he model and creatéfse output

Scripts 1 and 4 can be specified for particular projestiscripts 2 and 3 are never changgdurce

locationsof the Scripts are given in Appendi5.

5.1 Script I reading and arranging the data

With the first script all input data are read in and arranged in the necessary way. For the benchmark

projection, only data from 2001 are read these initial data are miZ001 populations and

component rategprobabilities and flow$or 20012. For theother projections (Trend and UPTAP)

estimates for fertility, migration and mortality are also needed for after20@drtility and migration

estimates are done in separate computations and the dmataseparatedrariablefile products are

importedinto the projection model. This approach was chosen, as it requires less RAM for running

t he

projection model

Oonl vy

survivor shi

p

probabi

into the software. For easier implementation of the model, alitidpta have a final exteof 204

columns and 5680 rows. 5680 rows are the result ofz8b8&sby 16 ethnic groups. The first 102

columns are reserved for male data, the next 102 for femalevd#éitessome small differences in the

array for the first, ifant cohort Table 5.1 shows the organisation of the standard array used.

Table 5.1: The standard array used for processing in R

Running numbel  Ethnic group LA Ages Ages
1 1 1 Men Women
355 1 355 Mén Wohen
356 2 1 Men Women
710 2 355 Men Women
53;26 i6 1 Men Wohen
5680 1.6 355 Mén Wohen
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Alongside the intensities and 2001 midyear population data, the mixing matrix (see also sections
2.4.3, 4.8. and Figt.3), birth proportion factors (0.513 for boys and 0.487 for girls), a mortality trend
matrix and lookup tables for ethnic groups and local areas are imported as well. In the TRENDEF
projection, the TFR is kept constant at 1.84 from 2008/9 onwards.sTténe by scaling the 2007/9
average TFR to 1.84. A detailed list of the input files for each of the projections is supplied in
Appendix A.6. The projection pairs BENCHER and BENCHEF (see section 10), UPTAPER and
UPTAPEF (see section 10), have each theessen of input data, as they only differ in thay future

migration is computed

5.2 Script 2: running the model for 20012 and creating the 2002 midyear populations

We describe the implementation of theds| step by stepAs we use a standard array sizé63®

rows and 204 columns) for the population data as well as all intensities, the implementation of the
projections model in R is easy in most steps. For example, to calculate the number of Births as
described below, one only needs to multiply the feytildtes array with the population array. This
results in an array of the same extas the input arrays, containing the number of children born into

an ethnic group, by single year of age of the mothers and local authorities. Therefore, the equations

descibing the projection model in Section 4 are equivalent to the computation done in the model runs.

5.2.1 Births

The first step in the model is to calculate the number of births born in the given ged0(®2 the

female populationat risk is multiplied by the 20012 fertility rate (estimation described belovo)
calculatethe number of birthor 20012. For each of the consecutive years, we used an approximate
fertility rate to calculate births in the given year, equation (£8jculating the numbeaf births in

the first step enabldbe model to do akkalculatiors in one stage, without having to treat the infants
separatelyAfter the number of births to mothers of an ethnic group is calculated (4.6), the mixing
matrix is used to calculate the nuentof children born into an ethnic group (4.7). The number of total
births into an ethnic group is then disaggregated into boys and girls by applying the male and female
birth proportions. These are then added as the first column into the populationTagagsulting

population is thestart-populationof the projection.

5.2.2Survivors

In the next stepsurvivorship probabilitiesare applied to thetartpopulationto calculate thdotal
survivors(equation 4.11) andonsurvivors(equation 4.14) in thgiven time period

5.2.3 Emigrants

In a first step we calculate the emigration sdioe infantsborn in the course of the ye@ges-1 to 0)

We do this, by assuming the emigration rate to be half of the emigration rate of the 0 to 1 year olds
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i Q ™i Q (5.1)

We then calculate the numberfrviving emigrantas follows We have two variations to compute

the number of emigrants (see also Section 10 Assumptions). One versiomntigation flow, is

based on the assumption of a set number of emigrants from the UK. In the second appreach, ER
emi grati on r ayemigrationerate8 w thé pogulatem gb risk, this means, the number of
emigrants depends on the population size. If population increases, the number of emigrants will
increase and vice versa.

The surviving emigrants are deducted from the total sursiworboth approaches, ER and E#,
compute the within country survivors (equation 4.18).

5.2.4 Outmigrantsfrom zone and into zonassing abi-regional model

In this step, the numbers ofitmigrantsare calculated by multiplying theurviving populatnin an

area by theoutmigration probabilityout of an area. At the same timep@liminary number of in
migrants into an area is calculated by multiplying population in the rest of the country (the total
population of all zones minus the populationtw zone in question) by the probability of migration
from the rest of the country into an area. For each ethnic group the ratio of numbemigramts to

the number opreliminaryin-migrants is calculated. This ratio is then used as a correction factor
scale thepreliminary inmigrantsso their total number is equal to the total numbeowfmigrants

out of all areas for each ethnic group. Thusfited number ofin-migrantsinto an area is computed.

5.2.5 Immigration and final population

As the immigration flows are available for ages 0 to 100+, the number of immigrants born in this

year, is also calculated in this step.
i Q ™i Q (5.2).

The final populationfor an area is calculated in this second last step by adding the (surviving)
immigration flow and thefinal in-migrants to the surviving stayersin an area. Survivorship
probabilities are not applied to the immigration flow in the current model impletimmta trial run
considering survivorship for immigrants (8) only showed a marginal difference in the projected
population number. We decided mortality in immigrants is too marginal to be considered for two
reasons: international migration takelsge in ages when mortality is low; secondly, the healthy

migrant effect will decrease mortality in immigrants even further.

5.2.6Population aging and new start population
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In the last step thénal populationi a g forsvard one yeargquationd.28) For the last, opeended
age group,His is done by adding tHaal populations for théast two ages99 years of age and 100+
year of agetogetherto become the 100+ group in the following yéequation 4.29 T hi s HfAagedo

final population is also theopulation which will start the next projection cycle.

5.2.7 Components

At the end of the script, total numbers of births, deaths, start populations, end populations, internal
migrants, emigrants and immigrants for each ethnic group and for each lo@aitawtie calculated

as well.

5.3 Script 3: compiling the model function

R allowsthe programmeto custom design functiorier any sequence of calculations. This feature is
used here; this script compiles the model function which isuked in the lastcript. Two functions

are compiled, one for the EBne for the EF approach.

5.4 Script 4: running the model and creating the output

Script 4runs the model. Herave specify which intensity estimates (see Table 10.3) are used to
comput e a-yeprgapulaien. Rikeefibe computediata in working memory. Further data
analysis can be done at this stage without a need to write out the projected numbers in spreadsheet

format first.

5.5 Data preparation scripts

Before the above model was run, el input files for the five population projections were produced.

This was done outside the main projection, primarily teesworking memory. The key tasks
preparing input data were to convert the initial data into the correct time frame. Converimgacal

year data into miyear to midyear data was necessary for the fertility data and survivorship
probability data. Secondly, 2001 based data had to be extended. This was usually done in to steps. The
20012 data were extended from available estimatpstal 20067 or 20078, depending on data
availability. After this point in time assumptions were appliedhfollowing years. In the next

sections, datpreparatioris described for each of the intensities.

5.5.1 Survivorship probabilities

The first suvivorship probability data were derived from life tabtmlculaed by Reest al. 2009.
The population data were 2001 midyear estimates and the mortalityvdeg&2001calendar year

counts The resulting survivorship probabilities therefore refer todhlendar year 2001. For our
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projection model, these data need to be transformed inteyagaidto midyear data and extended
beyondthe 2001/2 timeinterval To achieve 2001/2 data and to extend survivorship probabilities up
to 2006/7 we used a mortalityrte series of total population in each Lthi§ series had nethnic
information). In the course of studying life expectancies across the UK local areas we the
constructed a 16 year time series of life expectancies in the UK, from 1991 to\Z6dlaifdet al.

2009). These abridged life tables also contain survivorship probabilities for all 432 UK locatleeas,
UK and each of thehome countries. We used the information from 2001 onwards to extend our
survivorship probabilityestimates until 2006/7. Thisas done bycalculating the rate of change of
survivorship probabilities of the total population of each local authority compared the total population
survivorship probabilities in the year 2001. Starting with the year 2002 we calculated a change rate:

Yi i i (5.3

and usd this as the scaling factor for each ethnic group

[ Yiz (5.4)

where'Y iis the scaling factowis the year/Qhe local area an@the ethnic group. In cases where this
leads to survivorship probabilities of above one, the survivorship probabilities@redat 1. To
compute already the 2001/2 survivorship probabilities, the survivorship probabilities for 2001
calendar year (CY) biA, SYA and ethnic group where scaled by the scaling factor calculated by
dividing 2002 CY by 2001 CY data for the total population and so forth. As the scaling factors were
derived from abridged life tables, factors computed for each five year (FY)rage gre applied to

the SYA data contained in a FY group. The extension of survivorship data beyorid @@86ione

within in model run (see above).

5.53 Issues with theldest ages

There are general issues with accurate measurements for the oldest agesnodel survivorship
probabilities in for the oldest ages (99, 100+) were overestimated by the JAVA script used to calculate
the initial 2001 survivorship probabilities for each of the ethnic groups. To correct for this
overestimation in the shorérm we adjuged the oldest ages for all ethnic groups, by the percentage

decline observed in the total population from ages 98 to ages 99 for each local authority.

5.54 Fertility input data generation
Fertility data supplied are 2001 CY data, ASFRs MASor the ages 10 to 49 by ethnic groups.

These data need to be transformed into midyear to midyear data and extended for the TREND and
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UPTAP projections beyond 2001. The extension is done in 2 stefhe first step, data from 2001/2

to 2007/8 are comyied These are used in both, the UPTAP and the TREND projections. The 2001/2
file is also the fertility input file for the BENCH projections. For after 2007/8 the TFR of the total
female population is fixed to 1.84 within thescript for the TRENDE projection (see above). For

the UPTAP projections files from 2008/9 to 2021/22 are generated in a second step. Thereafter,
fertility rates are assumed to be constant at 2021/22 rates.

To compute 2001/2 to 2007/8 data, rates of change from 2001 CY FY ASRRfalowing CY FY

ASFR for each LA total population are calculated. These total population calendar to calendar year
rates of change are than applied to each ethnic groups 2001 ASFR SYA data (each FY rate applied to
the linked SYA contained in the FY grq) to compute 2001/2, 2002/3 etc ASFR SYA by ethnic
group and LA dataBeyond this time period, fertility rates for the TREND projection are calculated
within in model run (see abovdjor the UPTAP projections, we extend the 2007/8 ASFR SYA data

by ethnicgroup specific expected trends up to the year 2021/22.

5.55 Internal migration input data generation

Internal migration data origin from the 2001 Census and refer to transitions that took place between
one year before the Census up to the Census da&0ih 2Ve call this the 2000/01 time peri@aur
projections however have as a starting point the midyear population of 2001. For this reason we
alreadyneeded testimate the internal migration data for the jump off year (2001/2). To update SYA,
LA by ethnic group internal migration data, the rate of change of total population outflow of a region
as well the rate of change of the total population inflow into an area were calculated. The rate of
change was calculated as the rate of chavitterespect tahefirst year,the 2000/1 time period and
applied by multiplying the outigration probabilities or imigration probabilitiedy the midyear to

mid-year change factor
5.56 International migration input data generation

5.56.1 Immigration

Immigrationdata were supplied as midyear to midyear data. For 2001/2 flows were supplied by SYA,
LAs and ethnic groups. For 2002/3 to 2006/7 total flow data by LAs were supplied. These were
disaggregated into SYA and ethnic groups by specific ethnic and age pdegfilesd from Census

2001 information feeSection8). Data from 2007/8 to 2014/15 were derived from scaling the 2006/7
data by home country specific multipliers which were derived considering the anticipated net
migration number for each time interval. 3d® scaling factors varied between the TREND and
UPTAP projections, allowing for lower total immigration flows in the UPTAP projections compared
to the TREND projections.

5.56.2 Emigration
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Emigration data are midyear to midyear. Emigration data for 200&te original supplied as
emigrant flows by single year of age. As described in Section 10, we have two model variations, one
which considers migration as a proportion of the population and requires emigration rates data, the
other one considers a to&higration flow derived from and assumed yearly net migration fues.
calculated emigration rates for the first year (midyear 2001 to midyear 2808)viding the
emigration flow data by the midyear population of 2001.

Od QQI o 0wEE (5.5)

This however can lead to a zero emigration rate, if the emigration flow was zero, or an undefined
term, if the population at risk was zero. As the emigration flow by ethnic group, local area and single
year of age were disaggregated from total emigrafimnsf from local areas, in some instances the
emigration flow was larger than the population at risk, which with the above calculation will lead to a
emigration rate of above one. To avoid emigration rates above one, zero or not defined emigration
rates, wesubstitutefor the cell valueconcernedhe national emigration rates by single year of age

for each ethnic group.

This leads to an underestimation of emigrants by 7745 persons in the first year, if we calculate the
emigration flow backwards, that is ttiplying the 2001 midyear population by the emigration rate.

This is the result of how emigration rates are estimated. We apply national emigration rates areas with
no people present. To estimate emigration rates for the-@®af to 200& we first catulated
emigration rates for the total population for each local authority from the available total emigration

flows and the midyear populations.

Oai ‘ T ZP T (5.9

Where O di is the emigation rate,0 & "Qa &tbe emigration flow and) w0 ésfthe midyear

population. Subscriptis the year and superscrighe area.
Data for the periods from 2007/8 to 2014/15 were derived in a similar way as described above for
immigration flowsin the same period of time. 2006/7 emigration rates were scaled with the same

scaling factors/ multipliers as those for the immigration flows.

A list of all files used in data preparation can be found in Appefadix
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6. FERTILITY ESTIMATES, TRENDS AND ASSUMPTIONS

Age specific fertility rates (ASF8 by ethnic group, as needed for our cohort component maickel
not readily available in the UKn the followingsectionwe describe the steps employed to estimate
ethnic group specific ASFRor local Authorities in the UK.

The overall fertility levelin a populationis summarised using a total fertility rate (TFR). Calculating a
time-series of ASFRs and TFRs from the 1980s to 2006 has been achieved here for all women using
vital statisticson births and official mig/ear estimates as denominators with all data allocated to the

LA geography by the national statistics agencies (see Troataals 2008 for trends in England and

Wales). Figure 6.1 illustrates ASFRs in Bradford and in Leeddy bbtwhich are multicultural,

university LAs but evidently have rather different fertility trends since 1981. In both, the curves move
down and to the right as fertility gradually f a
to have children amewhat later in their childbearing years. Leeds overall has lower fertility than
Bradford with the |l atter having a somewhat o6éyou
fertility between 2001 and 2006, which has continued to 2008.

Bradford Leeds
175 4 175
—1981 — 1981
150 4 —8—1991 150 4 —8— 1991
g —A— 2001 2 —A— 2001
; 125 4 —— 5006 ; 125 —— 2006
E 100 - gloo 1
;—:J 75 E 75 A
‘é 50 - 2 g
< <
25 25 4
0 ' ' ' ' ' ' 0 T T T T T
<20 20-24 2529 pge30-34 3539 40+ <20 2024 2529 pge30-34 3539 40+
Figure 6.1: Age-specific fertility trends, Bradford and Leeds, 19812006
Sour ce: Aut horsoé calculations based on vital statisti

The need in this research is to estimate ASFRs and fertility trends by ethnic group. \deiety of
population and sample data sources are used to estimate rates since the necessary ethnic group
information is not necessarily available by thmeint, data source and geography. Table 6.1
summarises the sources used here and outlines thentlgeographical and demographic detalil

which each provides. TFRs by ethnic group and LA are estimated from 1991 and 2001 Census data
using child to woman ratios (CWRs) which are assumed to emulate family size by ethnic group
(Sporton and White, 2002). Anal trends in national level ASFRs by ethnic group are derived from

the Labour Force Survey (LFS) by modelling the probability of a woman having a child based on her

age and ethnicity.
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Table 6.1: Sources to estimate fertility by ethnic group

Source Time Geography Ethnicity  Fertility Notes

point measure
Census Area 1991 LAs 10 groups 1991 Ethnic group categorie
Statistics can be aligned with the 20C

categories by assuming the

Child to ; :
woman ratios S9Nt are equivaleraver
2001 LAS 16 groups 1o estimate time (Simpson, 2002, p. 77)

. 1991 data can be adjusted t
TFRs by ethnic the 2001 geography

group (Normanet al.,2003)
Children not directly linked
with mothers

Census 1991 National 10 groups . Provides national level
Child to i : ,
Samples of . fertility estimates by ethnic
. woman ratios
Anonymised to estimate group and acts as a control
Records 2001 National 16 groups for LA estimates

TFRs by ethnic Children are directly linked

group .
with mothers
Labour Force Annually National A variety Modelled Small numbers and changin
Survey from of different probability of  ethnic information mean the
1980s to groups child provides information for only five
date over time ASFRs by broad ethnic group can be

ethnic group  estimated reliably

Using CWRs inBradford and Leeds, ethngpecific TFRs have been estimated with examples
illustrated in Figure 6.2. Higher fertility rates are shown for Pakistani and Bangladeshi women. Rates
for Indian women are closer to the White group TFRs, particularly in Leeddothl ASFRs for all
women (Figure 6.3) have been adjusted for overall level using these TFRs by ethnic group and for
shape of curve usingthe LESer i ved nati onal estimate of each
the Bangladeshi group have high fetyilivith the peak age of giving birth for women in their early

20s. The Pakistani curve is similar and a little lower. Whilst the TFR for Indian women is just a little
lower than for the Pakistani group, the curve is somewhat older, resembling that dfiteesiihic

group. In Leeds, fertility levels for all groups are lower than in Bradford and the ASFR curves much
flatter with the peak ages of fertility for women in their late 20s and early 30s. Figusedvs the

broad ethnic group information and th#éme disaggregation to more detailed groups which used

information for England in a commissioned table from ONS.
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Figure 6.2: Estimated TFRs, Bradford and Leeds, 1991 and 2001
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Figure 6.3: Estimated ASFRs by ethnic groupBradford and Leeds, 2001
Source: Aut horso6 calculations based on vital statisti
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The data sources are triangulated to provide the fertility estimates (Figure 6.5). For each year from the

early 1980s to 2006, fertility trends for all women have been identified for each LA and by ethnic

group at national level usingthe LFh&® UK 6 s

Census

provides

ndi cat

by ethnic group between 1991 and 2001. In combination, these sources have underpinned the

calculation of ASFRs and trends for all LAs across the UK by ethnic group, as appropriate to each

country,

Vital Statistics (Annual)

« Age: 5 year detail
+ Ethnicity: no information

Estimate
ASFRs by
ethnic group

Populations (1991 & 2001)

« Geography: national to LA

« Age: SYA & 5 year detall

« Ethnicity: 8 & 16 groups (2001)

» Geography: national to LA

Sample (Annual)

» Geography: national
Age: (SYA &) 5 year detail
« Ethnicity: 8 & 5 groups

Figure 6.5 Sources for the estimation of ethnic fertility rates

For the projection model, the fertility rates originate from five year ASFRs and are disaggregated into

single year of age ASFR in the following way. The national five year ASFRsaftr ethnic group

are estimated as single year of age rates using the Hadwiger function. For each ethnic group, the ratio

of the five year rate to the relevant single year of age rate is applied to the local five year rate as an

initial estimate which ishten controlled so that TFRs by ethnic group and total births for each area are

maintained. Figure 6.6 illustrates the five year and single year of age ASFRs for Bangladeshi women

in Bradford.
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Figure 6.6: Estimated single year ASFRs from five year groupkinformation: Bangladeshi

women in Bradford, 2001

Assumptions are needed on the direction of fertility in the future. Fertility rates have risen recently
(Tromanset al.,2008) from an all time low in 2001. Demographic momentum and social change will
impact on the number of future births. Since we have information estimated from 1991 for ethnic
groups assumed common across the 1991 and 2001 Censuses we can use a trend over this time period
which encompasses both falling and rising fertility but differeniog age of woman and by ethnic
group. The trends for each age and broad ethnic group are modelled using curve fitting with the
parameters of the curve applied to estimate future fertility rates up to the year 2021. The five-year age
specific fertility raes resulting from this process are illustrated in Figure 6.7. Higure 6.8 has the
resulting TFRs by group. The general picture is of parallel curves across the groups with relative
differences maintained but the White group shows less of a declinedrefl991 and 2001 than the
general trend and, after the current period, the fertility of the White and Other groups stays pretty

constant whilst the fertility levels of all other ethnicities tend to decline.
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Figure 6.7 Estimated and projected five year of age fertity rates by broad ethnic group
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Figure 6.8: Fertility rate assumptions for the UPTAP projections

In the projection model, the decline (growth) rates from one year to the nextebyetiv group are

used to scale the single year information after the projection-affnpoint. Taking these model

based assumptions past 2021 is ill advised so the rates after that time point are assumed to stay
constant. The trends for each broad grougpagpplied to the sufroups within each; i.e. White rates

to White-British, to Whitelrish and to White Othefl able 6.1 sets out the assunideRs.

Table 6.2: The fertility assumptions of the UPTAP projections

Ethnic | 200611 2021 Ethnic | 200611 2021

group | average onwards| group average onwards
WBR 1.90 1.88 PAK 2.32 2.12
WIR 1.75 1.73 BAN 2.47 2.29
WHO 1.71 1.69 OAS 1.74 1.70
WBC 1.82 1.78 BLC 1.78 1.62
WBA 2.05 2.01 BLA 1.82 1.71
WAS 1.56 1.53 OBL 1.74 1.70
OoMI 1.62 1.58 CHI 1.47 1.33
IND 2.10 1.98 OTH 1.74 1.70
Total 1.92 1.93
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7. MORTALITY ESTIMATES, TRENDS AND ASSUMPTIONS

As for fertility data, mortality data by ethnic groups are are also not readily available in the UK since

a personds ethnic gr oup de Evendhough a place ofditth hasebgen st e r «
noted on English death certificates since 1969, this only indicates mortality for first generation
immigrants and is potentially biased, for example, by White British born in India before
independence. A direct sce for ethnic group mortality is the ONS Longitudinal Study (LS) but this

only represents 1% of the England and Wales population and has considerable loss-apfolf dv®

members, up to 30% at older ages (Harding and Balarajan, 2002). The LS iseliabla enough

mortality source for ethnic groups and cannot provide local mortality information.

Various studies using panel or longitudinal data find thatreglbrted health is a strong predictor for
subsequent mortality, for total populations as well as subgroups (e.g. Burstrém and Friedlund 2001,
McGeeet al. 1999, Heistar@t al. 2001; Helwegetal. 2003). Thus, with no adequate ethnic mortality

data available, we use a proxy measure for which data existed by UK LA level and ethnic group:
answers to the 2001 Census -tegruiness,iheafth, prolfiiethoor y o u |
disability whichl mi t s your daily activities or the work vy

To estimate mortality by ethnic group, we use a suite of census, officigleaidoopulation estimates

and vital statistics data to estimate ethnic group life expectancy. As outlined in Figjufiest we

calculated standardised illness ratios (SIRs) for each LA by sex with data from the 2001 Census. We
also calculated standardised mortality ratios (SMRs) for all local areas and both sexes fiygarmid
population estimates and vital statistics magtadata. Next, we use these ratios to defingpalison

SMRs as a function of all person SIRs. Thispak r son function is then appl
local area SIR to calculate an ethnic grapecific SMR. These ethnic group SMRs are usedjtstad

upwards or downwards agex specific mortality rates (ASMRs) for each local area. These ASMRs

are fed into life tables to derive survivorship probabilities for our projection model. During this
procedure, we found men reporting less illness than wobm experiencing higher mortality. We

al so found different SIR/SMR relationships for t

E ALLGROUP | ALLGROUP
| STANDARDISED REGRESSION
i 'LLN%SSE{;? ATIO? SR =TEIR STANDARDISETI] LIFE TABLES &
C i MORTALITY SURVIVORSHIF
fm—mm—m——m - RATIOS BY PROBABILITIES
ALL PERSON | STANDARDISEI ETHNICITY (SMR) BY ETHNICITY
STANDARDISEL I ILLNESS RATIGS |
MORTALITY i BYETHNICITY!
RATIOS (SMR) ! (SIR) :

Figure 7.1 Method to estimate life tables and survivorship probabilities from self reported
illness, combining 2001 Census data with iah-year estimates and vital statistics
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Thus, we estimated life expectancies and survivorship probabilities for all ethnic groups defined in the
UK 2001 Census for each local authority, by single year of age and sex. Below we present examples
of life expecancies at birth in England. Tablel shows a gender combined rank for each ethnic
group in life expectancy at birth, together with the population weighted mean life expectancy for men
and women of each ethnic group. Three groups are ranked above thwlnatierage, with the
Chinese group on top, men and women both having the highest mean life expectancies. Within the
White group, we estimate the White Irish group to occupy the lowest rank. This ranking is due to the
rather low life expectancy for Irish en, whereas life expectancy of Irish women is expected to be
close to that of White British women. The lowest life expectancies are for the Bangladeshi and
Pakistani groups which have the poorest labour market positions (Sirapsdn2006). That the

Other Asian and the Indian groups occupy moderate ranks shows the importance of having well
defined subgroups. We also find a strong contrast in the Black group, where the Black African group
is one rank below the total population, in contrast to the Blacib@san group which occupies rank

12. The Black African estimate is reasonable considering thealkm healthy migrant effect
(Fennelly, 2005) whereby persons moving countries are advantaged in various ways (compared with
their origin and/or their destition populations) including good health which thereby enables their
move. The Black African group is a much youngesind therefore healthiér migrant community

compared with the Black Caribbean group which is longer established in the UK.

Table 7.1: Mean life expectancies at birth for men and women by ethnic group, 2001

. Mean g
Rank Ethnic group Women Men

1 Chinese 82.1 78.1
2 Other White 81.3 76.9

Other Ethnic 81.5 76.2

All groups 80.5 76.0
4 Black African 80.4 76.1
5 White British 80.5 75.9
6 White-Irish 80.3 74.9
7 White-Asian 80.0 75.1
8 Indian 79.3 75.5
9 Other Asian 79.5 75.2
10 Other Mixed 79.9 74.6
11 White-Black African  79.5 74.2
12 Black Caribbean 79.1 74.4
13 White-Black Caribbear 78.7 73.4
14 Other Black 78.5 73.4
15 Bangladeshi 77.7 72.7
16 Pakistani 77.3 73.1

Source: Reest al.(2009)
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We are cautious about the origins of the differences between the group estimates, though preliminary
analyses suggest the most important socioeconomic influence is the lewa@hef education
attainment in the group (Rees and Wohland, 2008). The healthy migrant effect is also likely to be
important. Migration selects for individuals who are healthy because they have the resources and
energy to move and because immigration ryles/ent people with long term limiting illness from

entry to a destination country. At older ages migration may be associated with the transition to various
grades of disability, when older persons move to locations where health care or family support is
better. This probably only affects the White British group (retgrto the UK to benefit from NHS

care) and the Black Caribbean group (older cohorts have retired back to the West Indies).

Spatial distributions of life expectancy for women from examghaie groups (one from each racial

group) are given in Figuré.2. The dark shade on the maps denotes areas in the 25% highest life
expectancies (81.2 years to 85.9 years), the light shade denotes the 25% lowest local areas (73.8 years
to 78.9 years) andhé midshade the 50% between these. We find pronounced differences between the
ethnic groups. Most extreme differences are found between the Chinese women with most areas in the
top 25% distribution and the Pakistani women with the largest numbers ofiratbasbottom 25%.

Most groups also reflect the NorBouth gradient mentioned above. Note that the Mixed group, Black

and White Africans, has more areas in the bottom of the distribution compared to either of the
separate ethnic groups, White British Black African. A full account of methods and results is
provided in Reest al.(2009).

To establish recent trends, before ethnic mortalities are introduced into the population projection, they
are updated to 2007. Since there is no comprehensive sduammloethnic illness data beyond the

2001 Census, we will update ethnic mortality in line with the mortalities for all groups.

As with internal migration, we have no means of updating our ethnic mortality estimates based on
proxy illness data from th2001 Census (Rees al. 2009). We therefore use abridged life tables for
local areas for 2001 (20a¢) to 2007 (200) to update the survivorship probabilities needed for the
projection model. For each ethnic group and local area, we multiply the sshifvg@robability from

2001 by the year y to 2001 ratio:

i o i ¢unmnp— (7.2)

wherei is the survivorship probability for ethnic group e, area i, single age x, gender g in year
y,i ¢ 1 g the same probability for 200il’, ¢ is the survivorship probability for all groups,
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White British White and Black African Pakistani
(White) (Mixed) (Asian)

Black African Chinese
(Black) (Chinese and Others)

Women life expectancy at Birth

O under 78.92
B 78.92-81.25
B over81.25

Figure 7.2 Spatial distribution of female life expectancy at birth for five example ethnic groups,

England, 2001
Source: Aut horso6 calculations based on vital statisti

areal, five year age X, gender g in yeaaydi © ¢ 1 1T {8 the sam@robability intheyear 2001

For the trend projections, we implemented the assumptions built into the National Population
Projections (2008 based)hese involve adopting rates of percentage per annum decline in mortality
rates for each age and sex. The declines start with the experience of recent years and then are
converged to a uniform percentage decline across all ages and sexes within 25 years and held constant

thereafter.

In our model we work with nesurvivorship pobabilities for perioecohorts rather than mortality
rates for perioghges andafter trending convert them back into survivorship probabiliti€ar the
TrendEF projection weadoptedthe longterm rate of decline of 1%sed byONS For our own
UPTAP prgections we adopted higher (2%) rate of declineTable 7.2 shows the period life

expectancies associated with our 2% decline assumption.

52






