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ABSTRACT

At present, the publicly available internal migration data in England are limited due to
differences in sources, availability, quality and measurement. In this paper, we present a
statistical model for combining (incomplete) annual National Health Service registration data
with (auxiliary) decennial census data to predict interregional ethnic migration flows by age and
sex from 1991 to 2007. Annual flows of migration by origin, destination, age and sex can be
obtained from the National Health Service registers. The ethnic detail can only be obtained from
the decennial censuses. More detailed and current information on migration flows are needed so
that local governments have the means to improve their planning policies directed at supplying
particular social services or at influencing levels of migration. Also, these flows are needed for
understanding ethnic population redistribution in relation to areas with, for example, high

unemployment, high costs of living or high immigrant concentrations.
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1. INTRODUCTION

The study of migration is often hindered by data availability and data quality. Detailed migration
data at high levels of spatial disaggregation are generally only available from censuses, which
only occur every five or ten years and are often outdated by the time they come out. Surveys,
though frequently carried out, are usually not large enough to capture migration movements, as
most people remain in a particular locality within a given time period. In other cases, data are
inadequate because of non-response or data suppression for confidentiality reasons. This is
particularly relevant for analyses at relatively high levels of spatial disaggregation.

In England, there are two main sources of internal migration data. Annual flows of
migration by origin, destination, age and sex can be obtained from the National Health Service
Central Register (NHSCR). More detailed data, such as by ethnicity, can be obtained from the
decennial censuses. Our research extends a methodology developed by Raymer et al. (2007) to
combine these two sources of information for the purpose of producing reliable and detailed
estimates of internal migration over time. By detailed, we refer to migration cross-classified by
five variables: origin, destination, age and sex, and ethnicity. These estimates can then be used to
improve our understanding of such migration behaviours, including the forecasting of future
patterns.

The advantages to having a consistent and reliable set of migration flows are numerous.
Detailed estimates of migration flows are needed so that local governments have the means to
improve their planning policies directed at supplying particular social services or at influencing
levels of migration. This is important because migration is currently (and increasingly) the major
factor contributing to population change at sub-national levels in many countries throughout the

world, including England. Furthermore, our understanding of how or why populations change



requires detailed information about migrants. Without these, the ability to predict, control or

understand that change is limited.

1.1  Motivation

The reasons for internal migration are many. People move for employment, family reunion or
amenity reasons. Reported statistics on these flows, on the other hand, are relatively confusing or
nonexistent (Bell et al. 2002). There are two main reasons. First, no consensus exists on what
exactly is a 'migration'. Second, the event of migration is rarely measured directly. More often it
is inferred by a comparison of places of residence at two points in time or as a change in
residence recorded by a population registration system. The challenge is compounded because
countries use different methods of data collection. Migration statistics may come from
administrative data, decennial population censuses or surveys. Harmonization of data collection
processes and the data they generate is not even close to being realized. So, how does one
overcome these obstacles to obtain an overall and consistent picture of the migration patterns
occurring, say, within a specific country? One possibility is to have a methodology for
combining existing migration data that accounts for the various strengths of the different data
sources.

Inadequate, missing or inconsistent migration data makes analysing the patterns of, for
example, Whites and non-Whites, young and elderly, first and second generation immigrants,
skilled and unskilled, and employed and unemployed over time very difficult or incomplete.
Detailed migration data are usually only available from censuses, which only occur every ten
years and are published three to four years after the census date. General purpose surveys often

collect migration data but, because of relatively small sample sizes, they are usually inadequate



below the national or broad regional levels. Population registers may be used to track migration
flows, however, these sources often do not contain much demographic, socioeconomic or spatial
detail. Also, because migration data are often collected from sources that have other purposes,
the questions underlying the patterns may not fit a particular research question of interest, e.g.,
measuring migrant status tells us little about migration frequency. There may also be situations
in which the required data are available but cannot be considered reliable due to, for example,
age misreporting. Missing data is usually caused by suppression of data or by non-response.

In order to include migration data from different sources in a study, one has to first
account for the differences in measurement (see Bell et al. 2002; Long and Boertlein 1990;
Morrison et al. 2004; Rogers et al. 2003a; Rogerson 1990; United Nations 1992). For example,
migration events, which can occur multiple times within a one year time period, are captured by
population registration systems while changes in residential status (or transitions) from one point
in time to another are captured by censuses (and surveys). These two data collection systems
capture two different types of migration data, i.e., 'migrations' and 'migrants' (Rees and
Willekens 1986). This work combines these two types of migration data by focusing on the
underlying structures, which are similar to each other --- allowing us to produce a synthetic data
base of detailed migration patterns that can be used to study, for example, ethnic migration and
its relationships with areas of high unemployment, high costs of living or high immigrant

concentrations.

1.2  Background
In the United Kingdom, there have been many studies that have examined or modelled internal

migration flows (e.g., Bates and Bracken 1982, 1987; Bell and Rees 2006; Champion 1996;



Dixon 2003; Kalogirou 2005; Stillwell 1994). Other studies have examined the determinants of
internal migration (Fotheringham et al. 2004) and the description of social change caused by
international migration (Dorling and Rees 2003; Rees and Butt 2004), including the linkages
between immigration and internal migration (Hatton and Tani 2005; Stillwell and Duke-
Williams 2005). These studies have all relied on available data. They have not attempted to
combine the various internal migration data sources available in the United Kingdom. Our
research does. It allows for both intercensal and post-census estimates of detailed migration
flows. These estimates have the possibility to increase our understanding of population
redistribution at various levels. The ethnic population in England has grown substantially since
1991. By having internal migration data by ethnicity over time, we can detect when and how
certain ethnic groups in the population have become more spread out or more concentrated as a
result of internal migration, which can then be compared with other studies that focus on
immigration or population change as measured by the decennial censuses (e.g., Rees and Butt
2004). Finally, this study does not seek to determine the factors underlying the migration
patterns, such as in Fotheringham et al. (2004) but instead focuses on the development of a
model that can effectively incorporate migration data from multiple sources to produce reliable

and detailed estimates over time.

2. BUILDING A DATA SET TO STUDY ETHNIC MIGRATION

2.1 Sources of Internal Migration

In England, the most reliable internal migration data come from the decennial censuses and the
National Health Service Central Register (NHSCR). The information obtained from the census

contains much of the information needed for detailed analyses, but are only collected every ten



years and may contain problems of incomparability between censuses for certain variables (see
Stillwell and Duke-Williams 2007 for recent discussion). Migration data from the NHSCR are
available annually but with minimal information on migrant behaviour (i.e., only origin,
destination, age and sex are available) and with a tendency to miss important population groups,
such as young adult males, who are known to be less inclined to register (Fotheringham et al.
2004).

Conceptually, there are several different ways data can be collected on the relocation of
persons from one permanent address to another, all of which can yield different counts for the
same flow (Rees and Willekens 1986). Registration data captures movements or events of
migration. Census data captures migration transitions or changes in residential status. This
naturally creates higher counts in the registration data as multiple moves within a one-year
period can take place, including return movements. Although the census only captures place of
residence at two points in time, Boden et al. (1992) found high levels of correlation between the
in-migration, out-migration and net migration totals captured by these two data sources. More
recently, Raymer et al. (2007), in analysing migration data in England and Wales, found that the
overall levels of elderly internal migration obtained from the 2000-2001 National Health Service
(NHS) register were substantially higher than those obtained from the 2001 Census, whereas the
underlying marginal structures were very similar. This led them to create a model to combine the
two sources of data to estimate post-census flows of elderly migration flows by health status.

In England, a person must register with a local doctor in order to receive services. The
NHS maintains two registers: the Central Register, which records moves between health
authorities, and the Patient Register (since 2000), which tracks migration between local

authorities. Data are periodically transmitted to the Office for National Statistics (ONS) which



provides annual estimates on a quarterly base for the Central Register and once a year for the
Patient Register. The registration data constitute a good up-to-date source of internal migration
as nearly all residents in England are patients of a general practitioner employed by the NHS,
including those who may also have private healthcare provision. Furthermore, the average delay
between moving house and registering with a new general practitioner is about one month (ONS

Migration Statistics Unit 2002).

2.2 Description of Data Collected

The migration data used in this paper come from censuses carried out in England in 1991
and 2001 and from the NHSCR tables from 1991 to 2007. The 1991 census tables were obtained
from the Special Migration Statistics (SMS) dataset called 'SMSGAPS' available on the Centre
for Interaction Data Estimation and Research (CIDER) website." The 2001 census data were
obtained from the SMS CD-ROM provided by the Office for National Statistics (ONS 2004).
The NHSCR Table 1 and Table 2a from 1991 to 2007 were obtained from CD-ROMs provided
by ONS. Data differ in their coverage, geographical detail and type of migration flows recorded.
A description of census and NHSCR data is set out in Table 1. Note, in this paper, we focus on
interregional migration flows in England. Future work will extend the analysis to smaller

geographical levels, such as counties and local authority districts.

" http://cider.census.ac.uk/cider/.



Table 1. Internal migration data in England: Available tables from the 1991 and 2001 censuses
and from the 1991-2007 NHSCR

Source Tables Geography Type of flows
Census 1991 Table 5 Local authority districts Origin, destination and ethnicity (ODE)
Census 2001 MG103 Local authority districts Origin, destination, sex and ethnicity

(ODSE)

NHSCR Table 1 Family Health Service Areas (1991-2000)  Origin, age and sex (OAS) and
1991-2007 and Health Areas (2001-2007) Destination, age and sex (DAS)
NHSCR Table 2a  Family Health Service Areas (1991-2000)  Origin and destination (OD)
1991-2007 and Health Areas (2001-2007)

The entire data set organised for this study consists of migration flows between the nine
Government Office Regions (GOR), sixteen five-year age groups (i.e., 0-4, 5-9, ..., 75+ years),
two sexes (i.e., male and female) and four ethnic groups (i.e., White, South Asian,2 Black® and
Chinese & Other4). The GOR regions consist of the North East, North West, Yorkshire and the
Humberland, East Midlands, West Midlands, East of England, South East, South West and

London.’

2.3  Key Structures
For the purposes of this section and the remainder of the paper, we denote cross-classified tables
by letters. For example, an OD table is a two-way origin by destination table of migration flows.
Furthermore, age is denoted by A, sex by S and ethnicity by E.

Once we collected the data, the next step was to identify the key structures that we

wanted to include from each data source and year. This was undertaken by comparing various

2 South Asian = Indian, Pakistani and Other South Asian

3 Black = African, Carribbean and Other Black

* Includes Mixed Ethnicity. This classification was not included in the 1991 census (see also Stillwell and Duke-
Williams 2007).

> A map of the nine regions produced by the Office for National Statistics can be found at:
http://www.statistics.gov.uk/geography/downloads/GB_GOR98 A4.pdf.




unsaturated log-linear models (see, e.g., Agresti 2002) of two four-way tables, i.e., ODAS and
ODSE, obtained from the 2001 census. The complete five-way table ODASE was not publicly
available. However, our assumption is that the relationship between age of migration and
ethnicity is relatively weak and therefore not very important in the overall patterns of migration.
In the future, the complete ODASE table should be examined to test this assumption.

In our analysis of the unsaturated log-linear models for the ODAS table, we found that
the best model, penalised for complexity, is the one that includes interactions between origin and
destination (OD table), origin and age (OA table), destination and age (DA table) and age and
sex (AS table). The two-way interactions between sex and origin (OS table) and sex and
destination (DS table) and three-way interactions between origin, destination and sex (ODS
table), origin, age and sex (OAS) and destination, age and sex (DAS table) did not contribute
significantly to the overall model fit. The three-way interactions between origin, destination and
age (ODA table) improved the overall model fit slightly but not enough to justify it its inclusion
considering the large number of parameters required. This supports the work by Raymer et al.
(2006) and Raymer and Rogers (2007), who found that the three-way interaction term between
origin, destination and age does not affect the overall prediction by much, except in extreme
origin-destination-specific flow cases, e.g., with a retirement peak.

The above analyses provide us with some direction on how to proceed with the
combining of migration flow data. First, we have ODAS tables from the NHSCR, however, we
do not need to include the complete data to produce accurate results. In fact, there are advantages
to having a simplified model. The two-way interaction model that includes the OD, OA, DA and
AS information, for example, produces estimates that are nearly indistinguishable from the

observed values in the complete ODAS table. Also, this model has the advantage of producing



smoother estimates, particularly over age. Hence, for the NHS data, we only need information
from the OD, OA, DA and AS tables to produce good results. Second, we have ODE tables from
the 1991 and 2001 censuses that can be used as auxiliary information. Here, we would like to
include all the information contained in these tables, as it is likely that the spatial patterns of

migration are different for the four ethnic groups.

24  Adjustment of NHSCR data

The algorithm developed in the following section to estimate the migration flows requires
consistency in the marginal distributions of the incomplete data, namely of the OD, OA, DA and
AS tables, extracted from NHSCR. Unfortunately, the marginal distributions of these tables were
not consistent. The reason for this is that the OA, DA and AS tables also included the flows from
and to Wales, Scotland and Northern Ireland. For the OD table, this was not a problem, as these
flows could be separated out. To force the OA, DA and AS tables to match the OD table, we
applied an iterative proportional fitting procedure similar to that used in Raymer et al. (2007),
assuming that the age and sex proportions of migration for England are same as those for the

nation as a whole.

3. A LOG-LINEAR MODEL FOR COMBINING DATA

3.1 Background

This study draws from a long history of modelling internal migration flows (Cadwallader 1992;
Fotheringham et al. 2000; Plane 1981, 1982; Raymer and Rogers 2007; Raymer et al. 2006;
Raymer et al. 2007; Rogers et al. 2002, 2003; Stillwell forthcoming; Willekens 1977, 1980,

1982, 1983, 1999). The log-linear model version of the spatial interaction model (Willekens



1980, 1983) is of particular importance. The advantage of the log-linear model over the general
spatial interaction model is that it has a well-formed theory and methods, associated in the
framework of categorical data analysis (e.g., Agresti 2002) and missing data analysis (e.g., Little
and Rubin 2002).

More specifically, the methodology developed for this work is motivated by Raymer et
al. (2007), which combined census (auxiliary) and registration (incomplete) data to estimate
detailed elderly migration flows in England and Wales. This work was a first attempt at
developing detailed estimates of migration flows. The methodology is extended by including
more auxiliary information (i.e., from two censuses), by producing an annual time series of
estimates from 1991 to 2007 and by increasing the dimensions from three-way tables to five-way

tables over time.

3.2  Model Specification
Our objective for this project is to estimate migration flows for an ODASE table for each year
from 1991 to 2007. The diagonals of the OD partial tables (i.e., the within-region flows) are
excluded. However, the methodology could also be used to estimate these flows if needed. The
basic idea is to supplement information from the NHS register with more detailed information
from the censuses. The log-linear model developed by Raymer et al. (2007) is used as a starting
point. This model combines one-way marginal information available in the incomplete
registration data with complete (but outdated) census data. In essence, the association structure
of the census (auxiliary) data is imposed on the registration (incomplete) data.

Spatial interaction models are commonly used to model origin-destination-specific

migration flow data. Overviews of these models and frameworks can be found in Fotheringham
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et al. (2000:211-235), Stillwell (forthcoming) and Willekens (1983, 1999). A simplistic version

of the spatial interaction model to estimate the number of migrations, n,.f " in an incomplete data

set, from origin i to destination j during a unit interval may be applied as in Willekens (1999):
u =t ml” (1)

where ,u,;) " is the expected number of migration flows from origin i to destination j during the

respective time interval and i =1,2,...,R; j =1,2,..., R for R origins and destinations. The z'io

and z']'? parameters represent background factors related to the characteristics of the origin and

destination, respectively. The ml?D factor is the auxiliary information on migration flows. This is

additional data relating to migration between the same origins and destinations as in the
incomplete data but is not a parameter in the model. As a result, the associations between origins
and destinations in the auxiliary data are replicated in the estimated table of flows.

The above model focuses on estimating migration flows between two dimensions, origin
and destination. Raymer et al. (2007) extended this model to include a third variable of interest

not available in the incomplete (NHS) migration data. For example, an origin by destination by
ethnicity table, with counts n,:/(.)ZD * can be modelled by using the following log-linear with offset
form of the spatial interaction model:

logu™ =27 + A7 +logm.”" )

where ,ul?zD * is the expected flows from origin i to destination j for level z of the third variable.
The A7 and /1? parameters are related to the characteristics of the origin and destination,

respectively, and m;’D * is the auxiliary information on migration flows. Note, there are no
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parameters corresponding to the dimension indexed by z. Here, we rely on the auxiliary data to
provide the missing margin and association structures not contained in the incomplete data.

If information on two-way or higher associations exists in the incomplete data, the model
can be extended to include this. Furthermore, we may not wish to impose the higher-way
interactions from the auxiliary data. For example, as discussed in Section 2.2, we wish to use the

OD, OA, DA and AS tables from the NHS data and impose the three-way associations from the

ODE census table. This is achieved by using the following log-linear model for n.>*** | the

ijxyz
counts in the five-way ODASE table:

log u " = /lf.j).D + A2 + /1?:‘ + ﬂfys +logmZ”F . 3)

ijovz ijz
Should a different model for the flows be thought appropriate, then Model (3) can be modified
by adding or removing interaction parameters, or by changing the offset term, provided the
pertinent information is available in the incomplete or auxiliary data, respectively.

Models (1) to (3) can be fitted using maximum likelihood estimation. It is straightforward
to derive and solve, using an iterative procedure, the likelihood equations for these models to
obtain estimates of the A -parameters and flows. Raymer et al. (2007) did this for Models (1) and
(2). However, since our interest is primarily in the estimation of the flows, we just apply an
iterative proportional fitting algorithm to obtain them instead (see, e.g., Agresti 2002, Section

8.7.2). The initial values are given by the counts in the ODE table from the census:

poSEO = m2PF for all x and y. They are then successively multiplied by adjustment factors so

that the marginal tables match the counts in the NHSCR OD table, then the NHSCR OA table,
then the NHSCR DA table and finally the NHSCR AS table. This is repeated until the marginal
tables of estimated flows simultaneously match all of the counts contained in the four NHSCR

tables.
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Finally, Raymer et al. (2007) assumed the three-way auxiliary interaction structure
remained constant over time. We, on the other hand, allow this structure to vary over time from
1991 to 2007. We do this by geometrically interpolating the counts from 1992 to 2000 and by
geometrically extrapolating from 2002 to 2007. The 1991 and 2001 census values are used as
benchmarks. Model (3) is then run for each year with these auxiliary structures used as offsets.

Once the models were run, we then checked the results for their reasonableness. In doing
so, we identified an important problem with the NHS data relating to the age structure of
migration by sex (i.e., the AS table). Here, it was found that females had higher levels of
migration (52.3 percent on average) than males (47.7 percent on average), with the gap between
the two sexes slightly widening over time (Figure 1). The corresponding age patterns obtained
from the 1991 and 2001 censuses, however, showed a different pattern with males representing
50.8 percent in both years. The reason for this difference has primarily to do with males being
less likely to register with the NHS register, particularly in young adult years (see Fotheringham
et al. 2004:1637-1640 for discussion). In Raymer et al. (2007), this was not an issue as they only
examined migration patterns of elderly persons, a group less likely to be missed in a health
service population register. These differences are illustrated in Figure 2 for 1991 and 2007. The
corresponding patterns reported by the 1991 and 2001 censuses are very different in that the age-
sex patterns are nearly identical, except in the last age group of 75+ years, where females have

higher levels of migration (associated with their higher population numbers in these years).
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Figure 1. Interregional migration in England by sex, 1991-2007
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Figure 2. Age patterns of NHS interregional migration in England by sex, 1991 and 2007
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As illustrated in Figure 2, nearly all the differences in the age patterns of male and female
migration as reported in the NHS data occur in the 15-19 year, 20-24 year and 25-29 year age
groups.® To correct for the differences in the age-sex patterns, there are two options. The first is
to impose the interactions contained in the census AS table instead of the NHS table. Here,

Model (3) can be rewritten as follows:

log 0% = A% + 40 + A2 +logm? m’ ). 4)

jxyz ijz Xy
This model maintains all of the above associations but with the age-sex structure from the
censuses. The problem with this model, however, is that it does not correct for the undercounting
of males. The overall levels of migration would remain the same, which means that the levels of
female migration would have to be lowered to make the age-sex differences correspond with the
census patterns. We assume that females are counted accurately in the NHS data.

The second option is to weight the estimates from Model (3) to account for the age-sex
differences. The weights represent ratios of female to male migration for the 15-19, 20-24 and
25-29 age groups, marginalising over origin, destination and ethnicity. This approach maintains
all of the associations implied by Model (3). The weights applied to the male migrants in the
three age groups are set out in Table 2, along with the resulting adjustment ratios for the all

males (12 to 15 percent increase) and males plus females (6 to 7 percent increase).

% Fotheringham et al. (2004) also found differences across spatial units. Our analysis at the regional level did not
find differences to be significant.

15



Table 2. Adjustment ratios for NHSCR migration data, 1991-2007

Age Group Both
Year 15-19 20-24 25-29 Males Sexes
1991 1.315 1.436 1.131 1.123 1.059
1992 1.287 1.411 1.128 1.117 1.056
1993 1.300 1.409 1.131 1.120 1.058
1994 1.294 1.398 1.136 1.116 1.056
1995 1.322 1.385 1.121 1.117 1.056
1996 1.334 1.403 1.130 1.122 1.058
1997 1.339 1.408 1.136 1.119 1.057
1998 1.348 1.441 1.156 1.125 1.059
1999 1.344 1.433 1.157 1.122 1.058
2000 1.343 1.454 1.176 1.127 1.060
2001 1.388 1.473 1.161 1.131 1.062
2002 1.393 1.482 1.177 1.130 1.062
2003 1.399 1.487 1.188 1.132 1.063
2004 1.400 1.514 1.217 1.137 1.065
2005 1.390 1.490 1.223 1.138 1.066
2006 1.399 1.523 1.255 1.145 1.069
2007 1.400 1.553 1.281 1.148 1.070

4. PATTERNS OF ETHNIC MIGRATION

In this section, the estimated interregional migration flows by age, sex and ethnicity are
presented. These flows represent the re-weighted estimates from Model (3) discussed in the
previous section. First, we describe the patterns over time and across space and then by age and

S€X.

4.1 Over Time

The overall levels of interregional migration by ethnic group and over time are set out in Figure
3. Here, we see that the total levels of migration have only increased slightly from just less than
900 thousand to around one million persons per year and that the vast majority of the flows are
comprised of Whites. In 1991, Whites represented about 94 percent of the flows. In 2007, the

estimated share is about 85 percent. The increasing levels of South Asian, Black and Chinese &
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Other migration are more clearly visible in Figure 4. Here, we see that the flows of all three
groups increased substantially over time, from around 48 thousand in 1991 to around 156
thousand in 2007. The relative shares of non-White ethnic migration remained pretty much the
same over time with South Asians representing around 45 percent, Blacks around 22 percent and

Chinese & Other around 33 percent.
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Figure 3. The levels of interregional migration in England by ethnicity, 1991-2007
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Figure 4. The levels of South Asian, Black and Chinese & Other interregional migration in
England, 1991-2007
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4.2  Spatial Patterns

Two examples of origin-destination-specific flows are set out to illustrate the differences
between White, South Asian, Black and Chinese & Other migration. These represent migration
flows from London (Figure 5) and from the South East (Figure 6), the two largest sources of
interregional migration. (Note, the y-axis scales are different for White migrants.) For migration
from London (Figure 5), the top two destinations for all ethnic groups are the South East and
East of England, for which the levels have been increasing steadily over time. Interestingly,
Black migrants have the same migration levels going to both regions, whereas for the other
ethnic groups, the South East is the preferred destination. Larger differences in the migration
patterns appear when the third choice of destination is considered. For Whites, the South West
comes third in terms of destination choice, whereas it is West Midlands for South Asians and
Blacks. There is not much difference in remaining destination choices for the Chinese & Other
ethnic group. For migration from South East (Figure 6), the top destination for all three non-
White ethnic groups is London. For White migration, the patterns are more spread out and
relatively level over time. Here, the top three destinations are London, South West and East of

England.
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Figure 5. Interregional migration from London by ethnicity, 1991-2007
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Figure 6. Interregional migration from South East by ethnicity, 1991-2007

20



4.2 By Age and Sex

Next, consider the estimated age- and sex-specific interregional migration flows. For illustration
purposes, we first compare the 1991 differences of South Asian and Black migration between
London and West Midlands (Figure 7), London and South West (Figure 8) and London and
South East (Figure 9) flows. Second, we compare the age patterns of female South Asian
migration over time (i.e., 1991, 1999 and 2007) between London and West Midlands (Figure 10)
and London and South East (Figure 11).

In Figures 7, 8 and 9, we see that the adjustment factors have resulted in very similar age
patterns for males and females. The only major difference exists in the last age group, where
females are known to contain a much larger share of the population. Also, by design, the age
patterns of all ethnic groups have the same origin-destination-specific shapes. The three figures
show (1) how differences in levels are represented (i.e., greatest in the young adult age groups,
Figure 7), (2) that the regularities are maintained even for very small flows (Figure 8) and (3) the
different shapes than can emerge for different flows (i.e., narrow labour force peaks in Figure 7
versus more wide labour force peaks in Figure 9).

The increasing levels of migration by age for South Asian female migration between
London and West Midlands and London and South East are illustrated in Figure 10 and Figure
11. In both cases, the levels of migration have increased over time. In Figure 10, we see that the
shape of the labour force peak has changed over time by attracting relatively more 15-19 year

olds, whereas the shape has remained relatively constant over time in Figure 11.
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Figure 7. Age- and sex-specific migration of South Asians and Blacks between London and West
Midlands, 1991
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Figure 8. Age- and sex-specific migration of South Asians and Blacks between London and South
West, 1991

23



A. South East to London
300 ~
250 ~
200 ~

150 ~

n\

W\

=

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

South Asian - Male —s=—— Black - Male

— — —— South Asian - Female — —=— — Black - Female

B. London to South East
300
250 ~
200
150 ~
100 ~

50 ~

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

South Asian - Male —s=——Black - Male

— ——— South Asian - Female ——=— — Black - Female
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Figure 10. Age-specific migration of female South Asians between London and West Midlands:
1991, 1999 and 2007
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Figure 11. Age-specific migration of female South Asians between London and South East: 1991,
1999 and 2007
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S. CONCLUSION

The above analysis has demonstrated the results of the estimated time series of ethnic
interregional migration flows in England by age and sex. The differences in the levels and spatial
patterns are driven by the changes in the ethnic migration patterns found in the 1991 and 2001
censuses. We assumed that age and sex patterns were similar across ethnic groups. The results
show that the patterns of migration differ substantially across ethnic groups with the share of
White migration decreasing substantially from 94 percent in 1991 to 85 percent in 2007.
Although flows of non-White ethnic groups represent a relatively small share of the total level,
their increase over time has been relatively fast. Finally, the shapes of the age patterns of
migration and the sex ratios of migration have not changed much over time.

In conclusion, a model and framework for combining migration data from registration
systems with more detailed information obtained from censuses has been presented. The
outcome is a synthetic database that can be used for analysing the current or future evolution of
ethnic-specific migration patterns. Furthermore, the combining data framework could be readily
extended to a more general context, for example, to other migration groups of interest (e.g.,
education or economic activity) or to more categories in the analysis (e.g., regions or ethnic
groups). Future work includes extending the application of the model developed in this paper to a
more detailed level of spatial units (i.e., counties and local authority districts), the investigation
of the missing age-ethnicity information and including auxiliary information from a third source,

such as survey data.
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