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Abstract

Migration is a process which is difficult to measure accurately due to an absence of any
mandatory system for registering a move to, from or within the United Kingdom (UK).
This problem is exacerbated by inconsistency in statistical reporting, as three national
statistics agencies produce migration statistics for the four countries of the &K: th
Office for National Statistics in England and Wales, the National Records of Scotland
and the Northern Ireland Statistics and Research Agency. They draw upon different data
sources, use different estimation methods and produerehtfoutputs. What reks is

a data landscapehich is not consistent and is missing some key information, notably
migration where a person moves between local authorities which are located in different

UK countries.

This thesis makes the case for a consistent methodologg ®miployed in
estimating migration in the UK. A key contribution is made through the harmonisation
of available data and the use of an iterative proportional fitting method to estimate the
missing flow data. The resulting output is a consistent UK widaseatof migration at
the local authority level for the first decade of thé 2antury, disaggregated by age and

SexX.

Analysis of the dataset reveals decline in the longstanding pattern of
counterurbanisation which has characterised UK migration fopabke50 yearsdriven
to a large extent by the fall in the intensity of naigon from urban to rural areas. Net
migration gain in the north from the south is reversed-aeichde, owingargelyto an
increase in moves from urban north to urban sdatkrnal migratbn rates are highest
in 2006/07at the peak of the economic bootinendecline as the financial crisis takes
hold. The distance that people migrate falls between 2001/02 and 2010/11.



Chapter 1
11
1.2
1.3

Chapter 2
2.1

2.2

2.3
2.4

2.5

2.6

Chapter 3
3.1
3.2

Table of Contents

INEFOAUCTION ..o cres e e e e e e e e e e e s 1
AIMS and ODJECHIVES.........uiiiiiiiee e 3
TRESIS SITUCTUIE. ...t e e 4
SUMMBIY. ..ttt e e e e e e e mmme e e e e e e e e e nnn e e e e e ennneas 6
Understanding and estimating migration: an outline and review....... 8
INEFOAUCTION. ...ttt et e e e e e e e e e e e e e e nne 8
Measuring migration in the UK: difficulties and inconsistencies........ 9
2.2.1 The UK subnational specification................cccccvvvimemnnnnnnnne 10
The solution: producing a consistent dKtaset..............ccccceevvvvvvieeen.. 13
Propensities and patterns: why do people migrate and where do
TNBY GO 2 i 16
2.4.1 Origins, destinations and intervening factors...................... 17
2.4.2 Personal characCteristiCS............uuuvrriieiriimmmiiiiiiiiiiieeieeeeeeeenns 21
2.4.3 Analysing and interpreting patterns..........ccccoeeeeeeeeeceeeicennn, 26
Problems: estimating missing data..............cccceeeiiiiiceceeeeniiceeeee e 28
2.5.1 Spatial interaction models, entropy maximisation and
iterative proportional fitting...............ooovviiiiiiccceeieeee 29
2.5.2 Linear regression modelS.........cccoouiiiiiiiimmmnniiiiiieeeee 31
(@0} o T3 0110 o SO 33
Estimating migration across four home nations: a data review........ 34
Migration in the cohort component model..............coooooviiieeiieen. 35
Estimation of internal migration in the UK............cc.ccooooeiiiiieeneiinnnnn. 37
3.2.1 ONS estimation Method...........cccoeiviiiiiiicceecieee e 37
3.2.2 ONS student adjustment.........cooooiiiiiiiiiimmmn s 39
3.2.3 NRS estimation method.............cccoeeeeiiivieeciceeeeeeeeen 41
3.2.4 NISRA estimation methad..........ccccooeeviiiiiiiceeiiii e, 43

3.2.5 Potential improvements taternal migration
methodologies by ONS and NRS..........cccoooiviiiiivicecicc, 43



3.3

3.4

3.5
3.6

Chapter 4
4.1
4.2
4.3
4.4

4.5

4.6

4.7

4.8
4.9
4.10
4.11

4.12

3.2.6  ONS IMPrOVEMENTS......coeveeeeiiiiiiiie e e e e e e e e enenes 44
3.2.7 NRS IMProVEMENTS......cccvviiiiiiieiiiireeee e vvenees 44
Crossborder migration in the UK.............oooviiiiiiiire e 45
3.3.1 Crossborder migration reported in the NHSCR................... 45
3.3.2 LAD level crossborder estimates and data......................... a7
Estimation of the international migration component......................49
3.4.1 ONS estimation methods...............ccccuvrmiimmmnnie 51
3.4.2 NRS estimation methods..............ccccoiviiiimmmniee a3
3.4.3 NISRA estimation Methods............cccviiiiiiiiicmnniiieeeee e, 55
3.4.4 ONS revisions to migrant distribution methodology in

2007 @and 2010......ccooeieieeeeeeeeeeetenee e 55
3.4.5 NRS and NISRA use of administrative sources.................. 57
Concepts and data COVEIAge...........ooveeiiiiiieeee e eeeeaaas 58
CONCIUSION ... s 63
Producing a UK wide migration database..............cccccevviiiiicceeeeennn. 64
The interaction matrix of data availability................ocooiiiie e 64
Filling the known parts of the interaction matriX.............ccccoeeeeeeieenns 67
Estimating the missing sections of the interaction matrix................ 68
Using iterative proportional fitting to estimate missing migration
(0 = 1t S PP PP PPRSPPPPPI 69
Using iterative proportional fitting to estimate migration in
Northern Ireland............oooo e 71
Estimating the missing margins for Scotland between 2001/02 and
2005/08......cceeeeeeeeeee e a e e e e e e annn 73
Using iterative proportional fitting to estimate biide cross
DOrder flOWS........ueeiiiiiiiiiiii e D

Testing tte iterative proportional fitting algorithm on observed data.79

Choosing the correct Se ... ... 81
Producing consistent geographies.............uuuueeeeeieemiiviiiiiiiiieeieeeeeeend 83
An alternative crosborder estimation method................cccuvvvvieeennnnd 85
g I O R IR 71 = ) 1 TR 86
CONCIUSIONS ...t r e e e e e e e e e as 87



Chapter 5
5.1
5.2
5.3

5.4

5.5

56

5.7

Chapter 6

6.1

6.2
6.3
6.4
6.5

Understanding migration patterns and proCesses...........ccceeeeeveeenn.. 38
An overview of migration trends.............oooevvviiiiiiccen e, 89
UK internal migration and the econormya national level analysis......90
Urbanrural and nortkrsouth migration...............ccoovvvviiiieeen e, 94
5.3.1  Urbanrural migration............cccccueiiiiiiiieemeeeeeeeeeee e 94
5.3.2 The northsouth divide..............ooovviiiiiiiiiceeeeie 98
5.3.3 The effect of an urbarural and nortksouth divides on
aaTTo] =V io] g I = 1= 100
Regional migration patterns..............uueeeiiiiiiceceriiiiie e e e e e eeens 102
5.4.1 London and the South East as an escalator region........... 104
5.4.2 Scotland and Northern Ireland................ooooiiiiieee s 105
Net patterns at the LAD levélmaking sense of the aggregate
1121 10 PP PP PP URP T 106
5.5.1 Net migration balanCes............ccccvvrrriiiieemiiiiiiiiiieeeeeee e 107
5.5.2  Net migration rates..........ccccuuvverriiiiiieeeiiiiiieieeeeeeee e e 112
Other measures of internal migration..............cccooeviiiccce s 116
5.6.1 Intensity and distance of migration...............cccccuvvimmnnsnnnns 117
5.6.2 Measures of migration connectivity.............cccceeeeeeeiieecrnnnnns 118
5.6.3 Measures of the impact of migration...................covvveeee.. 123
5.6.4 Making sense of the trends.............ccccceiiiiiiceciiiiicceeen, 126
(@] o[ 11 S] o] o H TSP 127

Using city region functional geographies to link origins and

destinations and examing diStanCe............cccuvveiieiiiicmniiiiieeeeee 129
LAD connectivity between 2001/02 and 2010/11............ccvvvvveeennee 129
6.1.2 A case for using City regionS........ccccuuuiieeeereiiimmmeeiiiineeeeeenns 131
Migration trends inthe UK.............coooiiiiii e, 135
Moves within and between City regions...........cccoeeeeviiiiiciiiieeeeeees 139
Flows Within City regiONS........ccoivviiiiee e eeee e 142
Flows between City regionS..........ooooieiiiiiiimenn i eeeees 145
6.5.1 Migration between City Rest and City Near areas............. 145

6.5.2 Migration between City Near and Coast and Country ared<l8
6.5.3 Migration between City Near areas.............ccceeeeeevvveeeeennn. 150



6.6

6.7
6.8
6.9

Chapter 7
7.1

7.2

7.3

7.4

7.5

6.5.4 Migration between City COresS.........ccceeeeeevvviiiiieeeeee e, 152
The role of the City COre........ccooiiiiiiieiiieeee e 154
6.6.1  LONAON COME....coiiiiiiiiiee e 159
Examiring distance: implementing a spatial interaction madel......160
DISCUSSION. ...cciiiiiiieeee et 164
CONCIUSION ...t 170
Disaggregating the database by age and SeX..........cccccvvvvvvvviiceeen.. 172
AN OVEIVIEW..... ittt ettt e e eeee et e e e e e nnnn e e e e e e 172
7.1.1  AQeDhands........oooiiiiiiiie e 173
7.1.2 Specifying the estimation scheme................cccccceivcevnnnnns 174
7.1.3 Theseed ValUL..........cccooiiiiiiiiiiieee e 174
Producing consistent margins for iterative proportional fitting....... 175
T.2.1  DaAlA..ciiiiiie e 175
7.2.2  CeNSUS TALA......uuuiiiiiiiiiiiiiii et 176
7.2.3 Theproblem with using registration data...................c........ 179
7.24  SEXRAUOS......cciiiiiiiiiii i 180
7.2.5 The temporal stability of age and sex variables................ 182
Producing consistent margins: Using a 2001 Census migration
ISTDULION. ... 183
7.3.1 Validation d the estimates............cccccoviviiiiieeeeee e 185
Balancing parsimony and accurdcyglassifying LADs by age

01011 PRSP 188
7.4.1  K-means ClUSTEIING.........uuuuuuiiiiiiiiiiiieeeiiiiiiiee e e e e e e e e 189
7.4.2 Implementation of Kmeans clustering..............ccccccvvvvviieenn. 190
T.4.3  SOMWAIE.......ooii it 190
7.4.4  DiStanCe MEASUIE..........uuurururrrieieiieeairririrreeeeeeeeeeeeeeeeeneeees 191
7.4.5 Assessing the number of clustérage information only....... 197
7.4.6 Assessing the number of clustérmales................ccoovvnnnnn.. 198
7.4.7 Assessing the number of clustéremales..........cccccceeeeeenn. 199
7.4.8 Comparing cluster memberships.............ccooeiiiieeene s 200

Modelling migration schedules.............ccccovvviiiie e, 201



7.6 CONCIUSION....eeiiiiiiiiiiiiete e 205
Chapter 8 Analysing patterns and trends of migration across the life course. 206
8.1 UK internal migration trends using the city region typolagy............ 208
8.2 Change in city region flOWS...........cooviiiiiiiiiiiiieee e 211
8.3 Migration INAICALOIS..........ccvuuuiiiiiiiiii i 216
8.4  Family migration (children aged™ and parents aged-3@)............. 221
8.5 Leaving home for education (or first jobpge 1519...........cceeeeeeeeee. 224
8.6  Leaving education for work age 2024...........cccceeviieiiieeeeceeeiiiieeeen 228
8.7 Early careel age 2029...........uuuiiiiiiie e eee 230
8.8  Older working agé 45-59 and retiremerit 60-74................ovvvvvvnnnnnne 233
8.9 Oldagei 75 and older..........oovvvviiiiiiiiiiiee e 237
8.10  SEX FALIOS....ceeiiiieiiieiieit e eer e eeena e e e e e e e e ean 239
8.11  CONCIUSION.....ciiiiiieeeiie e 243
Chapter 9 Conclusions and further research................cccceeiiiiiiccceeieiiieeeenn. 245
9.1 INTrOTUCTION.......iiiiiiiiiiiiei ettt e e e e e e e e e e 245
9.2 Summary of research findings............coovriiiiiiie e 246
9.3  Policy recommendations..............cieeiieeieeceeeiiiiee e eeeeee e 253
9.4 FULUIE WOIK .. oottt e ettt et e e 254
9.5  Concluding reMArKS..........couuuuuuiiiiii i ereee s 255
BIDIOGrapny ....eeeeeeeeeeee e 256
GlOSSAIY OFf TEIMIS ...t eeeea bbb e et e e e e e e e e eemee e 277

Appendix A List of terms associated with Figure 4.L...........cccooiiiiiiiiiiicciceeeennn. 279



Table 2.1:
Table 3.1:
Table 3.2:
Table 4.1:

Table 5.1:

Table 6.1:

Table 6.2:

Table 6.3:

Table 6.4:

Table 6.5:

Table 7.1:

Table 7.2:

Table 7.3:

Table 8.1:

Table 8.2:

Table 8.3:

Vi

List of Tables
UK migration flows, 2000/01.........ccccceeiiiieeiiiiiieeeiie e 13
Temporal intervals reported in the available data.......................... 61
The subpopulations counted in each data source...............ccceeee. 62

The correlation between IPF estimated and PRDS observed data
in each year for migration flows between England and Wales......80

Total in, out and net flows for each type of migration by country,
2001/02, 2006/07 and 2010/10.......cceveeiiiiiiiiiieeeeee e e eeiieeee e 89

The proportion of migrations that cross LAD boundaries which
occurred within and between the city regions, between 2001/02
ANA 20L0/LL ...t 133

Crosstabulation of LADs assigned to city region and urparal
ClaSSIfICALION.........cieeieeiiiiii e e e e e 139

Numbers of people moving between the city region component
parts, 2001/02, 2006/07 and 2010/11...........ceeeeriiiiiimenieeeeeee e 141

The number of LADs that exhibit medium (0.6 to 2) and high
(>2.1) migration rates in relation to flows to and from the City

SIM beta values and mean migration distance for predicted model
of LAD and city region flows, 2001/02 to 2010/11........................ 162

Data available for orighagesex and destinatieagesex totals
for internal (within country and crodsorder) migration.................. 176

The correlation between the estimated and register reported total
inflow and outflow for each LAD and the rate in each year
compared with the 2001 Census rate between 2001/02 and
2000711 raaeeane 186

The correlation between the estimated migration totals and the
PRDS reported totals for England and Wales in 2Q1.0/1............. 188

Change in the proportion of total migrants in each age group that
can be attributed to flows between compora#ytregion parts,
2010/11 compared With 2001/02..........cceiiiiiieeeeiieeeicieeee e 214

Change in the number of total migrants in each age group that can
be attributed to flows between component city region parts,
2010/11 compared with 2001/02.........ccccvviieiiiiiieeeeeeece e, 215

Sex ratio minimummaximum, mean and standard deviation for
each age band, inflow and outflow in 2001/02 and 2010/11........ 242



Figure 2.1:
Figure 2.2:

Figure 3.1:
Figure 3.2:

Figure 3.3:

Figure 3.4:

Figure 3.5:

Figure 3.6:

Figure 3.7:

Figure 4.1:

Figure 4.2:

Figure 4.3:

Figure 4.4:

Figure 4.5:

Figure 4.6:

Figure 4.7:

Figure 4.8:

Vii

List of Figures
The four countries of the UK and 406 local authority districts....... 10

Migration Cube representing the combinations of origin (O),
destination (D), age (A) and sex (S) data that will be explored in
the TNESIS.... e 15

The cohort component method for population estimatian............. 35

Health geographyfgrmer Health Authority areas in England and
Wales, Health Board areas in Scotland and aggregate Northern
Ireland) reported in the NHSCR, overlaid on LAD boundaries for

A comparison of pairwise LARLAD flows within England and
Wales, reported in the 2001 Census and 2000/01 PRDS............. 39

A comparison of pairwise LARRLAD flows within Scotland,
reported in the 2001 Census and 2001/02 CHl..........cccooveiiiiiicennes 42

The correlation between HA flows derived from the NHSCR and
the 2001 CBNSUS. .. en e e 47

A time-space diagram showing migrant lifelines, from Rees and
WilleKenS (1986).......ccuuvvviriiiiiiiiiccceeiiiiiiie e e e e e eeererieeene e e eeeeeann . B0

An illustration of how migrants are treated in data organised by
period cohort and period age............coovvviiiiiiiccc e 63

An interaction matrix of the relationship between origins and
destinations in the UK, highlighting what data is available............! 65

An illustration of the IPF routine for Northern Ireland (using
hypothetical data)...........ccccoeeiiiiiiii e, 72

Data availability and distribution of Scottish LADs across health
board areas........cccceeeeeeeeiii e

The proportion of total outside of Scotland flow that is attributed
to UK inflow (4a) and outflow (4b) for 2001 and 2006/07 to
2000711, e ———— e ——— 75

Comparison of estimated vs CHI reported inflow and outflow for
LADS in Scotland...........coooooiiiiiiiiiiceeee e 76

A comparison of the difference between origin and destination
migration totals for the UK and for Scotland...............cccccooivieeee 77

An illustration of the crosborder moves between England and
Wales to be estimated..........coooovviiiiiiiieeei e 79

Estimated vs observed estimates of LAD to LAD migration,
2001/02, 2006/07 and 2010/10.......ccvveeeiiiiiiiiieeeeee e eieeee e 80



Figure 4.9:

Figure 4.10:

Figure 4.11:

Figure 5.1:

Figure 5.2:
Figure 5.3:

Figure 5.4:

Figure 5.5:

Figure 5.6:

Figure 5.7:

Figure 5.8:

Figure 5.9:

Figure 5.10:

Figure 5.11:

Figure 5.12:

Figure 5.13:

Figure 5.14:

Figure 5.15:

viii

The correlation between various seed values and the PRDS data
in England and Wales, average of 2001/02 to 2006/017................. 81

The correlation between LAIDAD migration rates reported in
the 1981, 1991 and 2001 CENSUSES........ccevuiiveiirmmeieeeieeeieeeneeens 82

Outcome of the reorganisation of local government carried out in

Economic indicators for the UK and internal and international
migration rates, 2001/02 to 2010/11 indexed to 2001/02 rate....... 92

Population density by LAD based on the 2001 Census populatiar96

(a) Total migration between urban and rural areas and (b) the
relative difference with 2001/02..............uuuiiiiiiiiimemiiiiiiiieeeeeereee e 97

Total flows from north to south and south to north, 2001/02 to
2000/ L 100

Net migration rates (based on receiving population) for urban
north, rurainorth, urbarsouth and rurasouth, 2001/02 to

120 0 PP PPPPPR 101
Net migration to/from the regions of England & Wales, Scotland
and Northern Ireland, 2001/02 to 2010/11............uvvveevveerinenirnnnee. 103
Net internal migration balances, LAD level, 2001/02, 2006/07 and
120 10 PSR 109
Net crossborder migration balances, LAD level, 2001/02,

2006/07 and 2010/11.....ccceeieeeeeeeeeeeeecceeee e 110
Net international migration balances, LAD level, 2001/02,

2006/07 and 2010/11....ccceeeeeeeeeeeeeeeeceeee e 111
Net internal migration rates, LAD level, 2001/02, 2006/07 and

120 0 PP PPEPPR 113
Net crossborder migration rates, LAD level, 2001/02, 2006/07

aNd 2010711 ... et a e e e e e e e e as 114
Net international migration rates, LAD level, 2001/02, 2006/07

and 2010711 ... aaaaaaaaaaas 115

Crude migration intensity, mean and median migration distances
2001/02 to 2010/11 (indexed to 2001/Q2)........cccccvvvrvrrrrreemiannnnns 117

The percentage of districts in the UK connected by over 10
migrants in each year 2001/02 to 2010/1L..........ccovvviviiiiceeeeennn. 119

Index of inflow connectivity, LAD level, 2001/02, 2006/07 and
2000710 . e e e e e aan 120



Figure 5.16:

Figure 5.17:

Figure 5.18:

Figure 5.19:

Figure 6.1:

Figure 6.2:
Figure 6.3:

Figure 6.4:

Figure 6.5:
Figure 6.6:

Figure 6.7:

Figure 6.8:

Figure 6.9:

Figure 6.10:

Figure 6.11:

Figure 6.12:

Figure 6.13:

Figure 7.1:
Figure 7.2:
Figure 7.3:

Index of outflow connectivity, LAD level, 2001/02, 2006/07 and

120 PP PPPPPR 121
The index of inequality, coefficient of variation and Theil index

for the UK system, 2001/02 to 2010/11..........ccovvvvviiiiiiieeeneeeeeinnn, 122
The aggregate net migration rate and migration efficiency,

iNdexed t0 2001/02.........cooeeeiiuiiiiiimee et 124
LAD -specific migration efficiencies, 2001/02, 2006/07 and

120 0 PP PPPPPR 125
The size of the gross migration flow betweekls in 2001/02,
2006/07 and 2010/11 (origin plus destination tatal)...................... 130
UK CIty regiON @rEas..........cuuvuvuuuiiiiesieemrenriiiiiiiseeas e e e e e e e e amaninaneeeas 134

Proportions of total migration represented by each type of flow,
2001/02 to 2010/11, indexed to 200L/02..........ceeeeeiiirriranieeeaenns 136

The proportion of total flow between metropolitan and-non
metropolitan LADs (with the base year as 2001/02).................... 138

Net migration rates within each city region, 2001/02 to 20010/11144

Net migration rates for City Near areas in relation to City Rest

areas, 2001/02, 2006/07 and 2010/11..........cceeeviiiiiiiccceeeeeee e 147
Net migration rates for Coast and Country areas in relation to City
Near areas, 2001/02, 2006/07 and 2010/11..........ccccevvvvvrieeeeennn. 149
Net migration rates for City Near areas in relation to other City
Near areas, 2001/02, 2006/07 and 2010/11..........ccccevvvvvvieeeeennn. 151
Net migration rates for City Core areas in relation to other City
Core areas, 2001/E2010/11.......ccouuiiieieeeee e 153
Out-migration rate for LADs to City Cores in 2001/02 and

120 0 PP PPEPPR 155
In-migration rate for LADs from the City Cores in 2001/02 and

120 0 PR 156
Gross flow out of London core to all other LADs anénmigration

rate for LADs (from London) in 2001/02 and 2010/11................. 160
SIM beta values and mean migration distances for LADs and city
regions, 2001/02 to 22010/11..........ccooeiiiiiiieeee e 163
The estimation scheme for ODAS migration.............cccoeeeevvieeeeens 174

Migration rates by age and sex derived from the 2001 Census..178

The propaotion of LADs where the OAS or DAS total is three or
less within each age by sex grouping.........ccccooevveieiiieeciiicciiene e, 179



Figure 7.4:

Figure 7.5:

Figure 7.6:

Figure 7.7:

Figure 7.8:

Figure 7.9:

Figure 7.10:
Figure 7.11:

Figure 7.12:
Figure 7.13:

Figure 7.14:
Figure 7.15:

Figure 7.16:
Figure 7.17:

Figure 7.18:
Figure 7.19:
Figure 7.20:

Figure 8.1.:

Figure 8.2:

Figure 8.3:

A comparison of migratio schedules in England and Wales from
the 2001 Census and PRDS data for 2000/01 and 2010/11........ 180

Estimated irmigrationrate for Manchester in 2001/02 and
200071 e e ———— e e 185

A comparison of the estimated migration rate and NHS register
reportel rate for all years 2001/02 to 2010/11, for all LADs......... 187

Silhouette values for inflow clusters€Euclidean vdMlanhattan
AISTANCE MEASUIES. ... ce e et eeeme e e e aaeens 193

Silhouette values for outflow clustér€uclidean vs Manhattan

AISTANCE MEASUIES. ... ce e e eee e eens 194
Silhouette values for inflow and outflow clustérMale................... 195
Silhouette values for inflow and outflow clustérEemale............... 196

Final inflow cluster solution (left graph) and outflow cluster

solution (right graph) after 1,000 randomrt@s...........cccoeeeeeeeeeennn. 197
Cluster membership for inflow and outflaw..................ccoovirieeen. 198
Final inflow cluster solution and outflow cluster solution for

males (after 1,000 randOmtm@Nns)...........ccevvvvvveunniisimeenennnnnnns 198
Cluster membership for inflow and outfldwmales........................ 199
Final Inflow cluster solution and outflow cluster solution for

females (after 1000 randOmHM@NS)...........ccuvvvvvvvirreeeieeeieieenneeeeeee 199
Cluster membership for inflow and outfldwfemales...................... 200
Crosstabulation of clustemembership for aggregate outflow and
female OULTIOW. ........uee e 201
Modelled curves for in migration (black line)................cccvvviieeennns 203
Modelled curves for out migration (black ling)................cccceeeneeee. 204
Modelled curves for the small inflow and outflow cluster............ 204

The proportion of total migration at each age which can be
attributed to flows between city region areas (allowing for all
migration including within each city region component part),
2001/02 and 2010LL.........oovveieeeiiiie s eeen s 209

The relative change in proportion of migration for each age group
between city region component parts, 200102010/11 (largest
four increases and deCreases)..........cvvveeviiiiiiiccciiiie e e ee e e e eeeans 213

The percentage of LADs in the UK connected by over 10
migrants,by broad age in 2001/02, 2006/07 and 2010Q/11........... 218



Figure 8.4:

Figure 8.5:

Figure 8.6:

Figure 8.7:

Figure 8.8:

Figure 8.9:

Figure 8.10:

Figure 8.11:

Figure 8.12:

Figure 8.13:

Figure 8.14:

Figure 9.1:

Xi

Migration indicators at each broad age group for 2001/02,
2006/07aNd 2009/10.....c.cceiiiiiiieee e eeeeeiieee e e 220

The net migration rate for persons agetddin each LAD,
2001/02 and 2010/11...ccceiieeeeee e 222

The net migration rate for persons agee4ddn each LAD,
2001/02 and 2010/L1...cccoiiiiiiiiee e e 222

The net migration rate for persons ageell®5n each LAD,
2001/02 and 2010/L1...cccceiiiiiiiee e eeeee e e 227

Students aged 159 making their first move to higher education
as a proportion of the resident population aged9 each

LAD (average of 20089 and 2009/10 data)...............ccevvvrvrvieeennn. 227
The net migration rate for persons ageek2dn each LAD,

2001/02 and 2010/11....ccceeeeeieeeeeeeeeeeeeee e 229
The net migration rate for persons ageel20dn each LAD,

2001/02 and 2010/11...cccceeeeeeeeeeeeeeeeeceeee e 232
Net migration rate for persons aged3%in each LAD, 2001/02

ANA 2010711 ..t 235
Net migration rate for persons aged &0in each LAD, 2001/02

ANA 20T0/LL ..ot 235
The net migration rate for persons aged 75 and over in each LAD,
2001/02 and 2010/11...cccceieieeee e 238
Sex ratio for all moves at the UK national level (a) and sex ratio

for the UK population (b), 2001/02 and 2010/11.............ccevvvvrnnenn 240

Migration Cube representing the combinations of origin (O),
destination (D), age (A) and sex (S) data.............cccceeeiiimmeennnnnns 248



Chapter 1

Introduction

The need for accuratend timelypopulation estimatefor local authority aream the

United Kingdom (UK)is emphasised by tHgK Statistics Authority (UKSA 2009, p. 1)
statenentthatit hese esti mates are at the heart
resource all ocation and ser vi Ghe subdstahtielv er y
impact that migration has on the composition and sizéhede populations is well
summarisedoy Raymer and Smith (2010, p.70®ho stressthat there is a need for
improving the evidence base for both public policy making and academic research that
endeavours to provide better understanding of current migration intensities and patterns

s i n engratidin is currently, and increasingly, the major factor contributing to

popul ation change in developed countri es:

Whilst it is well documented thaboth internal and internationahigration
contribute to local, regional and national population dynamiciffarent magnitudes
they are both processes that extremely difficult to measure accuratéfyNS 2011a
GROS 2010pb NISRA 2007 UKSA 2009 and there isgeneralconsensus thathe
migration statisticshat are collected by the national statistical agencies in thaddd
to be improvedNational Statistics 2006A damning report published by thouse of
Commons Treasury Select Committee (2008, pMhich heard evidencigom a wide
selection of experts and publiccsar bodies, concludethat UK international migration
statistics are based onasunie esi gned t o pr dovtowlisn addat a |
busi ness tr which Is nop suitaple feremeasuring migratiomhile they
deemthatth@ cur rent met hods of estimating i nt e
lead to decisions on the allocation fafnding to Local Authorities being based on
i nadequat e Thesé fondingsadf theo Treasury Select Committee led to the
formation of theMigration Statistics Improvement Program (MSIP), a ciagsncy
collaboration, headed by ONS, tasked with improving migration statistics. This
collaboration brought about a number of improeats to migration statistics in the
UK, especially to internatimal immigration which is the focus of much critical attention
from the current administration, press and pubhccomparison, estimates afternal
migration have received far less attentiorthe popular press arftbm policy makers.
However internal migration within the UK has long been the focus of academic



researchés attentionand recentexamplesinclude Fielding (2012, Champion (200p
and Dennett and Stillwell (2000 A notable absence from much academic literature is
analysis ofcrossborder migration (between the four countries of the UkRich is
often excludeddue to inadequate dakeing available. The estimation and analysis of

these cross border migrations is one of the key contributions of this thesis.

It is within the context of this drive to improve the evidence base, estimation
methods and data output for migration statistinzg this thesiss located Various data
sources are available which report migration but they are used differently across the
UK, with no single consistent methodology being employed thiar estimation of
migration at the subnational level. Furthermdhere is currentlyuncertainty ovethe
future of the census which has given rise to an ongoing debate around suitable
alternative data sources, driven by a consensus for the need to produce comprehensive
and accurate population statisti¢slouse of Commons Science and Technology
Committee 201B The 6Beyond 20116 progr am, | €
investigating the potential options moving forward, with one of the key underlying
principles beingi t kJE harmonisation of statistical output as far as possible where
there is c¢clear an(@ONS$2012s, p)aThe resedrch presented im e e d

this thesis is well timed to contribute to this debate.

With these shortcomings in data availability and consistency imd,mihe
guestion of how best to develop a set of migration flows between local authority areas is
at the heart of this thesis. This requires an understanding of what datasets are available
and what estimation methods can be usdtkse flows between sutztional local
authority areas are termauaternal migration, where a person crosses an administrative
boundary either within the same country or between one of the four countries of the
UK. The geographical scale of this analysis is consistent with muttte diterature on
internal migrationwhere data availabilitglictates theevel of spatial disaggregation
(Stillwell and Hussain 20tMennett and Stillwell 200&alogirou 200%. Additionally,
analysis of international migration in to and out of théseal authority areasis

undertaken in this thesis.

The estimation and analysis of migration patterns presented in this thesis focuses
on 2001/02 to 2010/11, @me period during which a number of substantial socio
economic changes occurred in the UK: expansion of the European Union saw a large

increase in the number of international immigrants entering the UK from 2003/04



onwards; a period of economic growth gaway to the deepest economic recession
since the 1920s in 2006/07; and a coalition government took power in May 2010,
imposing an austerity programme on public spending. In this context, the thesis
examines the trends in migration that are apparent dthimdirst decade of the 21
Century, both in aggregate terms and disaggregated by age and sex. Given that little
attention has previously been given to crbsesder migration, the magnitude of these
flows can be assessed. The effect of the economic dawoh migration patterns needs

to be considered, which gives rise to the question of policy implications for the
observed migration dynamics in the 2000s, especially givenrdéispective censuses
report theUK population has increased atlly from 59 milion in 2001 to 63 million in

2011 and public spending is being reduced as part of the austerity measures. The next
section outlines the aim and objectives which will guide the research presented in this

thesis.

1.1 Aims and objectives

The aim of this thesis is to produce a comprehensive and consistent database of
migration for the entire UK at the subnational level, disaggregated by origin,
destination, age and sex which can be used subsequently to analyse migration intensities
and patterns and monitor migration change. To achieve this aim, six objectives are
proposed:

1. to highlight the need for consistent UK wide subnational migration statistics and
review the substantial literature that deals with determinants of migration, data
edimation and visualisation;

2. to comprehensively review the data and methods used in the estimation of
subnational migration in the UK for each of the four home nations, highlighting
where inconsistencies exist and data are missing;

3. to combine and harmoniske available subnational migration data and estimate
the missing information;

4. to build on existing techniques to develop a framework and set of measures for
effectively presenting the results from the estimated migration database;

5. to analyse the trends @npatterns that exist in the UK wide subnational
migration system between 2001/02 and 2010/11, using additional data where

appropriate; and



6. to provide a discussion of the work in the context ofgomg methodological

improvements and a changing data laage within the UK.

1.2 Thesis structure

This thesisbuilds up tothe analysis of a fulinigration dataset by origin, destination,
age and sex between 2001/02 and 2010/11, witlogical progression through
methodology, to results and implications this section,the way in whichthe six
objectivesare addressed in successtapters of the thesis is briefly described.

Objective 1: to highlight the need for consistent UK wide subn@onal migration
statistics and review the substantial literature that deds with determinants of

migration, data estimation and visualisation;

This objective isaddressedin Chapter 2, where an overview of the need for
comprehensive migration statistics in the context of resoalloeation at the local
authority level is ideriied. The problem of inconsistent data reporting due to the
involvement of three national statistical agencies (NSAs) who oversee the four countries
of the UK is highlighted. A review summarises the substantial body of literature which

is concerned withhte determinants of migration propensity (which helps to explain
patterns seen in the data later in the thesis) and the visualisation and analysis of large
migration datasets, which is an essential step in interrogating the migration dataset in
subsequent lapters. Finally, literature which deals with the estimation of missing
migration data and the application of models is assessed, which aids in the development

of the estimation strategy used in this thesis.

Objective 2: to comprehensively review the dataand methods used in the
estimation of subnational migration in the UK for each of the four home nations,

highlighting where inconsistencies exist and data are missing

Having established the need for consistent migration statistics, Chapter 3 provides a
review of migration statistics methodology and data availability in the UK, which is
gleaned from methodology documents and evidence gathered during meetings with
statisticians at the three NSAs. This serves to highlight what is required in the
estimation ofmissing data for the interensal time series throughout the 2000s. The

structure and coverage of the available data is assessed while at the same time a number



of demographic concepts are defined. This provides a theoretical base to the estimation

carriedout in this thesis.

Objective 3: to combine andharmonise the available subnational migration data

and estimate the missing information

Chapter 4 pulls together the available data by origin and destination and, using the
framework of a comprehensive matiof interaction flows, sets out this information
which enables the gaps where data are missing to be identified. The available data are
harmonised so that information on migration in England, Wales, Scotland and Northern
Ireland can be compared. Use ot titerative proportional fittingoutine (IPF) is
justified and the method is used to fill the gaps in the interaction matrix by combining
data that are available for each ryelr between 2001/02 and 2010/11 and utilising the
directional structure of th#ow matrix collected by the 2001 Census. The estimated
origin- destination interaction flow data are then disaggregated by age and sex in
Chapter 7 using aimilar IPF approach.nl Chapter 7, the estimation methodology is
extended by clusteringpcal autlorities based on their age profiles and smoothing
migration schedules, thus contributing to the understanding of how the data are

structured.

Objective 4: to build on existing techniques to develop a frameworkand set of
measures for effectively presenting the results from the estimated migration
database

In Chapter 5, a number ofeasures of migratioare identified from the literature along

with a set of frameworks which have previously been used to interpret and visualise
large and complex interaction tdaets. Measures of migration distance, migration
efficiency and spatial inequality are introduced, and the loctloaty district time
seriesdata are summarised using a broad classification into-sottth and urbarural
geographies. In Chapter 6,c#ty region framework is used to reduce the burden of
information being presented when connections between origins and destinations are
considered. To ensure that the city region framework is appropriate, a spatial interaction
model is used to compare thmcal authorityand city region aggregated data. These
measures and frameworks are used again in Chapter 8 where thhsinietr flow data

are disaggregated by age and sex.



Objective 5: to analyse the trends and patterns that exist in the UK wide
subnational migration system between 2001/02 and 2010/11, using additional data
where appropriate

Using the measures and frameworks identifie®jective 4, the UK wide migration
database is analysed for the period 2001/02 to 2010/11. In Chapter Serarewwv
assessment of general UK wide trends and net flows/ratlesatauthoritylevel is
presented. Chapter 6 takes this analysis a stage further by analysing the connection
between origins and destinations within a city region framework. In Chaptiese 8,lI

origin, destination, age and sex dataset is analysed using a life course approach, where
the fiveyear of age estimates are aggregated into various stages of the life cycle. Here,
data on student migration and armed forces migration are introdlu@egblain certain
patterns in the migration dataset.

Objective 6: to provide a discussion of the work in the context of egoing

methodological improvements and a changig data landscape within the UK

As the whole thesis is geared towards an improvenoénimigration estimation
methodology and the harmonisation of data in the UK, this final objective is considered
to a varying degree in a number of chaptéisis final objective is first covered in
Chapter 3 where methodological improvements which are rwage or being
considered by the NSAs are discussed. Thereafter, in Chapter 4 the best available data
are used in the estimation of the aggregate matrix which includes changes to data for
Scotland in 2006/07, while data availability by age and sex is cenesidn Chapter 7.

In Chapter 9, a discussion of the thesis findings is undertaken, and consideration of
changes in data and methods moving beyond the 2011 Census form an integral part of
this discussion. It is this final chapter which offers some ovewaaitlusions from the
project and reflects on the extent to which the six objectives presented in this chapter

have successfully been achieved.

1.3 Summary

Considerable data gaps and inconsistencies are resolved using the interaction matrix and
IPF routineemployed in this thesis, and analysis of the complete dataset, estimated for

2001/02 to 2010/11, reveals that a number of changes in the magnitude and structure of
migration have taken place over the 2000s. The approach employed in this thesis, which

dealswith the whole of the UK in a consistent manner, demonstrates these changes in a



way that is often overlooked in migration research, i.e. where the UK is treated as a
disjointed or unconnected spatial system. The next chapter provides the context for the
research carried out in this thesis by outlining in more detail the problem that exists with
migration data in the UK, the proposed solution and a review of previous studies which

tackle the analysis, estimation and presentation of migration data.



Chapter 2
Understanding and estimatingmigration: an outline and

review

2.1 Introduction

The aim of this thesis is to produce a comprehensivecansistentUK wide database

of migration by combining available data and estimating the gaps that exist, and an
analysis of migration trends over the past decade is undertaken using this new, complete
dataset. This chapter puts the research into context: firsgttiygsout theproblem that

exists with migration statistics in the UK; second, by outlining the framework that will

be used to provide a solution to this problem; and third, by examining a selection of
studies from the substantial body of literature tHhatls with migration patterns,
propensities and estimation. Thast of thesethemesprovidesa solid theoretical
background for the estimation of missing data and analysis of patterns that is undertaken
in this thesis, given that both are fields which dnagceived extensive attention in the

literature.

A desire and need to understand patterns of migration spans the academic,
public and private sector. From an academic point of view, the process of migration
underpins social phenomena studied by geograpeorling and Rees 2003
Champioret al.2013), sociologistgBerry 2000, epidemiologistgCarballoet al. 1998
Evans 198), environmental scientisttReuveny 200y and researchers in any other
discipline where the distribution of people or the composition of the population are
involved. In the public sector, the formulation of most policy decisions, ranging from
resource allocation, such as public health spending, to social cohesion, which
encompasses education, housing and a host of other factors, is dependent on a solid
evidence base vith reports the size and composition of local populations, which are
underpinned by the movement of people. In the private sector, business decisions are
based on the location of people (and by extension their migration decisions), whether it
be choosinghe site of a new supermarket or distribution centre to maximise revenue or
positioning an office or factory in an accessible area for the workforce. These patterns

are, however, not easy to measure tedfollowing section provides an overview of the



prodem which exists in the UKn relation to the consistency and availability of

migration statistics

2.2  Measuring migration in the UK: difficulties and inconsistencies

Migration is an integral component of population change alongside the natural change
components of births and deaths but is the most difficult demographic component to
measure or estimat®NS 2011 Whilstdeath is an event that occurs to a person only
once and a birth is experienced by mothers only one to three times on average, a person
can experience any number of migrations during a lifetiiine problem the UK faces

with regard to producing migratiotagistics is summarised by the UKSA (2009, p.9):

fiwhereas data on the number of births and deaths are deelhmented and
reasonably predictable, the movements of people into and out of the country
and between areas are less so. So as well as being tiper leomponent of
population change, internal and international estimates of migration are more

difficult to estimate with confidence

There is currently no compulsory system for registering migration that occurs both
internally (a move within the UK) omternationally (a move between the UK and
overseas). The data used and estimates produced for migration in the UK are covered in
detail in the next chapter but the fundamental problem is that migration estimates are
derived from a small sample (in the casfeinternational migration) or depend on
individuals voluntarily reporting a change of residential address to their doctor (for all

subnationalinternalmigration).

This problem with the recording of migration events is exacerbated by the fact
that tree different national statistical agencies (NSAs) estimate and administer
migration data for the four constituent countristhe UK the Office for National
Statistics (ONS) in England and Wales; the National Records of Scotland (NRS); and
the Northern Irland Statistics and Research Agency (NISRA). Differences between the
methods used and data produced by the three NSAs means that there is no single
consistent methodology for the production of migration statistics in the UK, especially
when moves at theuonationallevel are considered. These inconsistencies in data and
methods are covered in detail in Chapter 3, while the geography of thes UK
summarised in Figur.1, with the coloured outlines representing the four constituent
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countries yellow for Engbnd, red for Walegyreen for Scotland anblue for Northern

Ireland).
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Figure2.1: The four countries of the UK and 406 local authority districts

2.2.1 The UK subnational specification

The boundaries dhe subnationaladministrativeareasof the UK whichwill be used in
thesis can be seen in Figure 2.1 and are represented by greyidirtesgland this
administrativesubnational geographycomprises 326 local government areas which
include the City ofLondon and 32 London Boroughs, 36 Metropolitan Districts, 56
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Unitary Authorities (UAs) and 201 Nekletropolitan Districts (which may variously be
referred to as Shire Districts, Borough Councils or District Councils). Wales comprises
22 UAs, Scotland conitas 32 Council Areas (CAs) and Northern Ireland is made up of
26 Local Government Districts (LGDs). For simplicityn this thesis these
administrative geographies will be referredatlacal authority districts (LADs). These
administrative geographicablbndaries are the subject of periodical change, so the 406
LADs used consistently throughout this thesis are the most up to date boundaries (the
last major change occurred in 2009). Creating consistency between the beginning
(2001/02) and end dhetime sries (2010/11) requisessome adjustment of the data, a

process which is dealt with in Chapter 4.

UK-wide subnationalmigration incorporatefour types of migration flowgfrom a

personds origin resident beanveeniitbirche LADs n , t
identified in Figure 2.1

(1) intra-LAD flows that occur within each of the LADs;

(i) inter-LAD flows within each constituent country which can be referred to as
G nt emigratidn;d

(i) interrLAD flows between each constituent country which bameferedto
as Olomdesr &df | ows ;

vy flows into each LAD in the UK from t
LAD to the o6rest obkreféeréde owarsl dod nwleir a

i mmi grationdé and oO6international emig

LAD boundary that impacts on resource allocation and policy decisions at national,
regional and local levelt is the responsibility of the NSAs in each country to provide
mid-year pgulation estimates (MYEs) at the LAD scale and therefore it is the inter
LAD flows that are particularly relevant, rather than the whipd flows (where, even
though a migration has occurred, the financial or other service allocation is not
impacted).The MYEs are very important because they inform resource allocation and
policy decisions and therefore considerable importance is attached to the natural change
and migration components that are fed into the cohort component model used to
produce the MYEs. Tdrole of the MYEs and the migration component that informs

them is considered in more detail in the nehdpter
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Assessment of ananprovement to thestimation of thdourth of these flows,
moves between each LAD eunahty beingundériakershly o f
George Disneytahe University of Southamptaas part of atONS sponsoredoctoral
thesis. With a whole thesis being dedicatedhiproving the overseas componetie
focus is onsubnationalinternal andcrossborder migration in this piece of work
International migration data do form an integral part of the analysis contained within
Chapter 5, bumostoft he dat a ar@ wintch urde da djasEhé me n't
exception is international migration to and rfroScotland which was reported as a
combined flow alongside crodmrder migration up to 2006/0the method used to split
the international and cro$®rder migration flow is covered in Chapter&timation of
international and internal migration in th&kUhas received a good deal of attention in
the past, but internal crot®rder flows have received much less consideration.
Therefore, a key contributiomade bythis thesis isin estimating theseubnational

crossborder flows.

A comprehensive overview dfAD level migration can be obtained from the
2001 Census Special Migration Statistics (§MBhich provide an indication of the
magnitude okach of the different types of flow (internal, crdgsder and international
immigration)occurring in the UK sytem inthe year before the 2001 Censkmws at
the national leve{an aggregation of all moves occurring at LAD leedm the Special
Migration Statistics (SMS) are shown in Tal#d. The flows reported in Table 2.1
provide an important benchmark fiire magnitude of each type of flow examined in
this thesis, as the census offers a once in a decade opportunity to analyse migration data
which is consistent for the whole of the UK (in terms of the methodology used and
outputs produced). Estimating andabrsing UK migration patterns in a consistent way
is a key theme running through this thesis, and the 2001 Census is used to benchmark

much of the estimation methodology outlined in Chapter 4 and Chapter 7.

The diagonal elements represent the flows betvgegmmationalLADs within
each of the home natiofgiternal migration, excluding within LAD moves)able2.1
shows that internal migratiocomprises 80 per cent of the 3.1 million migratttat
cross a LAD boundarywhose origins and destinations were both stated in the 2001
Census returns. The efiagonal elements are the floietween the home nations
(crossborder flows)and the immigration flows from the rest of the world which

account for a further 6.5 per ceahd 13 per cent respectively of the 3.1 million
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migrants. In addition, the 2001 Census recorded a further 467,000 migrants at
destinations within the UK whose origins were not statethencensus forms in 2001

so it is not clear whether these amga-LAD moves,internal migration crossborder
migration orinternational immigration flowsMoves between LADs in Englaratcount

for by far the largest proportion of moves in 2000/01, where 2.3 million migrants (74.3
per cent of all migration) crossed a LADuUndary.To put the size of these flows into
perspective, the intrBAD flows not reported in Tabl.1 (and not reported in this
thesis) comprise a further 3.5 million migranis 62 per cent of all migration that
occurred in 2000/01 (although this propomt varies: 60 per cent in England, 83 per
cent in Wales, 76 per cent in Scotland and 70 per cent in Northern Ireland).
International emigration flows are not reported in the 2001 Census SMS as it is not
possible for the census survey to capture peopleasaot in the country on census

day.
Table2.1: UK migration flows, 2000/01
Destinations
- Northern Rest of Total
Origins England Wales Scotland Ireland theworld  outflows
England 2,315,824 48,248 43,675 7,899 - 2,415,646
Wales 42,614 40,835 1,546 325 - 85,320
Scotland 42,831 1,396 113,824 2,633 - 160,684
Northern Ireland 8,812 360 2,602 37,437 - 49,211
Rest of the world 360,531 9,916 28,868 7,461 - 406,776
Total inflows 2,770,612 100,755 190,515 55,755 - 3,117,637
No usual address 400,368 19,721 36,562 10,401 - 467,052

Source: 2001 Census (Special Migration Statistics Table MG101)

Having outlined problematical elements of migration statistics in the UK and
highlighted the three types of migration that will be dealt with astiimationallevel

in the remainder of this thesis, the following section outlines the proposed solution fo
collating and harmonising the data provided by the three NSAs.

2.3  The olution: producing a consistent UK dataset

Rees and Willekens (1981; 198&finet he mi gr ati on esti mati or
face (3F) 06 pr oblskblenfacesnoheaecube conshitate thelavaitalele data
while the unknown datéwhich needs to be estimatesi)s within the cube (behind the
faces).Figure 22 shows a cub&hich isbased on this concept of visualising datad
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is adapted and developed frendiagram presented in Rees and Willekens (1986,.p.53)
Figure2.2 whi ch wi | | be t e rsenedgtoillustrate tbeNdrogessest i o
that are undertaken in this thesis, which culminates in an estinii{echigration

matrix by origin (O), destiation (D), age (A) and sex (S) to produce the full ODAS
array of data (shaded grey in Fig@:2, behind the three faces of thkgration Cubé.

This dataset will be estimated for the ten year period-20@/02 to mieR010/11,

which covers and extends giitly beyond the intecensal years (between census day
2001 and census day 2011).

The face of theMigration Cubelabelled OD is an interaction matrix of
aggregate flows between the 406 LADs in the UK, plus a flow to and from overseas
(labelled internatioal). Just filling in this face of th#ligration Cubeis a challenge in
itself (with internal Northern Ireland and all crdssrder cells missing): the
methodology for collating and estimating the missing data for the OD face is presented
in Chapter 4alongside a detailed account of the OD face in Figure vliile analyges
of these aggregate results is presented in Chapter Elaampter6. The faces of the
Migration Cubdabelled OAS and DAS represent total out and total in migration by age
and sex respegely. These faces have been adapted from the specification set out by
Rees and Willekens (1986) with the addition of the sex variable in combination with
age (exclusion of sex would require two cublmsepresentation, one for males and one
for females) Estimation of the faces of thdigration Cubelabelled OAS and DAS,
along with estimation of the full ODAS array is covered in Chapter 7, while analysis of
this data is carried out in Chapter 8. In reality, data availability in this study dictates that
for a part of the OD face (the portion that covers within Northern Ireland and UK cross
border migration) and for the OAS and DAS faces ofNhgration Cube the problem
is one where there is only information for the edges (totahogtation and total in
migration for each LAD, withnoorigde st i nati on | i nkage), de
or B3E probl embd by Rees and Willekens (
proportional fitting routine used to estimate the missing values is explained in detail

within the two methodology chapters (Chapter 4 and Chapter 7).
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Figure2.2: Migration Cuberepresenting the combinations of origin (O), destination
(D), age (A) and sex (S) data that will be explored irnthiesis

Source: adapted from Rees and Willekens (1986)

The decisions madm the formulation of the methodology to estimate tBD and
ODAS tables in Chapter andChapter7 of this thesis are informed by the large body of
literature pertaining to the estation of inadequate data Wdtithe way the estimated
matrix is analysed (in Chapté&; Chapter6 andChapter8) is informed by literature
pertaining to drivers of migration propensity and measures/frameworks used to
distinguish patterns. This literatui® the focus of the remainder of the chapter, where
first, factors which influence migration propensities are addressed, followed by a review
of the ways in which migration patterns are measured and analysed. Finally, various

ways of estimating missing aradequate data are considered.
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2.4 Propensities and patterns: why do people migrate and where do they

go?

Understanding the factors which drive the movement of people, the spatial patterns that
these migrants exhibit and the impact that migrants havikeosize and composition of

local populations is an area of demography that has received a huge amount of attention
in the literature. In two seminal papers, Ravens{#885 1889 concluds that there

exi st a number of 0l aws of mi gration, 6
basis of much contemporary migration resedf@hgg 1977. The laws identified by
Ravenstein are familiar to most geographers and demographers: most migration occurs
overshort distances, the majority of migration is driven by economic considerations and
there is a preference for movement from agricultural areas of low employment to urban
centres where there is high employment. Attempting to review migration literature from
Ravenstein to the present day would be a very interesting piece of work but would be a
huge undertaking, well outside the scope of this chapter. The focus of this review
therefore switches to more contemporary literature, but it is worth considering the
assessment d¥laier and Weiss (1991, plWwho stressthaides pi t e t he man
approaties to the analysis of migration there is consensus about one point: all
researchers seem to agree that people or households migrate to improve their situation,
or more precisely, to be better off in the new location in the future than they would be in
the oldd .This is a principle that informs variable selection in migration modelling

studies, of which a selection is considered in Section 2.5.

In an influential piece of worl,ee (1966, outlines a framework for migration
which involves four factors: (1) factors asgated with origins; (2) factors associated
with destinations; (3) intervening obstacles (the link between origin and destination);
and (4) personal factorkee (1966, p.5largues that the positive and negative factors at
origin and @stination are assessed by a migrant (the value attributed to these factors are
different for each individual and varies at different stages of the life course however)
andiwhi |l e migration may result from a c¢omg
a simple compdds sdm mdt +desciadel t he act o
favour of the move must be enough to overcome the initial inertia which alwaye exists
The intervening obstacles can be a variety of factors including distance, physica
boundaries or immigration laws. The factors associated with origins and destinations, as

well as intervening opportunities are discussed further in the next section, while
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Openal factor sé ectioe 2.4Ri 4 csubstantad reviewm of e
deerminants of migration is presented Girampionet al. (1998 who focus on these
various factors under the headings of demographic, social and cultural, economic,
housing and environmental variabl€hampionet al. (1998, p.63stressthafii n mo st
situations these factors play simultaneous roles of differing significances, depending on
the context in space and timeWith this in mind, he following sections summarise

some of the many factors that have an influence on migration propensity.

2.4.1 Origins, destinations and intervening factors

Economic variables are intrinsically linked with other factors (the availability of jobs
and housig for example) but general measures of prosperity can be associated with the
level of migration GDP per capita and the number of new business registrations are two
such measures identified Byillwell (2005 and the first of these is used in Chapter 5 of
this thesis to assess migration levels at the national level. Van Der Gaag and van Wissen
(2008 address the relationship between internal mignatod a suite of economic
determinants including general business cycle indicators (GDP per capita,
unemployment), financial variables (inflation, interest rates) and structural labour
market developments (female labour force participation, ageing o&lloeirl force) in

five EU countries. They find that GDP per capita has the most substantial effect on
migration rates, interest rates and to a lesser extent unemployment have an impact,
Awhil e structur al characteri st ticongplicatdd t he
effect on internal migration leveds where increased ageing and increased female
participation in the workforce have a strong negative impact on internal migration rates
(p. 220). In times of recession, migration activity can decrease: in the case of the 1979
83 recession in the UK this isparted byStillwell et al. (1992 and more recentlthe
negative impact of the 2008/09 recession on UK migration rate is repori@drgos

et al. (201)). In terms of the national business cydWilne (1993, in the case of
Canada, identifies the general pattern as one where potential economic growth declines,
the overall migration rate falls. At the regional level (provinces in Canada) Milne found
that the relationship between economic events and migra@sneven stronger than at

the national level. This impact of the recession and the general health of the economy is
particularly relevant for the estimated migration dataset presented in this thesis, as the
early years (2001/02 to 2006/07) represent a bfrgrowing prosperity, while 2007/08
represents the beginning of the recession from which the UK is still recovering (at
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October 2013). Two key economic indicators, the availability of jobs and house prices,

are considered next.

The availability of jobsand wage differences are two factors which have been
found to influence migration at the regional levRkeeset al. (1996 highlight that
moving for employment reasons is a key driver for creggon migrationMcCormick
(1997, in a regional study between 1970 and 1990, find that employment growth in the
South West and East Anglia were consistentlyl%Oper cent above the national
average wtah prompted persistent -migration from other regions for nemanual
workers, especially from Scotland, North, North West, Yorkshire and the West
Midlands which experienced negative employment growth. They find that the manual
labour market, by contrasis spatially inflexible. Thomas(1993 finds evidence of
preference for migration to areas that offer higher wages, while the inflexibility of
manual workers is attributediol igedger aphi c fl exibility in
by Evans and McCormick (1994, p.298vho suggest that, of the manual workers who
migrate between regionsnly a small proportion do so for joblated reasons. More
recently howeverAndrewset al. (2011) find that there is no significant pattern between
wage differentials and migration at the regional leveding British Household Panel
Suwvey data between 1990 and 2007 tligyide migrants into two types: those who
move to a region with higher real wathan that of the origin and those who migrate to
a region with a lower realvage Dobson et al. (2009 find that international
immigration falls while unemployment is rising, but this is only for a limited period.
They look at the pattern in the context of the current recession Winidker
Registration Scheme data (which records the number of migrants from the A8
countries), finding that the typical early recession trend is emerging: a reduction in

immigration of labour and some evidence of a rise in emigration.

House price differamals are investigated bigabe and Taylor (2009, p.3Gvho
report thatfi buse price differential strongly influence migration propensitiés
relatively high hous@rices in potential destinations deter migration which is likely to
reflect credit constraints. Mortgage holders and social tenants are particularly sensitive
to these differentiafs Home owners are directly affected by house price differentials
while renters are affected as house price increases drive up rents or exclude them as first
time buyers.Thomas (1998 argues that regional house price differentese a

substantial influence on the destination choice of migrant retirees, and influence the
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destination choice of workers who move for job reasons, whereas they have no effect on
the destination choice for homemakers, the long term sick and workers exeofar

other, norob, related reason€ameron and Muellbauer (1998 a study focusing on

the period 1983 to 1995, report that high relative house prices discourage net migration
to a region, as does recent experience of negative returns in the local housing market.
This is expanded on by¥ameronet al. (2009, who find that housing market
comparisons with contiguous regions are more important than with the average of all
regions, given that commuting may be possible from a region with lower house prices to
one with higher house prices. They also report that as age increases, house prices matter

somewhat more relative to earnings.

The interplay between housing market forces and tenure type, which is
identified as a personal characteristic below, is a complex one. If housing markets
dictate high prices and economic conditions dictate that credit is hard to acquire then
moves betweerented and homewnership tenure types are much more difficult, which
may impact on migration. There is also a complex link between the housing market and
labour market:Owen and Green (1989, p.)2i a study of labour migten in the
1980s, find that long distance moves are predominantly motivated by the job market,
but that this movement is being limited by the housing market. They attribute the fact
that house prices in London and the South East are increasing fasterethast of the
UK (as is happening now in October 2013) and the contraction of the rented housing
sector to effectively curtail speculative migration to search for work. They suggest that
policies promoting owneoccupation ignoreB n e w and a éuniabke barrieres s ur n
to migration being erected by the current dynamics of the owner occupied housing
marked .In the case of the 19808jillington (2000 argues that the problem was
further exacerbated by the trerat the retired to stay put in areas that are experiencing
rapid house price inflation, postponing their -ougration which had the effect of

further restricting the supply of housing.

Environmental factors are identified by Champieinal. (2008) as having an
impact on migration decisions for people at all ages, but as especially influential at
young adult and older ages. They specify that the physical environment (landscape,
climate), built environment (type of housing), social environnm@stess to friends,
family, entertainment) and the services environment (access to retailers, entertainment,

nursing homes) all have an impact on migration decisions. Much of the literature which
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deals with migration motivated by environmental factors udises moves down the

urban hierarchy from more to less urban arelasnd this pattern of counterubaaisn

is discussed in detail alongside the dataset output from this thesis in Chapter 5. The
reasons for this preference for a rural environment areredvin detail by Champiost

al. (1998, p.9298), and they suggest that all evidence points towiards f or ce de e
the English psyche which i s dr(p96) thigispeop
termed the pursuit avates peopbertau migrdte out efyutb&and  w
centres byMingay (1989. Migration for amenity reasons are oftepaeed for elderly

and retired people, in the case of England and WaldRayyneret al. (2007 and for

moves torural Scotland byFleming (2@5). In contrastReeset al. (1996, p.53 report
thatyungpeopldil eave t he smaliln@edthi mlgad ®s dO®H o roit
they have the smallest net | Toanenityoahd al |

environmental factors seem to have a different impact on different age groups.

Finally, policy is reported as having a substantiafluence on migration
propensity. Internal migration is constrained by job and housing markets, so any policy
which promotes (or inhibits) these markets will have an impact on migration propensity.
For international ngrants, immigration policy is restrictive or permissi@yleman
(2008, p.46ba r g u e s, swatch dadiacally as thie political pendulum removes one
party from government office and instaésothed .Coleman (2008) reports that
migration policy is often overlooked in analysis of migration that is dominated by
economic modelling, a view shared Hgtton (200% andMitchell et al. (2011) where,
in models whi@ include economic variables, both studies find policy to be the
dominant influencing factor. A case in point is the accession of Eastern European
countries (A8 countries) to the EU in 2004. Labour market access was temporarily
restricted to migrants frorthe A8 countries by all other European countries except for
the UK, Ireland and Sweden, aMahgrasSilva (2013b reports that the 653,000 A8
migrants who entered the UK between 2004 and 2011 represented an unexpectedly high
number (based on predictions made in 2003).

This section has revealed that factatsorigins, destinations or somewhere in
between the two have a complex and substantial influence on migration propensities. It
has also touched on the fact that these factors exert different influences on particular

groups, based on their personal and algraphic characteristics. These characteristics
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and their impact on an individual ds ©prop

next section.

2.4.2 Personal characteristics

A number of per sonal characteristics ha
propensity to migrate. Age and sex are the most immediately obvious, and these will be
available inthe datasefproduced in this thesi©ther factors such as ethnicity, health

social mobility, marital status and tenure type are not possible to measiueeata but
nonetheless have been found to influence migration decisions. This section looks at

these personal characteristics.

As Plane (1993, p.3jGeports, ageihas been found to be
empirical predictors of ane mgatioa propensiyis mo b
widely reported to vary by agdhis variation by age is, however, very stable across
space and time, and these regularities are demonstrated in a large number of studies.
Rogerset al. (1978 introduced a mathematical representation of the age migration
schedule which is built on bRogers and Castro (198&ho note that the regularity of
migration by age is no different to the regularity seen in fertility or mortality schedules.
These regularities across space and time are reportd&thieg andBracken (1982;
1987),Brackenand Bates (1983)nd more recently braymer and Rogers (2008l
these studies report that migration intensities peak in the young adult ages; thereafter
they declineas age increases until retirement and old age. This age specific pattern of
migration is widely reported and analysed usidfeacourse perspective, where certain
events happen at different ages which have an impact on migragpangity.Plane
and Jurjevich (2009, pSummarisethait he | i kel i h oa Wil chamget an
residences varies dramatically and in broadly predictable ways across the major stages
of landftheege lifecourse stages are used to report and interpret results from the
ODAS dataset in Chapter 8.

Stillwell et al. (1996, in a study of migration between NUTS2 regionghe
UK (Counties in England, groups of LADs in Scotland and Wales and aggregate
Northern Ireland)report differences in migration rate at five key stages in the life
cour se: o0 f -A5and 3¢5 4a)g,e stbhe( 0O6ages -b9) ,| etalve n@
where work and24yaheedagestat6bp(@0dmemted o

a g e s-85 plus), although various different aggregations of these ages are used in life
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course analysidVarnes (1992, p.184or example, breaks down the life course into 11
stages, which is as detailed as specifying divorce, cohabitation emadsenarriage at
some point between age 27 and 50. The o6f
who migrate together as a family unit (Dobson and Stillwell 2000; Bushin 2000;
Kofman 2004)and where migration propensity is low, owing largely to the desire not to

i nterrupt a (Champlod 208 sTche od a gpgs of l eavin
highest migration rates due largely to moves for higher education {®filkams 2009;

Mosca and Wright 2010Wilson (2010, p.194argues that student migration is not
adequately accounted for in the modelled schedules proposRdderset al. (1978

due, in partto the formulation of the mathematical model being undertaken in the
1980s where higher education student numbers were lower. Wilson (2010) develops a
formulation of the Rogers Castroodel that includes this student peak. Migration rates
riseagainatth Oage of retirementd where peopl e
where quality of life is a priority (Raymet al. 2007 Fleming 200%, while migration

i n t hea ¢ aesigéherally agsociated with poor health and supmdeted moves,

where people move to be close to family or to a nursing home (Glaser and Grundy
1998; Burholt 1999).

The connection between migration at various stages of thedifese and the
structuralfactors identified above is made Bhampionet al. (1998, who specify that
higher education and the lalr marketare driving forces for young adult migrants,
family migration is dependent on labour market and environmental factors, while
retirement migration is influenced by the housing market and environmental factors.
Similarly, Millington (2000 in a modelling exercise that séhe age distribution in
inter-county migration flows derived from thational Health Service Central Register
(NHSCR a dataset discussed in the next chapten)s thata priori expectations wer
confirmed: young migrants fitted with labour market expectations, while elderly

migrants responded most to local house price and amenity variables.

The second personal characteristic available in the dataset presented in this
thesis is sexChampion (2005, p.93in an assessment of 2001 Census data, reports that
sexii s not a major di scriminator of mi gr e
such as themovement of armed forces persolndh order to pick up variation in
migration propensity by sex, it needs to be combined with age as, overall, sex ratios do

not vary much when aggregate data are repoffambers and Castro 1981Such
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analysis of age and sex is carried ouD®nnett and Stillwell (200)Qusing 2001 Census
data, who find that female migration rates are higher thae naéks at ages 18 to 19
and 2024. They offer explanation for the difference seen in the formeroasilgy

down to the female in a migrating couple being younger than the male while in the latter
age group, they citBaggianet al. (2007 who suggest that fematgaduates are more
mobile than males to compensate for gender discrimination in the labour market. A
reason for the difference at earlier ages is give@gmpionet al. (1998 who suggest

that females leave the family home one or two years earlier than men and/or
marry/cohabit with men who are about two years ol@#rampionet al. (1998, p.69

also report that at the elderly ages, differences emerge as a consequence yihgen d
earlier than women, so are effectivélye scapi ng some of the mi
s p o u s a | butdhat averalld(aggregate) differences are small as males and females

migrate together over the majority of the Idfeurse.

Patterns of migrationni the UK have been reported to vary by ethnic group.
Finney and Simpson (2008, p)8@ising 199 and 2001 Census data, find that Chinese
and Other groups have the highest crude internal migration rates, followed by Black,
White and South Asian groups, but th@tt h e d e mo gr a pebonamic and
characteristics of those who migrate internally ammisar for each ethnic group This
is elaborated on byimpson and Finney (2009, p)5&ho find that, in terms of
percentage I mpact on t he et hni c groupo
movement into areas with high concentration of White population is by other ethnic
groups, suggesting that the predominant driving force for migration desisioe
Acommon aspirations to improve housing ¢
from dense which they sugges, alsmlienges theories of ethnic minority
migration as a mechanism for sefiposed social segregation. Despite the general
asprational driver of ethnic group migratiorkinney (2011, p.466finds that the
timings of migration in the life course do vary for ymuadult ethnic minorities, as
Afethnic groups experience diff evitheSouth patt
Asian groups tending to remain in the family home until married, in comparison to
White Britons who tend to live independently from their late teen years. Further
differences are identified blraymerand Giulietti (2009 who, using the Small Area
Microdata sample of the 2001 Census, find that while education and employment are

important determinants of destination choice, they exert different influences on the
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White and ethnic minority population.dication level is an important factor for the
White population, while for other mic groups, employment status nsuch more
important. The majority of studies of ethnic group migration are carried out based on
Census data and most of the studies abgvertra scarcity of other data which reports
migration by ethnic group, a problem echoed3tijlwell (2013, who suggests that as a
result there have been fewtahpts to model ethnic minority migration using

explanatory variables.

Heal th i s a factor that | nBerithame (1988 s p e
reports evidece that migration amongst younger migrants is selective of people with
good health, especially over longer distances, while ill health is a motive for migration
over shorter distances and among older migrants due to the need to be nearer family or
social care. Boyle et al. (2002, using 1991 Census data for Scotland, echo these
findings and report that overall, young migrants tend to be healthier than yoong no
migrants, whileBoyle et al. (2004 confirm that elderly people are more likely to move
if they are ill. Norman et al. (2005 expand on these finding&Jsing the census
Longitudinal Study between 1971 and 19®&y report patterns of health selective
migration, finding that the dominant migratiolow is for relatively healthy younger
migrants (particularly those aged 20 to 59) moving from more deprived towards less
deprived (more economically favourable) areas. The effect of this dominant migration
pattern is an increase in health inequality, whbere is an increase in ill health and
mortality rates in the origin and reduction in rates at the destination. In contrast, people
in poor health tend to move from less deprived to more deprived areas which has the
effect of exaggerating this inequalityormanet al. (2005 p.2768 also find that moves
between deprived areas are made by people in poor health and that a small but
important group move from more to less deprived areas, concluding that these migrants

Amove to i mprove thdpetobe carebfby famipt ance s, p el

Marital status and family typ@ndependent of aggyre identified by Champion
(2005) as factors that influence migration propensity. Champion, analysing 2001
Census results, finds that single, never married people havhaighest migration
propensity while the widowed have the lowest, and widowers move the shortest
distances, followed by the divorced and separated. In terms of family type, Champion
identifies that cohabiting couples with no children have the highest mibpedn
migrate, while married couples with no children in the household have the lowest (this
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is attributed to these couples being older families whose children have left home). Lone
mothers were found by Champion (2005) to move the shortest distanée meanried

couples with no children moved the longest distances. In a study comparing nine
countries using 1980 or 1981 Census datmg (1992 finds that the relationship
between marital status and residential mobility is similar in Great Britain, the United
States and Japan, where the highest rates of migration are made by divorced people, and
nevermarried people make more moves than theiriedicounterparts, a pattern which

is most pronounced in milife.

Housing tenure has been found to impact on migration properiityle
(19933, using the 1981 Censusmploys a Poisson regression to compare the effect of
distance on migration propensity for moves to owner occupied, council housing and
private rented housing, reporting that the propensity to migrate varies wiite tgpe.

He finds that amongst owner occupiers, theretendency for moves away from urban
centres. Many private renters moved into the South East and especially London, but in
the North the pattern for private renters was for a move out of metropcktaires.
Council housing tenants are restricted when it comes to moves between LADs (arguing
that such moves would usually be special cases) so these moves are generally shorter
distance. This trend for shorter distance moves by council tenants isiagidied by
Gordon and McCormick (198 andHughes and McCorrok (199). The role of tenure

type and migration in London and the South East is investigatddiabynett (199},

who finds that private rented tenants were the most mobile, while the majority of
migration by council tenants was a move within London. Overall, migration propensity
was lowes for owneroccupiers but odtigration from London was higher than for
council tenants. As mentioned earlier, for owonecupiers or those moving from rented

to owneroccupied accommodation, house prices and the availability of credit for

mortgages havenampact on migration propensity.

Finally, socieeconomic status (or the social mobility) of a migrant is found to
have an impact on migration propensity. This can be assessed using a number of
variables including qualifications held, occupation and itrguef employment. As
mentioned earlierMcCormick (1997 reports that manual workers are spatially
inflexible in relation to normanual workers. Jetelated mobility is reported to be
lower for parttime workers and married women Bprdon (199% the limited mobility

of the latter is reportedly due to famllieonstraints. When it comes to unemployment,
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Championet al. (1998 find from an analysis of the Longitudinal Study between 1971
and 1981, that the unemployed were near the average nrs tef intefregional
migration rates, so lower than most rmanual workers but much higher than manual
workers.Dixon (2003, p.19¥ in a study usind.abour Force Survey (LFS) and British
Household Panel Survedata between 1992 and 2002, reportsthate o p |l e wi t h
levels of education, and those working in managerial, professional and semi
professional occupations, ar e muwhithisnor e
attributed to a need to migrate for job related reasons by the highly skilled. Within this
group of skilled people, Dixon (2003) found that higher household incomes promote

greater mobility.

This section has identified a number of personal faaitich exert an influence
over migration propensity, the most dominant being age. Identifying these variables and
identifying patterns requires robust frameworks for analysis, so the next section briefly
addresses some of these measures and framewoekls tasanalyse and interpret

migration patterns that are extracted from large and complex interaction datasets.

2.4.3 Analysing and interpreting patterns

With so many variables being found to have an impact on migration propensity,
analysing and interpretg patterns has become a key area in migration research. Tools
for measuring migration, frameworks for classifying areas by the type of migration they
exhibit and strategies for visualising data are an integral part in the process of
understanding migratiopatterns. In addition, where patterns and trends are identified in

a dataset, they become theories and frameworks within which other migration data are

examined.

A joint project between the University of Leeds and University of Queensland
entitlremch!l 6 IMitge ati on Around the Gl obE®G6 (
internal migration datasets from a large number of couni@gkwell et al. 2013, and
a ovirtual studiod6 (the DMasé Bl (2813uwhicho) h a
provides the tools with which to analyse these datasets using a range of migration
indicators. These indicators report a number of quantifiable phenomena, including how
efficient migration isas a process for redistributing the population and hgualethe
spatial distribution of migration is within a system. The IMAGE Studio is also capable

of aggregating thelata from various countries into different spatial units which allows
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for analysis of the effect that distance has on migrdamaset al.2013. The IMAGE
Studio is used to calculate a host of indicators for the data presented in Chapter 5 and
Chapter8 of this thesis, and a more detailed assessment of tlmwandicators is
presented alongsidihis analysis These indicators are employed in a choggonal
comparison of internal migration patterns in the UK and Australia by Stilletedl.
(2000; 2001) and by Belkt al (2002). The efficiency of migratiois a commonly
reported measure, being uséd an assessment of migration between Standard
Metropolitan Labour Areas in Britain ilowerdew and Salt (1979n a comparisowf
different ethnic groups in the UK Itillwell and Hussain (2030 and assessment of
changing migration patterns the USA byGalle and Williams (1972and byMcHugh

and Gober (1992 Inequality within a migration system is measured Rigne and
Mulligan (1997 and byRogers and Raymé&1998, both in the case of the USA

Clustering of areas based on their geodemographic characteristics has been
undertaken at various points by ONS, usually after a census, as is repoviedidne
et al. (1995 in the case of 1971, 1981 and 1991. The 1991 results ardustekbset
al. (1996 to analyse rates of migration across LADs in the UK. More recently,
clustering has been undertaken\agkers (2006) and Vickers and Rees (2006; 2007)
and byDennett (2010) and Dennett and Stillwell (2010; 20B9th the Vickers and
Dennett classification systems use a collection of demographic, economic, housing and
personal variables which gro@peas which exhibit similar characteristics together; the
former is a classification adopted by ONS following the 2001 Census while the latter is
specifically created to compare the migration profile of LADs.addition, \arious
frameworks are employech imigration studiesto analyse and theorise patterns of
migraion: counterurbarsation, reurbanation, gentrification, studentification, a north
south divideandurbarrural migration are all themes that have been used anskctin
the literature.Theseare covered in detail in Chapter 5 alongside the analysis of OD

results, so a full consideration of these frameworks is reserved until then.

Identifying trends and presenting migration patterns to an audience requires
effective strategies for visualising the large datasets that are produced when an origin
destination interaction matrix is us€the visualisation of a large volume of migration
data is considered kirae (2009; 2011)Wwho uses aumberof geovisualisation tools to
represent migration data from the 2001 Census. R&O9( p.177) argues that

geovisualisation of migration dateh as been somet hiamdgmpoys a s
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a range of techniques availablestandardsIS packages, such as line maps and density
raster maps, to represent the intensity of migration émtworigin and destination.
Similarly, Diansheng (2009develops an interactive system for visualising spatial
interaction data in the USA, whilgtillwell and Harland (201)0use vector analysis and

radar diagrams to visualise pupiidaschool interactions Leeds. New and innovative
visualisation techniques are constantly developed as access to data (or estimation of
data) improves: oigoing (as yet unpublished) work by Nikola Sander and Guy Abel at
the Vienna Institute for Demography us€gcos a tool eiginally designed in the
biological sciences, to visualise changes in a genome over time to create a graphic

representation of migration flows between countries (Sander péis3,comn).

This section has briefly summarised strategies for analysing@nchunicating
the results from often large and complex migration datasets once they have been
compiled. The next section considers the ways in which these datasets are compiled

where there is missing or inadequate data.

2.5 Problems: estimating missing daad

The literature presented in previous sections of this chapter has focused on identifying
variables that influence migration propensity and on the analysis, reporting and
classification of migration patterns and trends. None of these things are posiiblg w

a migration dataset and where those data are not available they need to be estimated. It
is this estimation which is the focus of this section. Often the process of estimation
requires a specific model, so estimation and modelling are terms ofth us
interchangeably in the literatur&he premise for modelling migration patterns is
summarised by RaymgR010, p. 73 who stresses tha&it he compar ati ve
mi gration is hindered by dat adadweatestheb i | i
useofmodel$i (i ) to correct for the inadequaci
data and (ii) to esthate the missing patterdsRogers (2008 summariseghat the
migration modelling field has grown enormoushyer the past 40 years and has split off

into too many branches far comprehensive rew to be feasible or appropriate. The

article outines he 6ér oot sdé of migration madstael | i ng
of-the-artbwas split into four strands: linear regression models, gravity models, Markov
chain models and matrix population m&derRogers (2008) argues that Markov chain

models have largely disappeared as a tool for modelling migration, gravity models
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evolved into spatial interaction models while matrix models evolved from uniregional

into multiregional formulations.

Fundamentajy ia mi gr ati on f | ow t abwvaye(ithatian be
origin by destination) contingency tableyhere the cells represent the counts of
mi g r a(Rayngen2007, p.99Gnd there are a numbef ways in which the missing
cells of such a contingency table can be estimated. This definition of a contingency
table corresponds with the OD face of Mggration Cubepresented in Figure 2.2, and
to this age and sex information can be added in vareags. The choice of model
form used i n definedsas mgh hy thenature of available fikat is
by the purpose (e. g. explanation or for
(Stillwell and Congdon 1991, p.and choosing the right model with which to estimate
missing values depends very much on the data structure and the todiseat r e s ear c
disposal. The following review is split ito two sections: first, spatial interaction
modelling is discussed alongside the idea of entropy maximisation, which is a concept
which frames the method of choice in this thesis, IPF. The sesswimn looks at the
family of models termed general linear models, which are widely used in contemporary

demographic research.

2.51 Spatial interaction models entropy maximisation anditerative
proportional fitting

One way of filling a contingency tab(evhere data may be missing or inappropriate for

a variety of reasonss by usinga gravity or spatial interaction model (SIM). The
6gravity var i ab |Sdvsade spedified bis@dlwely (200%, p.§ wherea n d
Athe characteristics of the ori gmgmantanay a
whil st the attributes of the destinatior
part cul ar d.eAdsd impoatdnt i® thed frictional effect of distand8ravity
modelling provides a tool to estimate migratieamd at its most basic, uses the flow of
population from origin to destination taking into account the size or mass of the
origin/destination and distance between the two (the friction effect). An early gravity
model was proposed [&ipf (1946 in a study of migration betwedysS cities and since

then the model has been developed extensively. To this basic model, further variables
can be added, for example to represent the attractiveness of a certain destination over
anotherEwing 1974. Roy and Thill(2004) provide an overview of the development of

SIM, from its early form in the context of regional science and its useeiasuring
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consumer behaviour at regional shopping centres through the Huff probabilistic model
(1963. Raymer (2007, p.99Grguesthatit he spati al i nteractio
statistical form of the gravity model, which includes the factors of population size of the
origin and destination regions, the distance between them, sante measure of
competition or attractivenegsThe SIM is used extensively in the migration literature.
Dennett and Wilson (20)3levelop a multilevel SIM where the spatial boundaries are

the 287 NUTS2 regions of Europe, which are constrained to-antertry flows and
Congdon(2010, p.77p uses a Bayesian methodology toiraate migration between
Engli sh LADsetasredle d nr aamd ofim ewihichelioks pull g r a v
and push scores across all areas. As a predictor of migration flows, a large and complex
spatial interaction model using a wide range of variable®8orones in England and
Wales termed the MIGMOD project has been constructed to help inform policy
decisiongdReeset al.20043.

One of the importantonsiderations of spatial interaction models is the method
of calibration. Linear regression was used to derive the early gravity model parameters
whereas the family of spatial interaction models derived by Wi{$667 were based
on entropy maxinsation principles (Wilson 1970 Wilson 197) and optimum
parameters were calibrated using mathematical metii®tkbwell 1991). Entropy
maximisation, i t h e mo s t l i kely configuration 0
s i t u gXohinstom and Pattie 200@kes advantage of all information within a spatial
system and constrains estimates to known totals: the total number of migrants moving
from origin to destination cannot exceed the total number of obsengrdnts in the
system. This, Wilson (1970) argues, is preferdbla gravity model with no bounds
whichcan gener at e O,wihnnsoee rmpeopleétraweling betwaen ergin

and destination than theaeein the system.

This principle of entropy mamisation is of itself used in the modelling of
incomplete migration tables and as summarisedRaymer (2007, p.9g6fient r opy
maximisation models borrow most of their strength fronohist cal t abl es of
One of the first applications of entropy maximisation in the migration literature is
presented byChilton and Poet (1933who devise an entropy maximisation model to
recover the small flow data (below 10) reported in the 1966 Census. Their contingency
table contains known information (flows over 10 and the marginal totals) where small

flows are the unknown element to be estirdatterative proportionalifting (IPF), the
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method chosen for the estimation presented in this thesis, can be considered a model
where the goal is the maximisation of entropghnston and Pattie (199&8rgue that

IPF is a means to achieve maximum likelihootinestion, and that the procedure has
been employed extensively in the geography literature under the guise of entropy
maximisation. Examples of the use of IPF in migration research include Nair (1985),
Scoen and Jonsson (2003), Willekests al. (1981) and Willekens (1982).A full
consideration of IPF (and the studies that employ the technique), alongside a

justification for choosing it over other strategies is reserved until Chapter 4.

2.52 Linear regression models

A second family of models used in theiesttion of inadequate migration data are
termedGeneralised Linear Models (GLd)yl This encompasssa subset of modelling
strategies which includePoisson regressionpg-linear modelling, Ordiary Least
Squares regression amogit regression(which is often represented using a logistic
regression model)all of which are used in migration research and are specified by
Flowerdew (1991, p.96as modelsiwhi ch i nvolve relating a
Il i near wheeadhe prédictor és one or more explanatory variables. GLMs have
been implemented in migration research due to their ability to incorporasliesri
derivedfrom various sources that are knowmibhfluencemigration decisions (social,

economic etc. as specified in previous sections of this review).

An account of the similarities between lggtoisson and loginear models is
provided byRogerset al. (2001), who find that when all variables in the model are
discrete, the resultproduced are very similar. Poisson regressioodels (and by
extension dg-linear models) are generally favoured over standard (OLS) regression
models in migration research, as summarised by Lovett and Flowgi®88, who
argue that standard regression is often inappropriate for count data, and that the Poisson
distribution is particularly useful where some observations have very low values, a
conditionpertinent tomigration data, especially at a disaggregated level. Ba@ge3)
uses Poisson regression to model a sparse matrix (containing a large number of zeros
and small flows) of ward level migration within Hereford and Worcester. He argues that
Poisson regressions preferable to OLS regression models which ofigra r e
oersensitive to fl ows i nvo(Boyle 2993bwd20¥ s ma
an assertion backed up Blowerdew (201pin a study of 2001 Census SMS data, who
reports that OLS performs as well as Poisson regression where counts are large, but not
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so well whe a large number of the observations are snidlke problem that arises
whendealing with a large number of zeros in a migration matrix is expiarddtailby

Bohara and Krie1999 wh o d e v e l-iorpf laa tdezde r Pofoi asteno/@ar mo d ¢
study of migration in the USAwhich they find reduces the underediction of
migrants found in traditional modelling approaches. In a study of 126 labour market
areas in Great Bain, Flowerdew and Aitkin(1982, p. 202 find that a Poisson
regression model oyterformed a loghormal model as it does not assume that error
terms arenormally distributed, can deal with unequal variance in error terms and

Aavoi ds t khnermd flow estinmtes, dnebogn successfully handle zerodlows

The use of a loginear model is advocated IRogerset al. (2010, p.3) for the
estimation of migratiorasfit he par a met ecasturedifferenttieatures wfo d e |
the spatial s t rallowihgufar eonswldratiom ofghe ahiaracterstics of
the origin population, the destination population and the strength of the linkages
between the two. Rogemt al. (2003, p.6Y use a loginear regression model to
Aprediigrtrati on from partial dat a byaigit, r i bu
destination and age, while Smehal. (2010 combinePatient Registedata(covered in
the next chapterlthe 2001 Census and the LFS in aliogar model of migration by
age, sex and economic activity between countidsngland. Raymeet al. (2011 take
this a stage further, producing an integional age specific and sex sfie model of
ethnic group migration in England from 1991 to 2007 using alitegr model to
combine migration data from the 1991 and 2001 Censuses and published NHSCR tables
from 1991 to 2007. Raymaat al (2011, p. 757/6) argue that the methodologyeds
could be applied to higher levels of disaggregation than GOR, however this would
Airequire additional efforts to timabeforeni se
c o mbi ni rPagstagcaadspatial structures are used by Raymer and Ri§E)s

to inform loglinear estimates of aggecific migration in the USA and Mexico.

Given that the interaction between origins and destinations is a complex one, it
is not unusual for the results from a gravity or spatial interaction model to be
incorporatedas variables in a regressionodel Flowerdew (2010 uses a spatial
interaction model for intedistrict flows from the 2001 Census to inform a Poisson
regression model, whil&arra and Del Signore (2010, p3ise a o6dynami c

model 6 cali brated using the PédessodOnonegn:
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variables (housing, t r ain the modellingi of interaak t r u «

migration flowsin Polard at the NUTS level.

This short review has shown that different approaches to estimation are
undertaken in various studies, and that each has chosen an approach that is suited to the
data structure and avail abi | ias rgported, mest e i
authors have a preference) and this is an idea explored further in the detailed

methodology presented in Chapter 4.

2.6 Conclusion

This chapter has set the context for the remainder of this thegik) lspecifying why it

Is importantto understand the magnitude and patterns of migration in the UK; (2)
highlighting the problem that exists with the data availability / structure; (3) outlining a
solution to this problem; and (4) providing a review of the extensive literature that will
be drawn upon in the estimation and analysis of migration in the UK. The next chapter
provides a review of the available data and the methods used by the three NSAs in
producing these data, thus expanding on the data issues identified in this chapter. The
solution to this data problem, discussed briefly in the second section of this chapter, is
the focus of Chapter 4 while the literature review, which was the main focus of this

chapter, is drawn on in the remainder of the thesis.
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Chapter 3

Estimating migration across four home nations: a data review

It was reported in thprevious chapter that the dastimationfor subnationamigration

in the UK iscarried outby three NSAs (ONS, NRS and NISRA) and that these NSAs
use different methods and sources when producing the estimates. This means that the
outputs they produce are often not comparable in terms of temporal or spatial focus.
This chapter pulls together nenous methodology documents and evidence gathered
through meetings and correspondence vetatisticians at theNSAs to produce a
comprehensive review of the data and methods st production of internal, cross
border and international migration eséites This chapter provides further justification

for the core aim of this thesisto produce a comprehensive and consistent UK database
of migrationi and provides the context for the next chapter, where the various data
sources are combined and the smg data are estimatdd produce adatabase of
migration interaction between all LADs in the UK for 2001/02 to 2010/11. Given that
much of the data reviewed in this chaptee used in the estimated matrix of the next
chapterassessment of the data a@my and coverage is undertaken where possible and
appropriate. No comprehensive overview of UK wide migration methodology exists,
with documentation being produced separately by the three NSAs although a
comprehensiveaudit of available interaction datandh their associated methods is
presented irDennettet al. (2007, whilst research by Reext al. (2009 provides a
summary of migration dasetsand a review of migration estimation methaddsthe

UK. More recently Raymeret al. (2012 provide an overview of methods, although
their main focus is on England and Wal€&ke review presented in this chapter adds to
this understandindoy presenting the most up to date methodology and potential

improvements that are being considered by thANS

The remainder of this chapter consistsfiok sections. First, the role that
migration statistics play in the migkar subnational population estimates is
summarised; secondhe subnational internal migration methodologgnd data are
considered; tind, the crossorder migration methodologgnd data areaddressed;
fourth, the methods used in the production of the international migration component are
considered; and fifth, a summary of the temporal periods angauidations overed

by the data ipresentedGathering and collating the evidence was a substantive piece of
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research in itself, a large number of the methodology documents have no named author
or, in some cases, a date of publication. Where this is the case, clarification has been
soughtfrom the NSAs and as much detail has been provided in the references as
possible.

3.1 Migration in the cohort component model

In order to provide some context for migration statistics in the UK, it is important to
understand that their primary use at shbnational level is as a component part of the
mid-year estimates (MYEs). The MYEs, produdedthe period 1 July 30 June each
year, inform resource allocation and policy decisions at national, regional and local
levels. An estimate is produced atsebnational level across the UK for Local
Authorities (LAs) and Unitary Authorities (UAs) in England and Wales, Council Areas
(CAs) in Scotland and Local Government Districts (LGDs) in Northern Ireland
(collectively termed LADs in this thesig)broken devn by age and sex. The estimates
are generatedising a cohort component model (Figugl) in which the migration

component comprises both international and internal flows.

Mid year population ; ; . +/- Net migration and § Mid year population
L it peats b T

Figure3.1: The cohort componemiethod for population estimation

The MYE datafor England and Wales are produced by ONS, the Scottish estimates are
produced by NRS and the Northern Ireland estimates by NISRA. ONS then compiles a
UK-wide MYE assuminghatiit he def i ni t i dmethods asecaby BRSu r c ¢
and NISRA are broadly consistent, providing comparable population estimates across
the UK constituent countries a(@GNS 2@llbcoher
p.2). This is certainly the case for ageing on thsidentpopulation, births and deaths.

The usually resident population is aged on one year from the previous MYE. Live births
between 1 July of the previous year and 30 June of the reference year are added to
population estimates at age zero and are allocated tbADBewhere the mother is

usually resident. Deaths during the same period are subtracted from the population of

the LAD of residence by age at the rydar reference point. Information on both births
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and deaths are disaggregated by €@NXS 2011b NISRA 2006 GROS 2010h The

600t her speciftedig EBigu@.1 comprise estimates for special populations such
as armed forceand prisoners, plus any boundary changes that happen during the year.
Student populations are included as part of the migration compimnEngland, Wales

and Northern Ireland, but not in Scotland.

However, the NSAs draw on different data sources andadstfor the internal
and international migration components of their respective MYEs and these are outlined
in more detail in thdéollowing sectionslt is important to emphasise that available data,
assumptions and geographical boundaries used in thmaésth of migration are
constantly evolving; in this dynamic context, a definitive overview of methodology has

limitations, given that historicastimates are often revised based on new information.

Legend

[ Heatth Authority Areas (black lines)
I LADs (white lines)

Figure3.2: Health geography (former Health Authority areas in England and Wales,
Health Board areas in Scotland and aggregate Northern Ireland) reported in the
NHSCR, overlaid on LAD boundaries for the UK
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Both internal andtrossbordermigration uses a data source called the National Health
Service Central Register (NHSCR) in which statistics are reported for health
geographies (former Health Service Authority areas in England and Wales and Health
Boards in Scotland) and as an aggretattd for Northern Ireland. Figurg2 shows the
geographical health boundaries reported in the NHSCR, where the black lines represent
health areas, overlaid on top of LAD boundaries, shown by white lines. The role of the
NHSCR in the context of each typémigration is explained in the following sections.

3.2 Estimation of internal migration in the UK

As there is no compulsory systeim record migration in the UKinternal migration
(moves between LADs within each countrgiatistics are derived primayilfrom
NationalHealthService(NHS) datasourceswvhich rely on the reegistration of patients
with a doctor when they migrat&hey are produced independently by ONS, NRS and
NISRA and supplied to ONS faollationat the UK level ONS and NRS produce DA

to LAD tables of moves, both of which are available in the public domain. NISRA also
produces internal migratioarigin-destinationstatistics for their MYEs but these are
currently not published. The methodologies used in each case and statisticegroduc
are outlined in more detaih the following subsections Here, moves between England
and Wales are discussed as internal migraasnthe same methodology is applied to
moves both within and between each country. In terms of analysis in subsequent

chapters however, England and Wales are recognised as separate countries.

3.2.1 ONS estimation method

ONS producea full matrix of origindestination flows betweebADs in England and

Wales which are estimated by combining data firo NHS sourcesthe National

Health Service Central RegistddHISCR and Patient Register Data System (PRDS)
along with data from the Higher Education Statistics Authority (HE&A)imates are
produced by age and sex for ONS use,dnyét and sex detail is less readily availdbte
academic research purposes. The NHSCR records movements between the former
Health Authority (HA) areas in England and Wales, of which there are 104 and can be
seen in Figur&.2; a download is supplied by all Primary Care Trusts (PCTs, the bodies

thatadministedocal health service budgets) on a weekly basis, which is then aggregated
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and reported quarterlpy ONS. The combined PCT downloads form the complete
NHSCR database for England and Wales.

In 2006, HAs became a redundant health geography bW estimates
continue to be published based on their boundaf@sS 2010a Furthermore,
following the Health and Social Care Act 2012, the role of PCTs in England is being
taken over by Clinical Commissionirgroups, gorocess that started in March 20481
which is currently orgoing (although this has no impact on the repgrof NHSCR
statistics at former HA level). A more detailed discussion of these health geographies
can be found in Chapter 4 in relation to geographical consistency throughout the time

series.

The extract of the NHSCR which is supplied to ONSdoes not coriin
comprehensive enougieographicatletail for estimatiorof migrationat a lower level
than HA,asit containsno postcod®r addressnformation for patients. For this reason
the NHSCRIis combined with the RDS which doesncludethe postcode of patién
(ONS 2010¢ A yearly PRDS download, supplied by the PCTs at the end of July (a
date chosen ai fulfils the assumption that there is a delay of one month between a
person migrating and registering with a new GP), records all people registered with a
GP in England and Wales. The register download in the current year and previous year
are comparedwith patients being linked between one year and the nes byique
NHS identification numberA migration is recorded when a change in postcode is
picked up from one yearly download to the next. Moves witHiAR are discarded, as
are any changes that come about through boundary changesage and sex of a

patient migrant are reported in the PRDS.

The PRDS estimates are then constrained (s¢alegree with the HA level
moves reported in thidHSCR This scalng procedure is carried out because estimates
derived solely from the PRDS miss some migrants due to the download only being
supplied by the PCTs on a yearly ba€d\S (2011a, p)preport that the PRDS misses
Aithe movement of those migrants who for
with a doctor in one of the two years, but who moved during thed y&ae largest
group of unrecorded migrants is babies who were born parttwaugh the year (so do
not appear on the previous year PRDS register) but also people entering or leaving the
armed forces (as armed forces personnel are not captured by the PRDS), international

immigrants and emigrants and people who die before thefethé year. The NHSCR,
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as a weekly download, provides better temporal coverage than the PRDS, so effectively
At he mor e compl et e i nf ormati on from th
geographically detail ed (ONSt2@llaf pBp Finallyh e p a
an adjustment is mad® the constrained estimatesing data from the UK Higher
Education Statistics Authority (HESA) to take into account studeigration, as

explained in mae detail in the next sugection.
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Figure3.3: A comparison of pairwise LARLAD flows within England and Wales,
reported in the 2001 Census and 2000/01 PRDS

As theintertion isto use the PRDS/NHSCR/HESA estimates as they are supplied by
ONS in the complete timseries dataset, as outlined in the following chapter, FigGre
provides a quick assessment of their coverage and accuracy. The graph compares the
origin-destination fbw for all pairs of LADs (120,756 pairs in total) reported in the
2001 Census to the ONS estimated 2000/01 flows. Although there is a two month time
gap between the 2001 Census (29 April) and PRDS/ NHSCR derived (30 June) flows,

the correlation is strongnd positive (r=0.97, p<0.01), although some outliers do exist.

3.2.2 ONS student adjustment

The rationale behind applyirgstudent adjustmernod internal migration dates set out
by ONS (20109. First, young people, particularly young men, can be slow to change
their registration with a GP when they move. Second, movements of students attending

higher education can be complex, including transfers to the place of shodgs



40

during the study period and moves after completing their study programmes. Students

may have two addresses, a tdime address and a home (domicile) or parental address,

both of which they spend time at. For these reasons, ONS introducestutient

adjustmenusing HESA datan 2010. The focus of the adjustment is internal migration

moves made by first year undergraduates and students at the end of theirfistudies

di

d

not change their GP (ONS 2040c,rpRtTheo n  wl

adjustment consists of three calculations:

1 A start of study adjustment: this is applied only to firsar undergraduate

students by comparing the tetime LAD to the domicile LAD by single year

of age and sex, and is based on the assumption that most students begin
university at age 18 or 19. Wittethe HESA flows between domicile and term

time LAD are larger than the PRDS flows (for this age group), HESA data are
used. A o6flagb is used to identify a
during term time, and each flagged record was remalvédwas a feasible
distance from the campus of study (ONS 2010d).

An end of study adjustment: as there is no source which identifies where
students move to at the end of their studies, a set of estimations are undertaken
by ONS:

o0 the number of people whend their studies each year is collected by
HESA, and includes tertime address from 2007/08. For adjustment
between 2002 and 2008, the 2007/08 téme address distribution has
been used;

o the number of former students moving to a different local dteataeir
studies is taken from 2001 Census data, using the question asking for
address twelve months ago. A Census record is only used if an individual
held an undergraduate degree at age 22 or a postgraduate degree at age
23. These records are used ticalate a rate for graduates leaving a
LAD (graduates in the Census who left the LAD divided by Census
graduates in the LAD 12 months before the 2001 Census);

o0 the number of students who move but do neategaster with a GR first
the rate of students whdo reregister is calculated based on moves from
the PRDS for mieR000 to mid2001, compared to moves from the 2001

Census by sex and age of-28 year olds. The rate of moves not
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identified on the patient register is then calculated as 1 minus the;above
and

o the destination of former students notregistering is calculated using
2001 Census data to create a matrix of LAD to LAD moves,
disaggregated by sex for an individual who held an undergraduate degree
at age 22, or postgraduate degree at age 23.

1 A double counting adjustmeintas students are likely to-register with a GP
eventually, an investigation into the amount of time takeswas conducted at
halls of residence at Bournemouth, Aberystwyth, Newcastle and
Northumberland universities. Theseidents were tracked over time to see how
long over three years ittooktoree gi st er. This includes

and an 6éend of studies6 adjustment.

The adjustment method attempts to deal with problems encountered when producing
mid-year pg@ulation estimates as students move to university after theyeaid
reference point (30 June). Assuming studentegister with a GP when they move to
university, they will be counted at their home (parents) address in the first year of their
study, buttheir termtime address in the second. At the end of their study, the academic
year (particularly for undergraduate students) often ends before thgearideference
pointAihence former students may be register
atfor a fraction of the migyeartomidy e ar  p(@NSi2@ladop.2).

3.2.3 NRS estimation method

In a similar way to the English and Welsh estimates produced by ONS8teaLAD

matrix of flows is produced by NRS ug two data sources: the ScottiNRISCRand

the Community Health Index (SCH{(GROS 2010p The SNHSCR, available as a
weekly download to NRS,ecords movements of migrants betweé&d Health Board

(HB) areasin Scotland (see Figurd.2) and contains age and sex information. The
SNHSCRsuffers from the same limitation as the NHSCR used in England and Wales in
that it does not contain the postcode information of patients. The SCHI is largely
comparable with the English and Welsh PRDS dataset: it is produced as a yearly
download for NRS ah it records the postcode of patients registered with a GP in
Scotland, along with age and sex variabf@smparison of the SCHI register between
one year and the next, with patients being linked by a unique identification number,

reveals a migration wheie patient changes postcode. As a yearly download, the SCHI
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has the same inherent problem of under reporting certain types of migrant as the PRDS
(babies, armed forces, international migrants and people who die at some point between
the SCHI downloads).

As s the case for the PRDS/NHSCR derived estimate in England and ‘ales,
annually downloaded SCHI estimates a@oentrolled (adjusted to agree withthe
SNHSCR totals by origin, destination, age and g&ROS 2010ph No student
adjustment is made for int&AD flows in Scotland, a defieincy discussed in Chapter

8 where estimates of the student age population are analysed.
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Figure3.4: A comparison of pairwise LARAD flows within Scotland, reported in the
2001 Census and 2001/02 CHI

Again, asthe intertion isto use these internal migration estimates as they are, with no
adjustment, it is prudent to compare them with 2001 Census data to assess their
similarity. Figure3.4 compares the LAD to LAD flows reported in the 2001 Census and
2001/02 CHI (992 origin/destination combinations in total). The NRS methodology
using the SCHI and SNHSCR outlined above only came into effect from 2001/02
onwards with no origirdestination statistics available before tfiennettet al. 2007),

even for official purposes within NR@NRS 2010, p.B With no CHI data available for
2000/01 this comparison is between data reported one year and two months apart
(census day 2001 and 30 June 2001). Despite this inconsistency, the correlation between
the reported flows is strong (r=0.97, p<0.01) which suiggtsat there isubstantial

consistencyn the structure obrigin-destination flows in Scotland.
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3.2.4 NISRA estimation method

Unlike in England, Wales and Scotland, only one NHS data source is used in Northern
Ireland. NISRA estimate flows aLAD levd using the Northern Irish Central Health
Index (NICHI) which records changes in address when a patieagigers with a GP

after a migration evergnd contains detail on the age and sex of the paRegistration

on the NICHI requires a person to aiot a Health Card in order to access medical
services, so the data are variously r1ep
different sources. The larger health area equivalent to the HA/HB in Northern Ireland is
the Health and Social Service Board (HSSB)t this geography is not used in the
production of migration statistics. To account for under registration of adult males, the
age distribution reported in the NICHI is adjusted to match that of the young female age
distribution(ONS 2011%. In additionto the NICHI derived internal migration estimate

a student adjustment is made, infedrbyHESA data by removing a number of people

of student age from mostADs andiaddi ng t hese to a small
centres of t hi (NiSRA 2007 p.3 Thabes cematres af thied level
education are identified as Belfast, Newtownabbey and ColgM#&ERA 2009.

Documentation on Northern Irish internal migration methodologies is fairly
sparse, buthe accuracy of using the NICHb produce migration statisticaas
investigated by NISRA2007) by comparing resultérom the 2000/01 register with
results from th€001 Census. NISRA found that the NICHI reported 35,500-0AdD
moves while the Census recorded 37,100 moves. The age and sex breaiede\siso
reported to show similar patterns and as such it was abextithat the NICHI was a
suitable data source for estimating internal migration in Northern Ire(Bif8RA
2007). As no origindestination migration statistics between LADs are available for
Northern Ireland, it is not possible to provide a comparison between the NICH reported
statstics and the 2001 Census as for England, Wales and Scotland in previous sections.
This is a set of flows which are estimated in the next chapter.

3.2.5 Potential improvements tointernal migration methodologies by ONS
and NRS

The lastthreesections havexplained theurrentmethods that the NSAsseto extract
and integrate data from various sources so as to generate the best estimates of internal
migration for use in their cohort component models. This sebtiefly discussesvays

that ONS and NRS are considering to improve their internal migration methodologies
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using new or improved dathlo information is available on potential impronents to

the NISRA methodology, althougiBarr and Shuttleworth (2012, p.6Q3in an
assessment of migrant coverage in the Health Card datemmend thatibet t er
estimats of the whole population are possible if attempts are made to locate some of
the groups i dent i f.inadiitioa® ménamdgamg peodleese a pt u
groups are identified athose who are not married, in higher status occupations and
thosewho are healthyBarr and Shuttleworth (2012)onclude thatfurther work is

needed to assess the accuracy of Health Card data used to measure migration in

Northern Ireland.

3.2.6 ONS improvements

ONS arecurrentlyassessing the possibility of using dagddhon patients in the Personal
Demographics Service (PDS), a constituent part of the NHS system that upattes
Ospined of t he NH®NHS201)eBy using the BRS, asvederv i c e
proportion of the population of England and Wales will be covered as patient address
details will be added at more points of contact with the NHS and will not rely solely on
registration with a GP in England or Wales. As sumseatiby the Select Committee on
Public Accountg2007, p. }, thisi pr ovi des more convenience
only notify one authorised healthcare organisation of ange of address and this
change will be available to all healthcare organisations as and when the patient
records are acessed .Theuseof the PDSas a data sourogould have asubstantial
positiveimpact on migrant estimation for hard to measure gradapsexample, young
males(a group that are consistently undercounted due to poor registration rates, see
Smallwood and De Bro&009; Fotheringhamet al. 2004) who attend an A&E
department would have their address details st@eeh if they had nategistered (or

re-registeredollowing a migration eventyith a GP.

3.2.7 NRS Improvements

NRS is looking towards the use of SNHSCR monthly extract which includes the
postcode of all people registered with a Scottish &Pwas reported in Section 3.3.3,

the SNHSCR extract contains no address dethilea a revised data specification
agreement with the NHS could see the inclusion of postcode information on SNHSCR
data(Mueller 201). As the SNHSCR is deemed to provide bettemporalcoverage

than the SCHIdue to the frequency with which it is reported, this means a potentially
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more accurate reporting systemhelpossibility of removing reliance on the SCHI

would allow the estimates to be more direct, as SCHI totals would no longer need to be
constrained t&NHSCR totals and estimates would no longer need to be constrained to
HB areas.Work is currently underway to ssss the postcode data provided by the
SNHSCRandNRS (2011, p.preport that migration figures at LAD level can likely be
producedit o an acceptable degree of accur ac.)

postcodes which cannot be validated afidcated to Local Authorities .

In contrast,NRS (2010 report that theres no short term plan to introduce a
student adjustment to their migration estimates. In a report assessing the viability of
applying the ONS student adjustment methodology (outlined above), NRS conclude that
as theSCHI 2000/01 data are not available, tted of study adjustment (which in
England and Wales compares 2001 Census and 2000/01 PRDS data) could not be
cal cul ated without &NRSX0M0CapH e alternati ve:

3.3 Crossborder migration in the UK

Crossborder migration statisticsin the UK are generallyreported by the receiving
country as these are seen to be mori@te than those of the sending courif@NS
20113. The level of detail availabl®r migration across the borders varies between the
constituent countries and the following ssdctions outline thenethods used anthta

that are produced=lows (with an origin and a destinatiodjsaggregated to anything
below health geography units are not estimated and so data orbordses flows
betweenLADs in each of the four constituent countries (internal ini@ional flows)

do not currently exisftThis is a flow estimated in the next chapter and relates to the core
aim of this thesis, to produce a comprehensive UK wide dataset.

3.3.1 Crossborder migration reported in the NHSCR

Between England, Wales and Scotland, the NHSCR and SNHSCR are both able to
provide counts that distinguish cressrder flows between health geographies (HBs in
Scotland and HAs in England and Wales). The SNHSCR, compiled in Dumfries,
records moves from H&n England and Wale® HBsin Scotlandwhile the NHSCR,
compiled in Southport, records the moves in the opposite direction. In addition, both are
able to identify a movéo and fromNorthern Ireland, but do not distinguish origiois
destinations in Ndhern Ireland below the national le®orthern Ireland is treated as

a single area in th€S)NHSCRdatg as shown in Figur8.2). Thedata reported in the
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NHSCR and SNHSCRre available as counts of moves by age and sex. The register in
the receiving contry is adjusted first, and notification of the move is then
communicated to the sending country and its register is updated. NRS send their matrix
of flows from the SNHSCR to ONS who administer the diteghe case of Northern
Ireland, because the NHSG&not used for crossorder migration(ONS 2011a, p)3

report thatiinvariably, the number of migrants moving to Northern Ireland as recorded

in the NHSCR is different from the number of rsaweNorhern Ireland recorded by

N1 S RPhérefore, ONS apportions the NHSCR data to take account of the differences
in the number of movascorded by the NHSCR and NISRAhis approach is based

on the assumption that the count reported in the country that receives the migrants is

better than that in the origin country.

In terms of the accuracy of reportingetAudit Commissiori2006, under the national
duplicate registration initiative, assessed the 56 million electronic records of patients
registered with a PCT or Local Health Board in England and Wales for 2004/05,
identifying 185,000 records (0.8er centof the ppulation) which could be deleted
based on a number of criteria, including duplicated recands gone awaysod v
longer lived at the address held and deceased peisarsiew of the NHSCR using

the Longitudinal Study (LS is a sampleadfca 500,00(people at each census date) was
carried out by Smallwood and Lyn¢B010 who report tha®5.7 per centof ONS LS
members enumerated at the 2001 Census residdteisame area as th&NHSCR
record. They also found that only JpBr centof those enumerated in the 2001 Census
did not appear on the NHSCR at dlhese results suggest that the overall coverage of
the NHSCR is good.

Assessment of théows between health areas reported in the NHSCR and
SNHSCR that are available for use in this stedp be undertaken by comparing the
data to the 2001 Census, and the result of this assessment is presented iB.%igure
Flows reported between LADs inegh2001 Census have been aggregated up to the
HA/HB in which they are located, and this aggregated flow is compared to the NHSCR
health area to health area data for@0D (with Northern Ireland as one aggregate area,
as it is reported in the NHSCR dat@he correlation between NHSCR and 2001Census
flows is strong and positive ( r = 0.9p<0.Q), as isthe correlation between migration
rates based on the 2001 population sizthe destination HA (r = 0.9%<0.Q). When
the standardised residudty these rates aranalysed (blue points in FiguB5), 147
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out of 14,055 paiwise casesdl outside of the 95er centconfidence interval. Of
these 147 cases, only nine constitute chassler flows (7 from England to Scotland
and 2 from Northern Ireland t68cotland). The rest of the outliease between HAs
located within close proximity to one another (ate within the same GOR as each
other). In 96 instances, the 2001 Census flow exxiedNHSCR flow, suggesting that
migrants whaarepicked up in théormer did not reregister with a GP when moving, so
arenot captured in the NHSCR. However, in 51 cases, the NHSCR flow exiteed
2001 Census flow.

Outliers

Sh=g5%

MHSCR

Sh=g5%

Census

Figure3.5: The correlation between HA flows derivedm the NHSCR and the 2001
Census

Consideration of a methodology that uses this NHSCR data to estimate LAD to LAD
crossborder migration flows is undertaken in the next chapter. Aside from the NHSCR,
there is no other data source that capteressborder flow data, so the data sources

which capture outflow and inflow at LAD level are assessed in the next section.

3.3.2 LAD level crossborder estimates and data

At LAD level, the most comprehensive information on cfossder migrants is
availablefrom ONS for England and Wale©NS (2011a report the method used,
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which relies on the yearly download of the PRDS. Femigration to a LAD from
Scotland or Northern Ireland, a migrant is initially identified endh an NHS
identification number appears on the PRDS yearly download which was not on the
previous year 6s PRDS and the record indi
Northern Ireland. These data are then constrained to agree with total moves into
England and Wales from Scotland or Northern Ireland as reported in the NHSCR. There

IS however no record of tleubnationalorigin of that migrant.

The process is similar for estimating crdsder emigration from a LAD in
England and Wales. Where an Nht&ntification number that was on the previous
year s PRDS is not found on the current
the NHS numbers held by Scotland (on the SCHI) and Northern Ireland (on the NICHI)
and where a match is found, the migrsntecorded as moving to either country. These
migrants are then constrained to thariigration totals reported by NRS and NISRA (as
the data from receiving country is deemed to be more accurate). Agaobnational
destination is reported for the gnant who has left a LAD in England or Wales. The
data reported for LADs in England and Wales is therefore a total inflow and outflow
from/to the whole of Scotland or Northern Irelaindge and sex variables are reported

in the data.

In Scotland and in Nthern Ireland, the level of disaggregation for crbesder
migration at LAD scale is even less detailed. Both NSAs report migration between a
LAD and the oO0rest of the UKO6 with no rep
migrant. For Scotland, th8CHI yearly download gives similar detail to the PRDS
downl oad wused by ONS. By comparing the
previous address is identified as being outside of Scotland but somewhere else in the

UK an inmigration is reported. Similarlfor outmigration, a move to the rest of the

UK is identified where a patientds NHS r
year 6s SCHI register but not on the currtr
from ONS and NISRA. Prior to mid007 , in Scotland this LAI

figure was combined with overseas migrat
was reported for mmigration and outnigration at LAD level. ThePopulation and
Migration Statistics Committee (20P¥eport hat although the crodsorder data and

IPS derived international data were available at HB level, for the distribution to LAD

level fiboth overses.and UK migrants are combin@drollowing discussion with NRS,
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it was concluded that it was not possible to disaggregate this LAD level total to UK and

nonUK migration(Mueller 2011).

For Northern IrelandNISRA (2013 report thadata formigration to/from Great
Britain are based on transfer Biealth Card (the NHS number) and the figures are
agreed with ONS and NRS. The migration reportddA® level is derived fronHealth
Cardr egi stration where a personds previous
Out migration is based ddealth Cardderegistration and agreed with thenmgration
figures collated by the other NSAs. Again, thggration data at LAD level for Northern
Il reland is reported as having an origin

indication of which country a migrant moves to or from.

34 Estimation of the international migration component

All three NSAs draw on the United Nations definition of a leteym migrant as
Afsomeone who changes his or her country
y e a fOBlS 2009b, p.B ONS compiles anational levelestimate of Longrerm
International Migration (LTIM) for the whel of the UK as well asstimates of short

term migrants (staying for-B2 months) and visitors to the UK (staying less than 3
months). It is the long term migraniagho are of relevance tihis thesis. The national

level LTIM estimats produced byONS are bsed on the following data sources, as
outlined byONS (2013

1 The International Passenger Survey (IPS) flowsternational migration flows
are based on a sample of 0.2 per cent of travellers interviewed on entering or
leaving the UK via the major air, sea and Channel Tunnel embarkation points.
Of the 230,000 inteflews conducted in 2008, 2.2 per cent were migrants, giving
a sample size of around 5,000NS 2009h. The I PS is an 01
survey, asking migrants where they intend to go and how long they intend to
stay in the country. Reliance on the IPS has been widely criticised, Kupiszewska
and Navok (2008, p.57 find that analysis of time series IPS data showed
i going fluctuations, compared with much smoother curves reported by, for
exampl e, t h evheid e tpdpelatidn aegistes & used. Problems with
the limited sample size of the IPS have been emphasised by{ZRe8s p.35%
who states that emigration fl ows at a

and by Stillwellet al (2010, p. 2 who suggested that even at regional scale,
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user s ar esmaahvout srregiilarities in fihe data by calculating three
year averages A ParliamentarySelect Committee (2008, p.26) concluded that
the IPS wasfin ot fit fas & soprcerop migratian statisties its
primary intended use is for measurement of tourist flows. Nevertheless, the IPS
continues to be the primary source of data from which international migration in
England, Wales and Scotland éstimated. As part of an ONS sponsored
doctoral thesis at the University of Southampton, Ge@rgeey is working to
improve these IPS derived estimates, using Bayesian modelling to estimate
international migration by country of citizenship (Disney 2Qd&s. comn).

Migrant switcher and visitor switcher flowsbecause the IPS is amentions
based survey, an adjustment i's made
intention to stay in the UK for over 12 months but who stay, in fact, for less than
12mon hs and for O6visitor switchersé wh
months but who remain for over 12 mon{dNS 2007%. these calculations are
based on the knowledge thétt h e l i kel i hood of a Vi
intentions can vy depending on their citizenship and place of last or next

r esi d(©MNSc2618c, pp

Northern Ireland migratiofilows I since 2008Health Cardregistrations have

been used to capture the international migration flows between Northern Ireland
and the rest of the world reported in the LTIM. This is because the IPS has not
historically sampled air or sea ports in Nmtn Ireland (although Belfast is a
recent addition) and thelealth Cardregistration system is seen as a more
accurate measure of flows (ONS 2010e). Two criticisms of the Northern Ireland
international migration estimate exist: firéiealth Cardregistrdion identifies

both longterm and shofterm migrants(ONS 20104l resulting in a potential
overcount of longterm immigration to Northern Ireland; and second, the
emigration estimate derived froiealth Cardderegistrations underestimates

the number of engrants from Northern Ireland and subsequently needs to be
scaled up by 67 per cefiISRA 2010.

Home Office asylum seeker ddtavhich are used to adjust IPS data to exclude
asylum seekers counted in the IPS and those who returned within one year of
their application, the number returned to their counfrorigin and the number

who withdrew their asylum applicatig@NS 2013}
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Each of the NSAs in the UK has its own method for estimating irttenah migration

at thesubnationallevel and these methods have been the subject of substantial revision
during the 2000s. Whilst IPS data combined with migrant/visitor switcher and asylum
seeker data are used for England, Wales and Scotland at the national level, these
national estimatesre distributed differently to theubnational level by ONS for
England and Wales and NRS for Scotland. NISRA does not use the IPS, relying instead
on a distribution method based étealth Cardregistrations. The following sections
outline in more detaithe estimation methods that the NSAs use for Isottmational

immigration and emigration.

34.1 ONS estimation methods

In 2013, resulting from work carried out during the MSIBNS implemented a new
methodology for distributing international immigrantsliADs in England and Wales

and lack datedhe methodo all data reprted for midyear 2006 onward@®©NS 2013d,

p.9. under this new methodologyhea IPS estimate of immigratio(adjusted for

migrant and visitor switadrs)is distributed directly to the LAD level in England and

Wales by utilising administrative sources which correspond to the type of migration
reported by migrants in the IPS questionnaire (ONS 2011, based on work by Boden and
Rees 2010). The main stresudentifiedon the IPS questionnaiege those entering the

UK for work, for study, returning migran
the specific reasons for immigration. Where a migrant who states their reason as being
for work purposeshie Migrant Worker Scan and the Lifetime Labour Market Database
(known as L2) are used to distribute the migrants based on national insurance number
(NINo) registrations. For immigrants who state their reason as study, data from HESA
and the Department of UBiness, Innovation and Skills (which records Further
Education students) are used. Finally, registrations with a GP-4Hlegistrations) are

used to allocate the O0o0otherdé migrants. T
estimation issues in cemalLADs and the relative complexity of the Poisson regression

model for distribution which was in place previoug@i§cGregor 2011

For all data between migear 2001 and migear 2005, the previous (p2913)
methodology still applies, which compriseshmeestage estimation procedurEirst,
ONS distributethe IPS estimate to the regional level (Wales plus 9 GORs in England)
using the Labour Force Survey (LFS) thsemar average. The LFS is a sample of
60,000 households per quartenich reports previous country of residenaed is seen
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to give a more accate distribution of immigrants than the intentioased inflows
captured by the IP8ONS 2007yl The LFS distribution is used as a control total and

the IPS estimate is then allocated to the regional level using the LFS distribution by
broad age group and sex.€eltPS thregyear average estimate is then distributed to an

i ntermedi ate geography called the dédnew n
The NMGi is an aggregation &ADs which share a boundary and have a minimum of

20 IPS contacts per ye@®NS 20095 NMGi replaced the increasingly obsolétealth
Authority geography(as discussed abovB)r reporting of international immigration

2007. In the third stage, immigrants are allocated toLthe level using a Poson
regression model which incorporates a number of covariates such aé Glageral
Practitioner (GP) registrations and National Insurance Number (NINo) registrations of
overseas immigrants and immigrant counts from the 2001 Census. The covariates vary
each year as ON&O0O071) report that fixing the covariates caused volatility in the model

over time. The weighted IPS estimate is the response variable arfiiah@pr oa c h
reduces the variability in the IPS estimates at lomadhority level by making use of
their relationship wWONSRO11bhpEp TieLADdestimatesr v a
are constrained to sum to the national and regional IPS estirAaRgsisson models

used as it is able to deal appropriately with count data, where standard regression
methods are often not appropriate (see Section 2.5.2 for consideration of the types of

regressiormodelused in migration studies).

The method used fastimating immigration tbondonBoroughsbetween mie
year 2001 and miglear 2005s slightly different; all norstudents are allocated to the
NMGi level using the LFS thregear average rather than using the IPS tlysze
average as occurs for the resthe UK. This is because the sample size of the LFS is
seen to beufficiently large for London boroughs, but not fokDs outside of London
(ONS 2007k. Non-UK students are distributed to London boroughs directly without the
use of the NMGi based on data supplied by HESA.

The International emigration metthalogy received no update in 2013, and is
implemented as follows he IPS interview includes a sample of international emigrants
at UK air, sea and Channel Tunnel embarkation points. This estimate is used at both the
regional level and distributed as adégear average at the intermediate level (NMGo)
where the 006 stands for out . NMGo area

adjustment made to account for smaller numbers ofnogitants in the IPJONS
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2007¢9. The NMGo areas are larger and there are fewer ithdaV areas in order to
provide a robust sample size. A Poisson regression model is used ADtHevel, with

the IPS direct estimate as the response variable. The specification differs from the
immigration model in the selection of variables, sincenttludes the immigration
estimate from the previous year, housing type and housing tenure. Unlike the
immigration model, the covariates are fixed for each €S 2010h. When the
revised immigration estimate was batkted to mieR006 using the new methodology,

the immigration input to the emigration Poisson model was revised accordingly, so
while the method for estimating emigration did not change, some estimat@é3Nizl
20139

In all estimates of immigration and emigratioetalled data on asylum seekers
is provided by the Home Office and are incorporated intcsthmational data While
the data are considered high quality, tiied 0 n ot c or rtethestanddrd di r €
ONS definition of along er m i nt er n adnd asrswch, broad gssumptions
are made by ONS about the proportion of asylum seeker applicants that actually
correspond to the ONS definitigqf©NS 2011d, p.R2 Asylum seekers are distributed

subnationdl based on the Home Office data.

34.2 NRS estimation methods

The approach of the NRS subnatioal immigrationestimationmakes use of SNHSCR
and SCHI dataThe Scottish share die IPS(which is adjusted for migrant and visitor
switchers by ONS)s initially derived using the LFSin the same way as the IPS
allocation to former GORs is specified in the ONS methodoladngh is seen to give a
more accuratsubnationatistribution of international migrants than the intention based
counts specified in the IP&ROS 2010 The Scottish allocation dPS migrantds

then distributed to Scottish Health Board areas ususgseas inflows recorded on the
SNHSCR which includes an age/sex distribution. The distribution of immigrants to
LADs is based on the Scottish Community Health Index (SCHI) which records the
postcode b patients registering with a GP in Scotland. The SCHI gives the date of
registration and a record where an individual previously resided overseas is @amrked
an international immigratiorand classed as an intational migrant movg GROS
2003. The HI is constrained to the SNHSCR in much the same way as it is for
internal migration. One problem with the estimate is that the reporting of a previous
address that was overseas on the SCHI is not mand@&&®®S 2003 Prior to the
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mid-2007 immigration estimates, the IPS estimate was used directly without the LFS

distribution or adjustment for migrant or visitor switch@@R0S 2010p

The majority of asylum seekers are assumed to be supported by the National
Asylum Support Service (NASS) and as such are removed frer®$ control totals
and distributed to Glasgow, which is the only Scotti8tD in contact with the United
Kingdom Border Agency (UKBA)A small proportion of nofiNASS asylum seekers
are distributed around the rest of Scotland and all asylum seekdoudistrs are based
on the fiveyear age bands provided by ONSROS 2010p

Methodology @cumentationdetailing the subnationalemigration estimates
produced forthe subnationallevel in Scotland is fairly spars&ROS (2010b, p.)1
report thatil i nt e r n a-migrants avere adeated using a combination of-in
migrants to Scotland from overseas and migrants leaving Scotland for the rest of the
U K davhile GROS (2010a, p)XTeport that the distributiois calculatedi u si ng aver &
proportions based on international inflows, outflows to the rest of the UK and the
popul ation size o{GR@Sa2010a, p)kThé PopulatiBro @and d o
Migration Statistics Committee (2013, pshed some light on this method, suggesting
that the total number of people whemave Scotland for overseas are distributed to HB
level based on three criteria: (i) the number ofmidrations to the rest of the UK from
a HB (which is reported by the receiving country); (ii) the number -@higrations to
that HB from overseas (asp@ted using the immigration methodology); and the size of
the general population of the HB (taken from the MYR)e age/sex distributionf
emigrantss based on the distribution ofigrants to the rest of the UK, derived from the
SNHSCRand SCHI(GROS 2010a, p)1Prior to mid2007, deregistration of migrants
was used to measure emigration, the coverage of which was po&opléation and
Migration Statistics Committee (20L8eport that only around one third of outflow
recorded in the IPS was captured byregistration. The statistics reported prior to mid
2007 al so aadjcuutdran tanf oor unme &R@Sr (206 mi gr
report is an adjustment &2,600 migrants in 2001/02 to 2002/03 athgb00 migrants in
2004/05 at the national level, which is the result of under estimaf young adult
males to overseas destinations identified when comparing the0aRIMYE and 2001

Census results.

As was reported in &tion 3.4.2 dealing with subnational crossborder

migration estimates, prior to m@D0O7 moves to and from LADs in Scotland which
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were not internal migration were reported as having an origin or destination that was
Ooutside of Scotland. 86 There is hbaway
figure to international and croé®rder migrants, so an estimation scheme is

incorporated into the methodology presented in the next chapter which takes this into

account.

3.4.3 NISRA estimation methods

The methodology in Northern Ireland differ®in the rest of the UK as NISRA does

not make use of data from the IPS. Instddealth Cardregistration data are used in
both the immigration and emigration estimates. Inckge of immigration, registration

with a family doctor requires an internatibmamigrant to apply for adealthCard, at
which point he/she must provide information about age, place of residence and time of
stay to the Business Services Organisation of Health and Social€a@&BSO) in
Northern IrelandNISRA 201Q. HealthCard data are seen as the most comprehensive
source withwhich to estimate international migration and give an indication of intention
to stay for a period of time, as registration is only possible for a migrant staying for over
three months. To account for undengistration by young males, the age distribuii®
adjusted to be similar to that of young female migrants in the estiiNi®RA 2010.

Health Cardregistrations give detail allowing estimates to be disaggregated by age and

SexX.

Emigrationestimates are also derived from the he@ldind registrationsystem
which records deegistrations with a faily doctor, and which are adjusted for young
males in a similar way to the immigration estimates. The reported total is scaled up by
67 per cent, based on the assumption that only three in five peerdgisier with their
GP (NISRA 2013, as deregistration is not mandatory and there is little incentive to do
so. The deegistration data are combined with the data from the Central Statistics
Office (CSO) Irish Quarterly National Household Survey which provides an estimate of
numbers movingrom Northern Ireland to the Republic of Ireland. Immigration and
emigration by asylum seekers in Northern Ireland is distribstehationdl/ using the
same Home Office data used by ONS for England and W{@NS 20114l

34.4 ONS revisions to migrant distribution methodologyin 2007 and 2010
As was mentioned at the beginning of this chapter, the methods used and data produced

for migration esmates regularly change. Some revisions carried out during the time
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series by ONS are summarised in this-sabtion, while in the next stgection some

potential improvements proposed by NRS and NISRA are summarised.

In 2007, ONS implemented a series miprovements which primarily impacted
on the distribution of international migration to thgbnational level. It was the 2007
improvements that saw the introduction of the new migrant geography (NMG) to
replace the increasingly obsolete Health Authoréggraphy which perpetuatedid a c k
of consistency across the country in terms of the numbers of LAs within each
i nter medi at (©NSg2808,9ptR dnpployements to the visitor and migrant
switcher methodology (as discussed above) utilised new questions in the IPS, first asked
in 2004 to improve on the assumptions made by ONS for visitor/switcher numbers. The
questions asked previous migrafitsv h eon lasyarrived in(left) the UK, how long did
you intend to stagaway)f o r(ONS 2007c, p.p

Two further improvements were implemented, utilising administrative and other
data sources. First, the LFS was idtoed to improve the regional distribution of
migrants. This apportioned the IPS estimate to the GOR for England, and nationally to
Scotland and Wales. The new method replaced distributions based on the IPS with the
LFS threeyear average distribution ofigrants, as analysis from the 2001 Census and
the LFS showed th&it he di stri bution of where migr
di ffers from where migrants (ONE 200, pRhey |
Second, a Poisson regression model was introduced to improve emigration estimates at
the LAD level. The model utilised variables available at th&D level such as
population density, prior year immigration figures and variables derived from the 2001
Census(ONS 20079 The 2007 improvements were applied to produce revised
estimates for mi2002 to mid2005 and for the mi@2006 estimate going forward. The
cumulative effect of the revised estimate betweed2énd 2005 was a net increase of
28,600 migrants in England and Wa{@NS 2007a

In 2010, a series of improvements were introduced as part of the MSIP
programme, most oivhich are currently used BQNS for the estimation of migration
and consequently have been explained already. These constituted an enhanced
methodology for the estimation of international immigration, an ldlastment and an
improved estimate of internal migration bdents (ceered in detail in 8ction3.3.2.
The improved methodology for immigration introduced a Poisson regression model for

distribution of immigrants to the.AD level which replaced the use of migrant
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distribution reported in the 2001 Census. The Poisson nfimdemigration was refined

to include a set of fixed covariates, rather than use different variables eadl®M&ar

20100. Finally, 2010 sawONS adopt the NISRA estimates for ingration to and
emigration from Northern Ireland, derived frddealth Cardregistrations. By using the

Health Carddata already utilised by NISRA, ONS soughtft®e@ nsur e consi st
us e (ONS 2010d, p.L ONS also ceased to usstimates of migration between the

UK and the Republic of Ireland derived from the Irish Central Statistical Office,
replacing this with an IPS estimgt@NS 20104l

The revised methodology was used to update population estimates frem mid
2002 to mid2008,and from 2009 onwards. The cumulative impact of the changes to
the international estimation methodology between 2002 and 2008 was an increase of
8,300 migrants for England and Wa(&NS 2010}.

345 NRS and NISRAuse of administrative sources

The Interdepartmental Task Force on Migration has also been the catalyst for
investigation of ways to improve migration statistics at NRS and NISRA. Since 2006,
NISRA has undertaken research to informa ithternational migration statistics that they
produce, drawing on estimates available from a number of different administrative
sources. NISRA2010 identifies the sources that can be used to measurgreups of

the migrant population, both immigrants and emigrants.

In terms of immigrationworkers are identified through thedfker Registration
Scheme the number of NINo registrations and number of applications to work through
the Home Office points based system. School children can be identified through the
Annual School Census, which iddies a child whose first language is not English and
from 2009 asked schools how many children joined the system whose previous address
was outside Northern Ireland. NISRA has also assessed HESA data in order to identify
higher education students who wedomiciled outside of Northern Ireland. Births to
mothers and fathers from outside of Northern Ireland can be counted when a new birth
is registered, since the mother and father are required to give their country of birth.
Northern Ireland Housing Execué data are used to record migrant worker households
applying for social housing and finally, the LFS is able to indicate the age structure of
the foreignrborn population.
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A number of sources that measure -gubups of theemigrantpopulation are
also idetified by NISRA (2010). NINos issued to foreign nationals that fall out of use
can be used as a proxy for worker emigration while school children emigrating are
measured through the Annual School Census, which asks schools fomthemb er o f
pupils who lef Nor t hern 1 r el an NISRA2010hpe3R pimal,vi ou s
specific outmigration questions have been included in the Continuous Household
Survey and Omnibus Survey. The immigration and emigration estimates derived from
administrative data only cover sgiboups ofthe migrant population and are used to
quality assure officially published international migration estimates which are based on

data fromHealth Cardegistrations ande-registrations (discussed ire&ion 3.2.3).

NRS has also undertaken work addresdimg potential of using HESA and
Annual School Census data to improve the distribution of L{Mueller 201).
However, to date, no revised estimates have been used or published. Rolfe and Metcalf
(2009 provide a comprehensive review of @asources available to the Scottish
Government. Similar to the work carried out by NISRA, tlycusssources that
identify migrant subgroups highlighting thatit he data i s not r e
migrants, but of asef el ect i ng s u lpsld.tRolfe &nd khatcglfr (2009) s o
suggesthe use of the Annual School Census and HESA data to measure immigrants in
education and the use of the LFS and WRS for those in employment. They also suggest
that the recently launched Integrated Household Survey (t48)d increase the

availability of data on migrants, but will be limited by its sample size.

3.5 Concepts and data coverage

So far this chapter has identified the key datasets used in the estimation of migration at
the subnationallevel in the UK: (S)NHSCR, PRDS, SCHI and NICHI (Health Card
data). his section looks at the temporal structure of the data and the populations
covered in each of the dataséfkis chapter has also discussed the IPS data used in the
estimation and digtution of international migrants, but as these data are a sample
which is distributed to theubnationalevel by NHS data sources they are excluded
from this assessment. The international estimates produced by the NSAs are used
directly in the analysis rpsented in this thesis, whereas the various NHS sources

identified in this chapter are all used in the estimation procedure outlined in Chapter 4
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and in Chapter 7, so an understanding of their coverage and structure is important for

this estimation procss

Rees and Willeken§1986 emphasise the distinction between movement and
transitiondatg wherethe former reports a movement whesmeone changes location,
which can occur multiple times within any given time period, whereas a transition is
only recorded if a persondés Itoandahteiernof at
the time periodtgu) is different. This distinction iglustrated in Figure8.6 andshows
a variety of lifelines of individuals relating sotimeperiod fromt to t+u. In the context
of migration,it is possible tanterpret the various lifelines hypothetically by referring to
migration data reported in tHéK census which records only those individuals who
were in a state of existence at the time of the ceftsu$ and one year previous(y) at
a different place of usual residence. Thus, individaaks and fivevould be recorded as
0t ransi t i asnheymierg ma riffesedt region at timand t+u. Individual
threemigrated(moved)twice but the second move was a return to the initial region and
therefore neither move would be recorded in the census. Individual 2 would not be
counted as a migrargither, because he/she died after moving from one region to
another and wdd not be present on census enumeration d@ays, whilst the census
would have counted two migrant transitions in the period, in fact seven moves took
place, one of which (indivigal 2) was subsequently followed by death and two were
associated with someone born during the pertbd moved to another region and then

returnedo their region of birti{individual 8).

From the data specification outlined in previous sectionspfathese eight
movementscould have been captured lige NHSCR or SNHSCR as the register is
continuous (downloaded weekly by the NSApJpvided the individual reported a
changeof address tdis/her GPevery time they moved. All of these moves would not
havebeen captured in the PRDS, SCHI or NICHiever,as the method of comparing
a yearly download of the register at time pettied and time period is only capable of
identifying transitions: only migrants one and five shown in Figure 3.6 would be picked
up. This is the reason that the PRDS in England and Wales and the SCHI in Scotland
are constrained to the NHSCR/SNHSCR respectively.
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~ Transitions from the initial state to the final state and movements of indi-
viduals represented by lifelines (=). Y, a move from region i to region j; A, a move
from region j to region i; <, a birth; ¢, a death.

Figure3.6: A time-space diagram showing migrant lifelines, from Raes Willekens
(1986)

Coverage in terms of temporal intervals and -papulations varies between the
datasets, and thedédferences are shown in TalBel and Table8.2. In both tables, the
attributes of the administrative data are presented alongsise dfiche census. This is
because the census provides excellent coverage of the population at a specific time point
and will be used in the estimation presented later in the thesis. Faldemmarises the
temporal coverage of the datasets: the censuside® transition data which is
comparable to PRDS, CHI artdealth Carddata. However, the temporal time frame
differs by three months, as the census enumeration year refers to the 12 month period
prior to census date in April or March, whereas the-yeidr NHS data are reported at

the end of June. PRDS, CHI ahtkalth Carddata are produced as yearly outputs so
changes between one year and the next are counted as migrant transitions. The NHSCR
is available weekly, but a rolling migear dataset (consistemtith the midyear
download of the other NHS data) is used to provide totals with which the PRDS and

CHI are adjusted to agree.
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Table3.1: Temporal intervals reported in the available data

g Temporal Intervals
_é A é N g
[e] ] =}
S 35 £ 5 s & £ EEEEE S E 55
Country Data Source Geography ¥ & =2 O =2 =2 =2 =2 =2 =2 =2 =2 =2 & = 0O =
Census LAD T
England NHSCR FHSA M S\WW&WNWNN&M\
PRDS LAD T N A o X A e X A e
C LAD T
g S
PRDS LAD T AR A A A 7
Scotland Sﬁgsé]; I:gg I\-5| A A N O A Y N
o ol )
C LAD T
Nloﬂhecr'n Nfig%; National M ‘\\\\‘>>\>>\>>Y>‘Q>>‘>>\>>\>>\m
reland  yeaith Card (CHI) LAD T L AL A A A T

= Transitions based on a retrospective question M = Movement data
/77 7|= Transitions based on comparison of residential locations T = Transition data
ey = Moves based on a continuous register

Table 3.2 shows that the UK census of population provides migration information for

all subpopulations in the one year prior to the census enumeration date (shown in Table
3.1). These populations are identifiable and -sattable within the dataAll NHS
sourcesundercount young adults, particularly young men, who are often slow to re
register with a GP when they move (ONS, 2010b). For similar reasons, students are
undercounted, or counted at their parehs a d d r e s-time.dAs specifigdn t er m
Section3, anestimated student adjustment is made by ONS in England and Wales using
statistics fromHESA, which gives a term time and parental address for all Students in
higher educatioywith a similar adjustment being made by NISRA for Northern Ireland.

Unlike the @ensus, which aims to enumerate all populationgobips, other
migrant populations such as people in prison and in the armed forces are not, as a
whole, includedin the NHS datasets. These populations are treated separately in the
subnational mid-year efimates produced by the NSAs. The exception is that armed
forces migrants are included in the tolf
for Scotland, which is an inconsistency dealt with in the estimation methodology

presented in the next chapter
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Table3.2: The subpopulations counted in each data source

Sub-Populations
NHS Patients
Armed Prison
Migration Infant Young All [Forces | Population Students | Others
Data Source | migrants adult others
Cen;;y S E U Yes Yes Yes Yes Yes
(Transitions)
NHSCR
(Events) Yes U Yes U
PRP.S Yes u Yes | Yes™ u*
(Transitions)
CHI
(Transitions) ves v ves v
Health. Qard Yes U Yes u*
(Transitions)
E = Estimate *Adjustment made for sub-population
U = Undercount **Included with all moves to/from the rest of the UK

One final concept needs to be addressed before the data can be used for estimation or

anal ysi s: t he way t ha withirathepnagrasoo maiasetna g e
demography, the Lexis Diagrafhexis 1875, cited in Keilding 1990is used widely to
understand the age structure of a range of events that occur to people, such as birth,
death and migration. In a migration conteRtykeWilliams and Blake (20Q3levise a
version of the Lexis Diagram which is used as the basis of the representation shown in
Figure 3.7.

The two grids presented in Figure 3.7 depict age on the veakitsahnd time on
the horizontal axis. The left hand grid shows data which reports period cohort; while the
right hand grid shows how period ages are reportethdrcontext of data used this
thesis, period cohort is reported in the census, while pageds reported in all NHS
data sources (where they are use@roduce migration estimatés the MYES). In the
period cohort diagram, the orange block is all migrants aged x+1 sampled at time point
t+1 whase location was different at tipeevious timeperiod(t). The same is true of the
blue block, which reports all migrants aged x+3 who moved between time point t+1 and
t+2. In the period age grid, the orange block represents anyone who moved during the
time period t to t+1 who was aged x+1 to x+2. Tihge block represents anyone who

moves between time period t+1 and t+2 who was aged between x+2 arigbit+8ata
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representations are transition data (whe

time points) but the way that age is reported differs

Period Cohort Period Age

x+4 x+4
x+3 X+3 —
% X+2 — X+2
X+1 X+1
X X
t t+1 t+2 t t+1 t+2
Time period Time period

Figure3.7: An illustration of how migrants are treated in data organised by period
cohort and period age

36 Conclusion

This chapterhas summarised the methodology and data that each of the NSAghese in
production of internalcrossborderand international migration. It has drawn on the
large number of methodology documents produced by the NSAs and on evidence
collected during meetings and correspondence with statisticians. The final section of
this chapter has highlighted the coverage aadcepts used in the data sources. Overall,
this chapter has served to highlight the complex and disjointed nature of migration
statistics in the UK which are created by three different NSAs and draw from a number
of different data sources, and has emdeakthat the methodology and data availability

for migration statistics is constantly evolving. In this context, the next chapter pulls
together the available data, and provides details of the methodology used to fill in the

data gaps that exist to produa comprehensive and cohesive UK database of migration.
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Chapter 4

Producing a UK wide migration database

After setting out with the explicit aim at the beginning of this thesis to produce a
comprehensive migration database for the UK and having establish&atiénms of the
existing migration data that are available for the UK in the previous chapter, this chapter
details the methodology used to bring together the best available data and the iterative

proportional fitting (IPFyoutineused to estimate the gapsan interaction matrix.

The chapter is split into foyrarts.First, the migration data thateavailable for
the UK will be outlinedwithin the framework of an interaction matrisecondthe IPF
routine used to estimate the missing data will beothiced third, the inconsistencies
which are a barrier to the effective function of the routine will be dealt aiitti fourth
an assessment of the method will be undertakée. estimates produced using the
methods detailed in this chapter are interredah the subsequent two chapters before
they are disaggregated by age and sex in Chapter 7.

4.1 The interaction matrix of data availability

Figure4.1 is a schematiciagram of Ukwide subnationamigration which represents

the data thaareavailable fo estimating a completiéme serieslatabase omid-year to
mid-year flows for all 406 LADs between 2001/02 and 2010/11. Rows of the matrix
represent origins and columns are destinations, so the leading diagonal cells
(represented as AW, BW, CW and DW imgére 4.1) contain migrations within each
LAD for any year in the time serie$hese within LAD migration flows are excluded
from this thesis, given that the focus, as outlined in Chapter 2, is on analysing the
redistribution of migrants across the UK and their effect on local authority populations.
The data layout presented in Figu¥é4 is known as an interaction matrix because it
represents the relationship between origins and destinaf&ikvell and Harland
2010. This scheratic is effectively a detailed account of the origstination (OD)

face of the three faddigration Cube which was presented in Chapter 2 (Figure 2.2) to
conceptualise the data required for compiling a complete UK migration dafaset.
notation used whin the interaction matrix is described in the following paragraphs and
a full listing can be found in Appendix 1.
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Figure4.1l: An interaction matrix of the relationship between origins and destinations

the UK, highlighting what data is available
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The cells of the matrix labelled A, B, C and D represent-bfdd flows within each
country, shaded according to availability. Cells shaded green denote that data are
available, while orange denotes thatadare not available.hE first data gap can be
seen for flows between LADs in Northern Ireland (labelled D). The cells labelled E to P
represent the intdtAD flows which cross the borders of the UK countries, and it is
clear that the majority of theseW data are missing. The stdital margins labelled AO

to PO represent total flows out of a LAD to each component part of the matrix, while
the subtotal margins labelled AD t&D represent the total flowtma LAD from that
component part of the matri$o, for exampleAO represents all migrants moving out

of a given LADIn Englandto the rest of England, while FD represents all migrants
moving from a given LAD in England to somewhere in Wal@®y shading represents
data that are available, while blsleading denotes that the data are missing for that sub

section.

The PRDS provides datan the flow ofmoves from ajiven LAD in England to
somewhere in Scotland (GO) or Northern Ireland (HO) but not which LAD they moved
to. Similarly, a move from somewheie Scotlandto a LAD in England(KD) is
recordedas isa move from somewhere in Northern Ireland (NO) to a LAD in England,
but thespecificLAD of origin is not recorded in either casehe same is true for LADs
in Wales, but not for Scotland or Northelmeland, where the sdiotal margins are
shaded blue to represehe absencef data.Neither the CHI in Scotland nor théealth
Cardregistration system in Northern Ireland report the country of origin for a move
from the rest of the UK.

The second to & margiral total of the matrix represents a move to (labelled Q
to T) or from (labelled U to Xa LAD from/to somewhere else in the UK, which
excludes a move withithat particularcountry. No origin information for an incoming
migrant to a given LAD is reported here, nor is the destination of an outgoing migrant,
except that they have crossed the border to somewhere else in the, . ample,
a move to a given LAD in Northerneland from somewhere in the UK, (not including
elsewhere in Northern Ireland) is represented by the cells labellderd&, grey shading
represents data that are available, while red shading denotes that data are missing for
one or more years of the tarseriesScotland represents the only inconsistency for this

subtotal, where between 2001/02 and03®6, the rest of UK flow was aggregated



67

with overseas migrants to form an o6out si
and GG for outflow).

The ouside margial total of the interaction matrix represents moves to and
from overseas (AA to DD for immigration, EE to HH for emigrati@md again is
shaded grey or red depending on the data that are avaigdale from the problem of
an aggregate figurkeing reported in Scotland between 2001/02 and 2005/06, all data
are available and taken directly from the NSA estimaldse final cells of the matrix
represent the sulotal and total for eacltomponentpart of the matrix (these are
labelled with the nmation of the suisection of the matrix followed by a Tgo for
example, RT represents all moves from somewhere in the UK (but outside of Wales) to
Wales. These sutotals are important in maintaining consistency in the interaction

matrix as they provid&he control to which all parts of the sabction must sum.

The data available in the interaction matrix dictates thpsstequired for
estimating a UKwide matrix, and these steps will be specified in the following sections
of the chapter, but stated iy are:

1. Fill in the known sections of the interaction matrix with the best data

available

2. Ensure consistent margihtotalsare available for estimatipand

3. Estimate the missing sect®wicells)of the interaction matrix using IPF

4.2  Filling the known parts of the interaction matrix

Where interaction datare available and of sufficient qualitghey can be included in

the relevant sulgection of the interaction matrix. These data are discussed in detail in
the previous chapter, so this section sereesighlight where the data fit io the
overall schemizc diagramshown in Figure4.1l. First, internal intranational data are
available in both England and Wales (A and B in Figuterespectively), taken directly

from the PRDS. From the same dataset, the flows between LADs that cross the
boundary of England and Wales are available, meaning that the firstbomoles sub
sections of the matrix can be filled with PRDS data (E and Fgare 4.1). Moves
between LADs within Scotland (stgection C in Figurd.l) can be taken directly from

the CHI.

Moves to and from overseas are generally available from the NSAs, immigration

being represented by cells labelled AA to DD and emigratigmesented by cells
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labelled EE to HH. Moves to and from LADs England and Wales are taken from the
best available data produced as part of ghknational immigration and emigration
estimates by ONS, while moves to and from Scotland and Northern Ir@tandken

from the data produced by NRS and NISRA respectively. The exception is for Scotland
between 2001/02 and 2005/06, where the cellsllé&ab€C and GG are estimated in
Section 4.6 of this chaptefhe control totals for each sigection (those lalied T) are
available from the NHSCR and serve an important role in the checking and balancing of
the rest of the matrix.

43 Estimating the missing sections of thenteraction matrix

Figure 4.1 shows that two main parts of the matrix need to be estimhtst:the

internal intranational flows within Northern Irelandlabelled D) and secondthe

majority of internal crossborder flows excluding those between England and Wales
(labelled G to P)In both cases, anerative proportionalfitting (IPF) rodine can be
implemented. IPF is a procedure used to adjust flows in contingency tables so that they
are consistent with a set of known marginal constraints. A comprehensive study of the
hi story and applicat i or201d)fwhdemphasises thatiPB v i d
is a procedureemployed across a wide range of disciplines from engineering and
transport studies to economics and demography. It is known by different names across
the fielddgratagrd 6&nds $ Mhuransporsasod engireeringp d
ORR26 i n e(@®aman, 998, p.7; Wong, 1992340)and o6ér akingd ir
(Cohen 2008 Johnston and Patt(@993, p.321lconcludethai ot her appl i cat
employed different termihogy using the IPF procedure as a means to a well known
mat hemati cal goal , t h &ntropy maximisason tretaiosnthe o f |
structure of the original contingency table, so the estimated values aientleex i mu m
likelihood estimates of the umlo wn v (@dhnstersaad Pattie 1993, p.317

In its classical application (as identified by Bishefpal. 1974 Denteneer and
Verbeekl985Zal ogni k 2011) , | P From t@o oursoeedsoutces. C O N
The first use of IPF in its classical sense, to fit a contingency table using marginal
constraints, is widely accredited to Deming and Steh840 who use the procedure
on US census data to extrapelat 5% sample to the entire population. The initial
contingency table is often called the 0s

adjust estimates in subsequent iteratiobiensideration of choosing a starting seed
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value is discussed in Seatiat.9. The IPF procedure (after WorltP92 p.340341,

Norman 1999, p.4) can be expressed as:

0 — 0 (4.1)

0 ——— U (4.2)

whered is the contingency table component in roand columrj at iterationk. 0

is the row total while) is the column total. Equationd.{) and 4.2) are employed

iteratively and will theomwhereecal ly stop |
60 43)
o 0 (4.4)

In practice, the processtops at a prdefined threshold errothére set aD.001) or
maximum number of iterations (here set at 50), whicheweres first. For the 2001/02
estimate, the 2001 Census provides the initial seed valugés fowhich are then

updated using the marginal in/out totals for the year being estimated. For all years from
2002/ 03 onwards, the seed value is the p
is the seed for the 2002/03 estimate). The IPF procedurdapeaduce the results was
operationalised in the statistical software package R, using code developed by

Hunsinger(2008 for the Alaska Department of Labour and Workforce Development.

4.4  Using iterative proportional fitting to estimate missingmigration data

IPF is a technique that has been widely used in the estimation of missing or incomplete
migration dataalthough it isinteresting to note that thegpproach has not been applied

in published research on migratiéor severalyears Previousstudies have used the
technique to improve existing origatestination migration flows, to produce estimates

for a particular time period where only marginal totals are known and to derive
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migration estimates for stdections of the population. To improvan existing
distribution of origindestination flows, Chiltorand Poet (1972) use total in and out
marginal totals to estimate the small flows masked by disclosure control for the 33
LADs of London in the 1966ample Census(which sampled 10 per cent of the
population) Similarly, Rees and Duk®Villiams (1997 addres supprssion of origin
destination flows in the 1991 Census Special Migration Statistics, estimating the
missing migration flows using marginal totals and producing a set of revised tables

where all subtotals were consistent.

A starting distribution of origirdestination flows can be updated and
constrained to marginal totals for a given time period to produces@mes estimates,
as summarised bjRogerset al. (2003, fithe hstorical interaction pattern can be
imposed onto the current migration patterns using, for example, iteratiyegional
fitti ndlar(1B83)Fih esponse to the limitation of many third world countries
only reporting lifetime origirdestination migration, uses this distribution in India and
Korea to produce one, five and ten year migration matrices basbé amarginal totals
available. Nair (1985, p.140) concludes that IPF is an approach suife@ ®t i mat i r
i ntercensal (usual | y Schaemand/ Jerssors (2003nuse IPFatd o r
produce new estimates of interregional migration in the USdmat 1980 and 1990 as a
benchmark against which to test their own estimation methodolagygreate origin
destination estimates for sglections of the population, Willekeesal. (1981) use IPF
to derive agespecific flowsfrom an aggregate matrix, as does Willekens (1982). Van
Imhoff et al. (1997) use IPF to produce a simplified mudiimensional migration

dataset by age and sex.

So whyuselIPF to estimate the missing flows ihe interaction matrixather
than other estimation method@sChapter 2 provides a literature review of studies that
estimate migration data using a wide range of mathematical and statistical methods, but
it can be argued thahe selection of an appropriate technique for estimating missing
data n origildesti nati on mi grati on tabl es IS
preference Raymer (2007) highlights that ldmear models, gravity models, spatial
interaction modelsentropy and information maximisation models and IPF are all
approaches thatakwe been successfully applied to the estimation of place to place

migration flows. He cites Willekens (1983; 1980) as two papers that demonstrate the
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0 e gui v adtiweenaleostidese techniques The framework is the same, the intention

is the same and wWh the processing is different, the outputs are remarkably similar.

A useful case study in the selection of an appropriate method for estimating
migration tables is provided by van Imheff al. (1997), who favour IPF for modelling
a multidimensional agséx/origin and age/sex/destination dataset for Europe due to the
efficiency of the technique when producing a range of model results. They first
attempted to use a ldmear approach in the software package GLIM, but found that to
runamodelit akeal sdvoer s, which is prohibitiyv
(p.139). When comparing methods, they conclude fhaithe f i tted r at e:s
GLIM are the sameA | s o, | PF i s onirarthe estimatioe gresentadsin e r o
this thesis IPF is a suitablepproach as consistent marginal totzs be derivedor
both of the missing sections of the interaction matmgsborder and within Northern
Ireland migratiof and the speedt which the routine can be implementedtire R
Project for Statistical Coputing (widely known as Rallows for efficient estimation
for every yeaacross the decad&he necessary tools with which to implement the IPF
procedure are available, R is a free package and is flexible and powerful enough for the
algorithm to be applied to the specific data requirements of the interaction riiaisx.
speed and ease of implemation also allows for the estimation of
origin/destinatiordge/sexarrays in Chapter 7, allowing for a consistent methodology to
be applied throughout this thesi§inally, the output from this thesis will be
reproducible using the data inputs and R atgm, and can be replicated in the future
when additional data (such as the Special Migration Statistics from the 2011 Census)

become available.

4.5 Using iterative proportional fitting to estimate migration in Northern

Ireland

Having outlined the IPF poedure, this section shows how it is applied in the case of
Northern Ireland to produce a set of estimated migration flows for all years from
2001/02 to 2010/11. Figurd.2 provides an illustration of the routine on some
hypothetical data in any given ye@drere shown as year x). The first matrix, labelled
0Startao, shows how the 2001 Census intei
Ireland is inserted as the seed or start value to be adjusted (or the prior year table for

estimates from 2002/03 onward3he diagonal cells which represent moves within the



LAD are set to zero. The orange cells represent the column total for each LAD (the total
inflow from the rest of Northern Ireland to that LAD) while the green cells represent the

row total for each LAD(total outflow to the rest of Northern Ireland). the column and
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row totals are available for every year from 2001/02 to 2010/11 frorri¢iaéth Card

data supplied by NISRA, so the 2001 Census distribifooisubsequent tablef LAD
to LAD flows is adjustd to agree with the total inflow and @aw for each LAD in

that year.

Starting at iteration 1, the seed is first adjusted to agree with the row total, then

with the column total. The same happens at iteration 2, and in this example the routine

finishesat iteration 3 where the seed values have been adjusted to sum to both the row

and col umn t ot

estimation of migration in Northern Ireland converges at between 12 and 16 iterations.

al s.

The

matrix for a given year. In reality, the full 26 by 26 interaction matrix used in the

Start Iteration 1
LAD1 LAD2 LAD.. LAD 26 LAD1 LAD2 LAD.. LAD26
LAD 1 0 6 3 10 20 LAD1 | 0.00 6.32 3.16 10.53
LAD 2 8 0 10 6 30 LAD2 | 10.00 0.00 12.50 7.50
LAD ... 9 10 0 9 35 LAD .. | 11.25 1250 0.00 11.25
LAD 26 3 14 8 0 15 LAD26| 1.80 840 480 0.00
35 25 10 30 23.05 27.22 20.46 29.28
Iteration 2
Legend LAD1 LAD2 LAD.. LAD26
Column total in year x LAD1 | 000 640 170 11.90
Row total in year x LAD2 | 15.72 0.00 633 7.96
[ Jseed (from 2001 Census) LAD .. | 1491 1002 000 10.06
LAD26| 3.20 9.05 2.75 0.00
33.84 25.47 10.78 29.92
Iteration 3
LAD1 LAD2 LAD.. LAD 26
LAD1 | 0.00 6.35 1.60 12.06
LAD2 | 16.20 0.00 585 7.95
LAD .. | 15.27 9.74 0.00 9.99
LAD 26| 3.37 9.03 2.60 0.00
34.84 25.12 10.04 30
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Figure4.2: An illustration of the IPF routine for Northern Ireland (using hypothetical
data)

It should be noted that tHEF routine used here produces a final output that contains

deci mal number

S,

rat her

t han

6whol

e o

m

completeness and transparency in the data, as the output is an estimate which can easily

be rounded to produce a whalamber if desired. The anabgspresented in this thesis

keep all estimated values in their original unrounded format.
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46 Estimating the missing margins for Scotland between 2001/02 and
2005/06

In order to implement IPF, consistent marginal totals ageired for the algorithm to
converge. As seen in the previous section, when estimating flows for Northern Ireland
this is not a problem, but when estimating rest of UK flows, missing data for Scotland
present a challenge for which a solution must be soddhtest of UK marginal totals

(Q to T for the column totals, U to X for the row totals) need to be completedtibut p

to 2006/07, the only reportedarginal totabttheL AD s cal e for Scotl a
of Scotl andd fi gur eflows bhatwedn the rest ofr tipeoUKaahde s
overseas (cells labelled S and CC for inflow, W and GG for outflow in Figtije The
methodology was changed by NRS in 2006/07 to enable the flow to be split, but the
aggregate flows cannot be redistributed retrobpelg (Clarke 2012, perscomm).

This means that the split between overseas and rest of UK migration included in the
6outside of Scotland6 total needs to be

Two datasets are available for this estimation. First, for every gdatal flow
to/from the rest of the UKs availablefor each HA, which is taken from ttf@NHSCR
and will be used to control the estimates of #dw/from the rest of the UK for each
LAD (which nest within HAs). Second, the LAD level proportion thé outside of
Scotland flow is derived from post 2006/07 CHI data (for which the UK{/dhsplit is
reported), and these proportions are used to distributSNRKSCR data to LAD$rom
2001/02to 2005/06. As the CHI migration totals are controlled toSNeISCR, ug of
this method ensures that the total proportion of migration allocated to the rest of the UK
at HA levelis accurate in each yearthe challenge lies in ensuring that the distribution
to LADs is correct. Figuret.3a provides an illustration of the method: a total flow
to/from the rest of the UK is reported in tBRHSCR for the GrampiaHA (outlined in
blue) which then needs to be allocated to the LADs within tHAt (Moray,
Aberdeenshire and Aberdeen) using the agerdistributiortaken from the2006/07to
2010/11data The same is true for all 13 HAs in Scotland.

Some LADs in thaVestof Scotland do not nest perfectly within HA boundartgégure
4.3b shows how the LADs of West Dunbartonshire, North Lanarkshire South
Lanarkshire are each split between two HA areas, while a small portion of East
Renfrewshire crosses the boundary of a third HA. The solution to this problem is to
aggregate the total of the three HAs, in effect creating one largeaddstraining all
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nine LADs. This aggregate area still provides a control total for flows to and from the

rest of the UK as it is the sum of all three HA level moves.

Ly

wadt "

Legend Legend

rampian Health Board
[ L20s within HA

a: An illustration of the data available ai p: Scottish LADs that are spltaoss two
HA and LAD scale in Scotland. or more HAs

Figure4.3: Data availability and distribution of Scottish LADs across health board areas

The CHI for 2006/07 to 2010/11 (and the census distributionrfbow) for each LAD
provide a proportiorof the total outside of Scotland migration which can be attributed
to UK flows. This proportion is used to split the outside of Scotland figure quoted for
2001/02 to 2005/06 between UK and AdK migrationin eachLAD.

This method assumes that an average 2006/07 to 2010/11 UWKion
distribution can be applied to 2001/02 to 2005/06 data, which is supported by £@jure
which shows that the UK proportion of the flow is fairly consistent across all LADs
between 20007 and 2010/11, both for inflow (Figuseda) and for outflow (Figure
4.4p). With five years of data available (six for inflow, including the census), removing
the top and bottom value for each LAD reduces the standard deviation of the dataset

considerabl.
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Figure4.4: The proportion of total outside of Scotland flow that is attributed to UK
inflow (4a) and outflow (4b) for 2001 and 207 t02010/11.

The second step is to take the newly estimated UK flow for 2001/02 to 2005/06
and calculate the proportion of migration that each LAD sends or receives within the
HA which it is locatedn. Finally, the NHSCR total flow to/from the rest of the UK is
distributed to the LAD based on its share of flow within the HA. This effectively
providesa best estimatef the proportion of migration between the LAD and the rest of

the UK while constrainingll estimates to the NHSCR data.

The method can be tested by estimating 2006/07 to 2010/11 datarapdring
the estimatd¢o the CHI data. The results of this check can be seen in Hghrethere
the estimate ofinflows (4.5a) and outflows 4.%0) to/from the rest of the UK is
compared with the CHI data. The only notable difference is for Glagtimwvdistinct
cluster at around 6,000 in the PRDS data in Figures 4.5a and vldre the estimated
inflow is 500 people less than the CHI in 2006/07 and BvAIB and 300 people less in
2008/09. The Glasgow estimated outflow is between 150 and 200 people less than the
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CHI data in each yeafhe CHI reports an average of 5,800 migrants for inflow and
5,700 migrants for outflomn Glasgowbetween 2006/07 and 20¥11, meaning that the
estimates are up to 8 per cent lower than the reported CHI flow. Given that the estimates
are much closer in 2009/10 and 2010/11, that it is not possible to test the accuracy of the
2001/02 to 2005/06 estimates and that the matchedeet estimates and CHI flows for

all other LADs is good, no further adjustment is proposed for the estimate in Glasgow.
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a: Estimated inflow compared with CHI b: Estimated outflow compared witbHI
reported inflow for each LAD between  reported inflow for each LAD between

2006/07 and 2010/11 2006/07 and 2010/11
Figure4.5: Comparison of estimated vs CHI reported inflow and outflow for LADs in
Scotland
Finally, the residual of the Ooutside o

component (represented as CC for inflow and GG for outflow in Figure This

residual is agreed to the overseas total reported in the NHSCR for each HA and

controlledto the total Scotland overseas migration totals.

4.7 Using iterative proportional fitting to estimate UK-wide crossborder

flows

Having estimated the Scotland rest of UK marginal totals for 2001/02 to 20054086,
now exista set of consistent totals each year for which the IPF algorithm can be used

to produce estimates of crelssrder migration between all LADs in the UK. Ideatiye
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could use the marginal subtals for each country to country section of the matrix, but
given that these data aretravailable (represented by all marginal 4atals shaded
blue in Figure4.1l), the solution to use the rest of UK margin for the estimation was
suggested biRaymer(2012, perscomm) and outlined in this section.

As the UK wide matrix isa closed systerwhere the sum of all moves from one
part of the UK to another part should have an overall net effect of zero, the count in the
corner cell of theerossbordermargin in Figuret.1, labelled YT/ZT, should equal both
total inflows (Q to T in Figurd.1l) andtotal outflows (U to X in Figurd.l1). This is not
the case for two reasons: first, the effect of rounding individual cells to 10 in the ONS
supplied PRDSdata and second, the inclusion of armed forces moves in the NRS
supplied CHlidata for Scotland. Movds and from the armed forces are included in the
6rest of UK®6 figure for Scottish LADs, b
armed forces move within Scotland or armed forces moves to/from another part of the
UK. It is the inclusion of armedfces which appears to cause a large proportion of the
inconsistency between total inflows and outflows (YT/ZT), as can be seen in Eigure
The comparison for Scotland (light grey bars in Figdi® has been drawn from
national level NHSCR data (whiafo not include armed forces moves) and summing
the CHI data (which do include armed forces moves). By taking the difference between
NHSCR and CHIlwhat is left ismoves to/from the armed forces for Scotland. These
armed forces moves account for the mayodt the total difference seen for the UK
(blackbars in Figuret .6).
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Figure4.6: A comparison of the difference between origin and destination migration
totals for the UK and for Scotland
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For the IPF routine to converge, the marginal totals must sum to the same value, so the
totals have to be adjusted to ensure consistency. The Scottish data are adjusted to
remove the armed forces moves, while the small remaining difference is attributed to

the rounding issue in England and Wales. Thus, wBei@ is total inrmigration and

B U is total outmigration, if:

whereE is the differencéetween total inflow and outflow, then an adjustment needs to
be made to ensutbe total of all origins and destinations are equal. For all years, total
inflow is higher than outflow, so the outflow totals for each LAD in Scotland were
adjusted upwards (as were the LADs in England and Wales to account for the small

difference in ronding) as follows:
t 0 © or 0 (4.6)

wheret is the adjusted outflow fob 6 ‘OAny error is distributed across origins in
proportion to the estimated emntigration total. The error is distributed across origins
rather than destinats as the destination totals amere certain in census and survey
migration tables because recall bias is avoided. For register based datasets, although this
argument does not apply, only the census gives comprehensive coverage of the
population groupsso the census logids followed Because the 2001/02 to 2005/06
Scottish rest of UK marginal totals are estimated by allocating NHSCR data, no armed
forces moves are included so the small difference seen in these years is attributed to

rounding differences in England and Wales and aguatcordingly.

The IPF procedure requires an entire org@stination matrix, so whilthere is
no need teestimae intra-country flows, or the flows between England and Wales, all
cells (AP in Figure4.1) need tocontain a valueThese internal migran and cross
border between England and Wabedl values (AF in Figure4.1) are set to 0.001 (the
lowest value possible for the IPF routine to work) so that no value is assigned to them in
the est of the UK estimation model. The 2001 Census distribusdhen used as the
seed value for crodsorder nigration flows in cells G to P for the 2001/02 estimate,

while the prior year 0s tabl e i sTheuRBFed f
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algorithm is run in exactly the same way as illustrated for Northelandin section
4.5.

4.8 Testing the iterative proportional fitting algorithm on observed data

In order to test the performance of the IPF algorithm, it can be used to estimate a sub
section of the matrix for which there is prior information. In #gample, illustrated by
Figure 4.7, the crosdorder migration between England and Wales can be estimated
using IPF in the same way as the whole UK cltmsgler matrix has been estimated, and
compared with the PRDS data which are used to fillsmdiionsE and F of the
interaction matrix. The PRDS data wil!/|

be compared with the IPF derived estimate.

Destination England Wales
Origin LAD LAD LAD LAD LAD LAD
1 326 1 22
LAD 1 AW A A E E E EO
England | LAD ... A AW A E E E EO
LAD 326 A A AW E E E EO
LAD 1 B F E BW B B FO
Wales LAD ... F F B BW B FO
LAD 22 F F F B AW FO
FD FD FD ED ED ED
Legend
Marginal total from the PRDS
Seed value from E.F,0,D| for flow across the border between
2001 Census England and Wales
Cells not estimated:
Set to 0.001

Figure4.7: An illustration of the crosborder movedetween England and Wales to be
estimated

Figure 4.7 shows that the crdssrder outflow totals (EO and FO) and the crbesder

inflow totals (ED and FD) are taken from the PRDS for each LAD in England and
Wales, while the cells to be estimated, labeleand F, are filled with the 2001 Census
seed. The intrgountry LAD flows which are not required are set to 0.080hen the
estimated cell values are compared with the observed cell values, 14,344 pairs of LAD

to LAD flows can be compared in each yearsthong positive correlation between
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observed and estimated migration between England and Wales can be seen4rlTable
and the Pearsons coefficient ranges between 0.91 and 0.93 in each year, with all years
being statistically significant (p<0.01).

Table4.1: The correlation between IPF estimated and PRDS observed data in each year
for migration flows between England and Wales

Year Correlation
2001/02 0.91
2002/03 0.90
2003/04 0.91
2004/05 0.92
2005/06 0.92
2006/07 0.92
2007/08 0.92
2008/09 0.92
2009/10 0.93
2010/11 0.92

Figure 4.8 shows the correlations in three years: 2001/02, 2006/07 and 2010/11. The
majority of flows are relatively small and there are differences where the estimate is
above the observed data ance versa.

Estimate 2001/02
Estimate 2006/07
Estimate 2010/11

" Obsenved200102 - © Observed 2008107 ' T obsened 201011

a: Estimated vs observed b: Estimaed vs observed c:. Estimated vs observec
data 2001/02 data 2006/07 data 2010/11

Figure4.8: Estimated vs observed estimates of LAD to LAD migration, 2001/02,
2006/07 and 2010/11
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The experimentgresented in this sectighowed that the estimate based on a census
seed distributionPRDS marginals and IPF is very close to the observed data, while not

a perfect match.

4.9 Choosing the correct seed

The IPF methodology outlined in thehapters reliant on a suitablstartingdistribution

for the seed value and assessment of various data sources was made before the 2001
Census distribution was chos@figure4.9). Ultimately, the 2001 Census provikhe

best estimates of missing cells ageneratesa solution which ca be updated with

results of the 2011 Census in due coufdes choice of seed relies on the assumption

that it is reasonable to use the distribution of migration which is available in the detailed
census data and apply it to the subsequent ten yearpgned. For estimates from
2002/03 onwards, the prior year estimated table was used as the seed, but the results do

not differ from using the 2001 Census distribution as it is.

8- ‘ i
o
a v
r=0.94 r=0.28
A;;erage Pop
r=0.83
8 . s oo
i Yo i
. ‘w‘:
B r=0.78

* Distance ~ Contiguity

Figure4.9: The correlation btween various seed values and the PRDS data in England
and Wales, average of 2001/02 to 2006/07
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Figure4.9 shows that when the estimates created using IPF are compared with PRDS
data in England and Wales (where the largest amount of complete dataablavait
comparison), the 2001 Census distribution is optimal over other starting values. Using
the average population size at the origin and destination produces estimates that are far
lower than the PRDS data, with a weak correlation (r=0.28). Usindjstence between

origin and destination LAD tends to produce an urelgimate, while assuming that

contiguity is a precursor of migration produces an @stimate.

The assumption that it is reasonable to @kbstributionfrom the 2001 Census
and adjusthis for the subsequent 10 year period can be assessed by comparing data
from previous censusespmparison®f all LAD to LAD flows between1980/81 and
1990/91 flows andetween1990/91 and 2000/01 flows are presented in Figute.
The comparison bewen 1981 and 1991Figure 4.10a shows a strong positive
correlation. When the origidestination flows for each paiise set of LADs in the UK
are compared, the r value is 0.97 (p<0.01) while the comparison of migration rates (per

1,000 population of désation) shows an r value of 0.95 (p<0.01).
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a: 1981 compared with 1991 b: 1991 compared with 2001
Figure4.10: The correlation between LADAD migration rates reported in the 1981,
1991 and 200Censuses

Definitional inconsistencies between the 1991 and 2001 Censuses make direct

comparison more difficult. These issues have been identified by Stillwell and Duke
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Williams (2007 and Simpson and Saba{@009 and have been explored in depth by
Sabatef2007). The inconsistencies include different treatmerthefstudent population
(counted at their home address in 1991 but their -te@ address in 2001) and
boundary changes between 1991 and 2001. Despite these inconsistencies, the
comparison of migration between 1991 and 20Biyure 4.10p shows a similayl

strong positive correlation to the 198291 comparison when the total flows are
considered (r = 08 p<0.01) and when the rates based on the destination population are
used (r = 0.8, p<0.01).

Overall, this analysis shows that in the absence of ahgr atata, the 2001
Census consistently provides the most robust starting value for estimation using IPF and
that it is reasonable to use the distribution for a ten year period, given the strong
correlation between three separate census years. The IPRerawgnstrains the
distribution to up to date marginal totals in each year which will control for any outliers

seen in the seed.

4.10 Producing consistent geographies

Administrative geographies are subject to frequent chahigetre are currentl\326
adminigrative areas in England: 56 Unitary Authorities (UAs) which are largely but not
exclusively found in medium sized urban areas; 36 Metropolitan Districts (MDs) which
represent heavily built up areas outside of Greater London; 20imetopolitan
Districts and 32 London Boroughs (LBs). Finally, the City of London is a City
Corporation, its power is largely consistent with that of LBs, although voting rights
differ in that businesses are permitted to vote in local elections, unlike in the rest of the
UK. Wales consists of 22 UAs, distinctive from English UAs in that only eight are
urban areas, and the remainder are more rural. Scotland consists of 32 Council Areas
(CAs) which are also unitary administratiofrthern Ireland is divided to 26 Local
Governmat Districts (LGDs), which ONS refer to as district council areas that are also
all unitary administrations, but confusingly have less power than unitary administrations
in the rest of thedJK. These administrative geographies of the UK are referred to
throughoutas Local Authority DistrictsL(ADs), and while this definition is not strictly
accurate given the complexity of the administrative structure defined above, it is one

whichis used in this thesis in order to simplify the discussion.
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The periodic reorganisation of boundaries and definitions presents considerable
challenges when undertaking time series analysis because of the inconsistencies that are
created by boundary changes. The latest local government reorganisation took place in
2009 in England with the crteiagr @ne otfi tli0e ,
number -toiferddt woy st ems; a S umma cag beddundinh e r
ONS (2013Mk. Nine of the new UAs were created by grouping LADs together: Central
Bedfordslre, Cheshire East, Cheshire West, Cornwall, County Durham,
Northumberland, Shropshire and Wiltshire were created by amalgamating LADs. The
Isles of Scilly were separated from Cornwall to form a separate UA for coding

purposes. Those LADs involved in the® changes are shown in Figdr&l.

Ndrthumbetldnd

County-Durham

Legend

:] New 2009 UAs

Old Districts

Isles &F Scilly

Figure4.11: Outcome of the reorganisation of local government carried out in 2009
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Since the aim of this thesis is to create a consistent time series of midretvesen
mid-2000/01 and mi2010/11, and disaggregating the data for{20€9 reorganisation

would involve large assumptions and be inconsistent with the specification of the MYEs
from the NSAs data for pre2009 years have been adjusted to agree withntbst

recent boundaries. This also provides a consistent basis from which the methodology
can be taken forward beyond the 2011 Census (at least until further changes occur). To
provide an indication of the order of magnitude of the impact of the 2009 &gund
adjustments, flow data from the 2001 Census for the areas involved suggests that 23,891
migrants (11,744 males and 12,147 females) that were formerlydistect migrants

in 2000/01 would have become intigstrict migrants in that periodlhese frguent
administrative boundary changesthe UK are identified byNormanet al. (2003, who
advocate the construction of consistent boundaries which enable the analysis- of time
series data. iS¢ani | mail ya kegsepupidedapeh byieeset

al. (20049 in the estimation of smakirea poplationsover time. Harmonization of
census boundaries is routinely undertaken to enable the comparison of census data over
time (Boyle and Feng 20Q02artin et al.2002 Norman 201]

4.11 An alternative crosshborder estimation method

In the previous chapter, the data sounntified which providessubnational origin

and destination data for migrants that cross the borders of the UK is the
NHSCR/SNHSCRThis providesinformation on flows between Health Authority areas

(HA in England) and Health Board areas (HB in Scotland), along with the flow between
these health areas and Northern Ireland as a single aggregate area. This section provides
a brief summary of a methodgy that was developed using these NHSCR flow data,
but ultimately was not used in the final estimates presented in this thesis, owing to
various problems with its implementation and accuracy. Despite it not making the final
cut, a summary of the methodgipis presented here for two reasons: first, it builds on
and attempts to add a level of disaggregation to a method used successfully by Dennett
and Rees (2010) and Dennett (2010); and second, in the development of a final
methodology the work carried oah the(S)NHSCR provided an excellent vehicle for
understanding the available data (and their limitations) for estimating-looodsr

migration.
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The basic principle of the method is to use the flows between health areas in
England, Wales and Scotland aratjgregate Northern Ireland reported in the
(SINHSCR in each year to constrain the distribution of LAD to LAD flows reported in
the 2001 Census. The estimation equation, adapted from Dennett and Rees (2010) takes

the form:

L 0 B'Q ‘GBQ 0sB& QY (4.7)

where the target LAD to LAD flows)( ) at midyear time pointd are estimated by
adjusting the 2001 Census LADAD distribution © ) by a ratio of the health area
origin-destination flow§ . This ratio is the sum of avesfrom all LADs in the origin
health areaR "® “®and all LADs in the destination health ar€@® () where'QCare

LADs and'Quare the health areas that constrain them.

Using this method at a different spatial scale, Dennett and Rees (2010)
successfully produced estimates of migration between 37 NUTS 2 regions (these are
aggregated groupsf LADs: 29 in England, 3 in Wales, 4 in Scotland and Northern
Ireland as a single area) which were constrained to 13 NUTS 1 regions (the 11 former
GORs wih Scotland and Northern Ireland as aggregate areas) for calendar years
between 2000 and 2007. Dennett (2010) adapted this methodology to produce LAD to
LAD flows where the constraint was NHSCR flows reported at former GOR level
(again aggregate in Scotlamshd Northern Ireland). In the work of Dennett (2010),
flows at the LAD level in Northern Ireland (both internal and ciomsier) were not

estimated.

4.11.1Limitations

Two key geographical limitations exist in the implementation of this methodology.
First, there is no data from the NHSCR that is reported at any scale below national level
in Northern Ireland. Given that the purpose of implementing this method is to produce a
crossborder estimatef migration at the LAD scale, this is a substantbktacé. A
second problem exists in Scotland, wherauanber of LADs do nonhestcompletely
within a sngle HB area (as described ire@ion 4.6). While the solution presented

above (which involves the creation of a single large area that combines three HBs) is a



87

viable method for estimating marginal totals, it is much less effective when attempting
to distribute flows reported in theNHSCR to LAD level (the result is a large over
allocation of migrants destined for Glasgow to more rural LADS).

Another reason for using the main IPF methodology over this alternative is that,
given the number of LADs within some health geographies raportthe NHSCR (all
26 LADs in Northern Ireland being the prime example), much of the lower level detail
iI's | ost (thewdr esponpf e dKaltdised). AMDen she erdse i s
border results from the preferable IPF methodology and the NH&d&stment
methodology are compared, some large variation exists. Although both methods
outlined in this chapter produce estimated results (which cannot be fully verified), the
validation of the IPF methodology carried out in Section 4.8 and the majoietiefes
to the (S)INHSCR method outlined in this section lend strength to the decision to
implement the IPF routine fahe dataset. The IPF routine also forms the basis for
estimates by age and sex carried out in Chapter 7, a consistency that would not be
possible using the availab|8)NHSCR data.

4.12 Conclusions

This chapter hadetailed the methodology used to estimate the missing sections of the
interaction matrix flows between LADs in Northern Ireland and between LADs which
cross the borders of theur UK countries. IPF, implemented in the software package R
provided a robust solution for the estimates, using 2001 Census values as a starting seed
and adjusting this distribution using up to date information for total in and out migration

flows in eat year from NHS register data.

A major contribution to the aim of this thesis is the output of these estimations:
the dataset comprising internal and crbesder origindestination flows along with
international in and out flows at the LAD scale is #fere available. Th#ollowing two
chapters use this information to analyse the changing pattern of migration between
2001/02 and 2010/11. Chapter 7 revisits the IPF estimation algorithm and explains how

it is used to add age and sex information to theatimn estimates.
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Chapter 5

Understanding migration patterns and processes

The previous chaptenas detaileda methodfor creaing a comprehensive Uivide
databasef estimates ofmigrationflows between LADs. fiis chapter presents a review
of the extensive litature that covers the patterns of migration andptioeesseshat
have underpimed these patterns over the past few decades. Alongside this review,
results from theanalysis of themigration estimatesare presented at the national,
regional and_AD level, andestablished frameworker migrationenquiryfound inthe
literature are used taid in summarising and interpretingigration trends between
2001/02 and 2010/11. The review and asiglyn this chapteis split into six sections:
first, the oveall numbes of migrants within each of the three migration types (internal,
crossborder and internationa#jre notedsecondconsideration is given tithe temporal
consistenciebetween economic conditions and national level migration réed; the
focus moves to theubnational level andthe flows of migrants taking placeetween
urban and rural areasd the north and south tife UK; fourth, the regional dynamics

of migration are investigatedfifth, net patterns of migration at the LAD levate
examined;andsixth, a set ofmigrationsummaryindicatorsareused to provide further
evidence of change throughout the decddheis, thechapterestablisheshe context for
migration patternsover the decaddbefore a detailed examinatiorof origin and
destinationflows is undertaken in theubsequenthapter, andfollowing an account of
their estimation in Chapter the age and sex patterns are analyserkafteiin Chapter

8.

A substantiahumber of studiekok atthe pattera of migration in the UK over
the past 50 years, awdmprehensiveeviews of recent migration literaturare available
in Dennett and Stillwel(2008 and Dennet{2010. This chapter presents a selection of
literature that contributes to the discussion of migration in each section in order to
compkement rather than duplicate the main literature review of this thesis presented in
Chapter 2. It also excludes a detailed discussion of the effect of age on onigrati
patterns which is covered alongside the results of age and sex disaggesgatatesn
ChapterB.
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5.1 An overview of migration trends

Before embarking on analysis of the migration interaction matrix in the context of
established migration theories examining thesubnational patterns that exist, it is
necessary to gain an understanding of the general (national level) trend in the number of
migrants for each of the three migration streams (intercabssborder and
international). These general trends are presented in TFabléor the beginning
(2001/02), middle (2006/07) and end (2010/11) of the estimated time series. Total
inflow, outflow and the net result of each type of migrationejgorted for each of éh

four countries of the UK.

Table5.1: Total in, out and net flows for each type of migration by country,
2001/02, 2006/07 and 2010/11

Internal Cross-border International

Country  Year Total In Out Net In Out Net

England 01/02 2,422,040 107,062 -122,423 -15,360 450,747 -302,409 148,338
06/07 2,566,904 100,540 -118,170 -17,630 530,085 -351,786 178,299

10/11 2,432,865 98,088 -102,727 -4,638 506,261 -279,049 227,212

Wales  01/02 49,708 64,567 -54,848 9,719 10,533 -8,520 2,013
06/07 54,010 62,784 -55,756 7,028 18,346 -9,854 8,492

10/11 53,261 57,034 -54,500 2,534 14,635 -10,278 4,357

Scotland 01/02 118,818 54,408 -49,690 4,717 18,357  -24,400  -6,043
06/07 117,747 51,542 -42,701 8,840 37,800 -21,000 16,800

10/11 108,059 43,684 -40,779 2,905 41,000 -16,400 24,600

’\I'Ofltheé” 01/02 38,344 12,514 -11,589 924 8,791 -9,613 -822
relan

06/07 43,251 12,894 -11,131 1,762 19,369  -11,332 8,037

10/11 36,292 10,322 -11,122 -801 11,414 -13,824 -2,410

UK 01/02 2,628,910 238,551 -238,550
Total

488,428 -344,942 143,486

06/07 2,781,912 227,760 -227,758 605,600 -393,972 211,628

10/11 2,630,477 209,128 -209,128 - 573,310 -319,551 253,759
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Table5.1 shows thathte majority of the total migration is clearly composed of internal
moves for which the net effect is zero and England accounts for a large proportion of
the migration in each miglear to midyear period. When all migrants are considered,
the magnitude ointernalmigration is over 150,000 higher in 2006/07 than in 2001/02
before it falls back by roughly the same amount between 2006/07 and 2010/11. This
pattern is true for England, Wales and Northern Ireland. In Scotland, the first two time
periods are relately consistent but the pattern of decline between 2006/07 and 2010/11
Is evidentWales is the only country where internal migration is lower than tvoster
migration (both in and out), which reflects the relationship theds in Wales have

with English LADsthrough cros$order migration

For international migration,otal UK immigration and emigration follows the
same pattern, with substantial increase the numbes of both immigrants and
emigrants between 2001/02 and 2006/07 (inflow is 117,1gf2ehin 2006/07 than in
2001/02 while outflow is 49,030 higher). The number of immigrants is 32,290 lower in
2010/11 than in 2006/07 while the number of emigrants falls by 117,172. This pattern
of a midtime period spike is evident for migrant numbersEimgland, Scotland and
Northern Ireland. Overall, crodsrder migration falls throughout the decadbese
aggregatdrends help to inform the patterns discussed in the following sections where

aggregate patterns are disaggregated down to LAD level.

52 UK internal migration and the economyi a national level analysis

A link between economic conditions and migration propassis well established in

the literature, at least for internal migration, with periods of economic growth
coinciding with relatively high migration intensities Stillwell et al. (1992, p.3}1
highlight the fluctuation in migration propensity between 1971 and 1991, attributing the
reduced rate of migration activity in the 1970s to the decline in economic activity in
termsofic hanges i mnt heempd cooymoenmyt , | whergadoeng and
the 19798 3 r e c eigrationoantiyity Wias at its lowest ebhThey found thathe
subsequent increase ihe nationalmigration rate from 1981/82 onwargaralleleda
decreasing unemployment rate amgbroving economic condition&imilar findings are
reportedoy Owen and Gree(i1992), Oglivy (1982 and byChampion(1987, p. 399

who emphasiseshat the variability seen in UKinternal migration is influenced by

i s t @rm political considerations, as well dsusiness cycles and longer term secio



91

economic d ewhiel copema idstsad variables such as interest rates,
mortgage rates and regional employment ralé& impact of recession on migration
propensity isrevisitedin a morerecent study by Campas al. (2011) who reportthat
inter-regional andinter-country migration decreased lbsix per centin 2008/09
comparedwith the prevous two years, with the largest chargking placein Greater
Londonwhich experienced a drop 86,000 people leavinipe Greater London GOR in
net terms They attribute this to the unique economic conditions in London, which

experiencedewerjob lossesand lower unemployment rates than many other regions

Van Der Gaag and van Wiss¢R008 address the relationship between internal
migration, business cycle indicators, financial variables and labour market
developments across Europe at the NUTS2 scale. They found that for all countries,
there is a relationship between graksmestic produc{GDP) per capita and internal
migration which is stable over time and across all countries. Unemployment was found
to be significant on its own but not in a pooled model (which incorporated data for all
European countries for a year to year time seried)jctw was attributed to
multicollinearity with GDP per capita. Stillwell (2005, p.8) concludes that h e
relationship between migration and unemployment remains unclear, depending, in part,
on the state of whildhGamesooebah @00% find that forantetnad
migration in England and Wales, the unemployment rate is more relevant than the
employment rate, citing the case of the 1990s where regional unemployment rate
differentials narrowed more than employment rate differentials as a result of non
participation in poorer regions, including a rise in the number of disability benefits
claimants. Thg suggest that neaconomically active peopléa category which
excludes the unemployedje less likely to be migrantBell et al. (2013, in a study of
internal migration data from 71 countries around the world, find that GDP per capita has
the strongest correlation with migration intensity over both a one andydiae time

period (as GDP per capita increases, so does migration intensity).

The relationship with economic variables can be testedhen2001/02 to
2010/11 migration datasefigure5.1 shows thenationaleconomic indicators of GDP
per capita and unenmment rate for the workingge populationhere specified as
those agedl6-64) alongside the UK internal migration, immigration and emigration
rates. For all variables, time series indices are presented with 2001/02 representing the

base year (the rate @ach year is divided by the rate in the base year and multiplied by
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100) so all variables are comparable across the time sstiidsell (2005, p.7-8) report

thatil onger di stance migrants tend to have
of work as well as their pl aandthexdecisianstas a |
migrate is influenced by regional economic prospemganing that measures such as
GDP per capita are importamts all moves inthe datasegenerated for this thesae
inteLAD and likely to be longer distance moves, a change of job is alsly lki&e
involve a change of house. While housing market & have been found to be
important in influencing migration propensity, their role is cdeat a regional level, so

they are excluded fromis national level analysis in favour of economic variables.
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Figure5.1: Economic indicators for the UK and intermaddinternational migration
rates, 2001/02 to 2010/11 indexed to 2001/02 rate

The role of employment as a catalyst for internal migration is apparent with a strong
negative correlation between the internal migration rate and the unemployment rate in
the same year (r 6.826, p<0.01, where 10 years of data are compared), this sigges
that while national unemployment is low, internal migration is high dnd versa.
There is, however, no significant correlation between the internal migration rate and
GDP per capita, either in the same year or with a one year lag. When tryingpoeinte

these correlations, it is important to remember that unemployment is a variable that
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affects people directly and immediately, whereas GDP is a combination of economic

variables which do not necessarily measure the behaviour or wellbeing of individual

However, GDP per capita exhibits a strong correlation with international
immigration when figures for the same year are compared (r =0.758, p<0.05) but the
correlation with emigration is not significant. Looking at the temporal trends shown by
the indcators in Figureés.1, a relationship between unemployment and immigration is
apparent (at least up until 2007/08) where falling unemployment seems to coincide with
a rise in immigration. The correlation between these variables is, however, not
statisticalyy significant. When the migration indices are compared to the prior year
economic indices, the only significant relationship is a strong negative correlation
between emigration in a given year and unemployment in the previous yed. (883,
p<0.05). Ths relationship appears to suggest that the emigration rate declines in the
year after a rise in unemployment arde versaAt first sight, this relationship seems
counterintuitive; however, the UK is not an isolated system and rising unemployment
may weél be echoed elsewhere in Europe (and outside of Europe) meaning that
migration is less likely if the employment prospects outside of the UK are similarly
bleak. This is a view shared fpobsonet al.2009, p.19 who suggest that as the UK is
part of an international network of mobility atite economic downturn is being felt on
aglobalscaléit her e wi | | be fewer honey pots to
to anotheo .It could also be argued that migration is a difficult undertaking if a
prospective migrant does not have a stablenomic base (for example, that prospective

migrant became unemployed in fi@vious year).

A reason fora more tenuous relationship between economic conditions and
international migration is presented bytchell et al. (2011, who develop a Bayesian
model of international migration over the past decaak&find that the economic cycle
of the UK (proxied by the unemployment rate) atiteo economic determinants play a
role but are less important than factors such as immigration padfiaiton (200%
presents similar findings, suggesting that in an economic model of migration, while
improving economic conditions do lead to increaseémmigration ancbetter earnings
and unemployment conditiorm® contribute to eigration, it is immigration policy and
levels of inequalityacross the UKwvhich contribute more to thexplanation of change
International migration is complicated by the distinction between EU citizens who have

freedom of movement between European aoesitand nofEU migrants who do not.
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The complexities of international migration adescussedoy Robinson(2013, who
finds that an increase in immigration between 2000 and 2010 hasliesm firstly by
an increase in the number of people being granted asylumsandndly by the
inclusion of EU accession stat@s8) from 200304 onwards.

In summary, thestrong negativeorrelation betweethe internal migration rate
andunemploymenbetween 2001/02 and 2010/ilconsistent witHindings reported in
the literature (Owen and Green 1992, Oglivy 1982, Stillwell 1992) whilst a similarly
strong negative correlation between emigration and the prior year unemployment rate
suggests that unengyiment has the effect of dampening migration propensities for
people leaving the UK. A strong positive correlation between GDP per capita and
immigration is consistent witthe migration modelling literaturéMitchell et al. 2011,
Hatton 2005)and the jumpgn international immigration seen in 2004/05 is consistent
with the accession of new EU states and the policy dimension of immigration identified
by Robinson (2013).

5.3 Urban-rural and north -south migration

In this section, the characteristics of migratibetween two conceptual divides that
have been discussed at length in the literature are examined. These are migration
between urban and rural areas and migration between the north and the south of the UK.
With no definitive ,de lteraturets reaaweddéforecanalysise r
is undertaken on the migration dsesto identify patterns of migration between urban

and rural locations in the north and south of the UK (whichbmagonsidered a®ur

component$ urbanruraknorthsouth)between 2001/02 and 2010/11.

5.3.1 Urban-rural migration

The subnationalmigration from large metropolitan area® smaller towns andural

locations frequently referred to asounterurbarsation is a predominant theme in the
migration literature. Chamen (1989b, p.12)charts the trend through the 1960s to the
1980sdescribingthéi e x o dus fasthei sd intgil @es anost | ther ess
1981 C.eChanpienand Townserd994, p.59 describe the 1970asa decade
characterised by counterurbsation, attributing much of the shift th subur ban
movements that have been f or-urledbetaase df e c o n
pressur e,wihnOwsnmrddGeee(l992 reporting similar findings. Champion

(19899 states that the period 1978 saw the most rapid deconcentration of
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population, in which migration was the most dominant process, with a slowdown in the
late 1970s and early¥930s.

Using 1991 Census data, Restsal. (1996, p.78 provide a detailed account of
population dynamics in the UK, concluding that the dwnt pattern was one of
Afdeconcentration from the ¢6omas ohatcitwn
preference of migrants was for wardsth low populationdensites The trend of
counterubanmtion throughout the 1970s and 80s is given detaiteshteon byCross
(1990, Kennett (198p and Champon (19899, whilst the phenomenon in the 1990s is
explored by Kalogirol2005. Similar munterubaniation trendsare detectedrom the
resultsof the 2001 Census by Champi¢2005, Stillwell and DukeWilliams (2007
andStillwell (2013).

The urbanrural migration relationship betwee?001/02 to 2010/11dentified in the
current workcan be assessed by applying a definition of ruralityA®s for the time

series migration estimate¥arious areaclassification systembave been use(DNS,

NRS and NISRA have their owarban and ruraklassifications) but a consistent
definition across the whole of the UK not availableTo provide a classification that is

both consistent across theKland transparent in methodology, a simple measure of
population density has been derived from the 2001 Census to create rural and urban
categories, which can be seen in Figure
a population density of betwa eight and 474 people per square kilometre whereas the
Ourbané areas (blue in Figure 5.3) are t
and 13,102 people per square kilometre. Each classification contains half (203) of the
LADs in the UK.

Populationdensity is used widely as a proxy for the urparal dimension (see
Stillwell et al. 1992, Rees and Kupiszeski 1999 and is an unambiguous and
transparent measure which can be applied to any spatial system. The results of this
classification will be tested and expanded on when a more sophisticated area
classification is used and is picked up agairthie following chapter, where the UK is
split into 13 city regions, so for now a simple definition which splits the UK in half will

provide an unambiguous overview on which to build.



}Urban Rural

Classification

| Rural (8-474 persons per sq. km)
I urban (475-13,102 persons per sq. km)

North-south divide

Figure5.2: Population densitipy LAD based on the 2001 Cengipulation
Note: See page 99 for a working definition of the nahth divide

Figure5.3a shows that the general pattern between 2001/02 and 2010/11 is one of net
loss from urban areas and net gainural areagas the urban to rural flow is larger than

the rural to urban flow) but that this urbaural flow is in declineLondon accounts for

a large proportion of UK migration, especially flows between LADs within the Greater
London area (which is demnstrated in the next chapter) and to take this into account,
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Figure 5.3b shows the flows in both directions expressed as an index of the 2001/02
flows both including and excluding Londonhddecline in urban to rural migraticsiill

holds whenLondon isexcluded from the datéhe dotted lines in Figure 5.8kexcept

that the fall from urban to rural is not so accentuated in 2008/09 and the urban to rural
migration is a little more stahl&his suggests that the changes taking place (the decline
in urbanto rural migration) is not apparent in London, rather it is being driven by
migration from more densely populated LADs outside of London. Between 2001/02 and
2008/09 the net gairn rural areas is falling, driven predominantly by a fall in the urban

to rural flow (while the rural to urban flow remaimsore consistent).There is a brief

(and small) resurgence of moves from urban to rural areas in1ZZ)08&t the trend seen
through the rest of the decade resumeg0mh0/11.These findings from the migration
database are consistent wiae (2013, p.97who, in a study comparing small area
populations (LSOA) in the 2001 and 2011 Censuses, concludes for England that the
inter-censal periodir epr esents a tur nar ourmpapulaionom d
d e c | fromenétropolitan areas, which is being driven by repopulation of the inner
city in particular.

a. Total migration b. Migration change

Total migrants (000s)

B Urban to rural — Urban to rural

@ Ruraltourban Urban to rural (excl. London)
—- Rural to urban
--=- Rural to urban (excl. London)

Figure5.3: (a) Total migration between urban and rural areas and (lo¢léteve
difference with 2001/02

Thus, the pattern of counterubaation that has been so characteristic of UK internal
migration over the last half century appears to have been waning over the last decade

driven primarily by a fall in the number of migrants mog from high density to low
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density LADs. The timing of this shift (which is most apparent between 2006/07 and
2008/09) coincides with the global financial crisis which resulted in lower GDP, higher
unemployment and a slowdown in the UK housing markeis T an important
relationship, identified by Reest al. (1996, p.5) who find that in contrast to economic

boom seen in the mitl970s and late 1980s when rising house prices and employment
give households the conf i dmcessienptriodscaosee o0
house prices to stagnate or fall, remove job opportunities, reduce the gains to be made
from migration and increases ri@k This pattern will be explored further in the
following chapter and disaggregated by age and sex in ChagpsrpBevious work,

using population density as a classification indicator, has revealed different pafterns

urbanrrural migration byage (Reest al. 199%).

5.3.2 The north-south divide

A divide between the north and the south of the (Kt primarily addressed as a
phenomenon in England and Waleés)a theme running through the literature when
migration patterns in th&960s, 1970s and 1980s are being assessed, with London and
the South East providing the driving force for migration patterhs. division between

north and south is interpreted differently by geographers and the concemlis
summarised byorling (2007, p.) statingithat such an exact line can be drawn is, of
course, a fiction but it is also fair to say that moving from North to South is not that
gradual an experience .Green (1988, p.191defines the divideasiir unni ng r ou
betweenth&ever n est uar y machada thdliteratare éxcluslds ISaotéard,
and Northern Irelandwhilst the East Midlands iglassified aspart of thesouth by
Champion(1989h butis split between north and soulty Dorling (2007, whereLADs

in the counties of Derbyshire and Nottinghamshire are in the nortite data presented

in this chapterthe East Midlands is classified as part of the south.

Champion (1989p describes the nortbouth divide as an economic issue,
highlighting that the recession of the late 1970s and early 1980s had a more severe
impact on the north due to the types of economic sector that predomimate
principally mandacturingindustries Between 1971 and 1986, the overall growth o&te
the regiondn the south was in excess of the rest of Britain. Champion and Townsend
(1994, p.5pidentify that thetrend for migration froomorthto south slowed during the
1960s and 1970%ut re-emerged as one of the key featusépopulation change in the
1980s, driven largely by th&najor revivabof the South East since the nri@70s and
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the other southern regions in the Ai@B0s. Champion and Townsend also comment

that since the 192Qst appears to be the younger, bettealified people who make the
transition fromnorth tosouth The concept of London as &
by Fielding (1992) fits this model and is picked up in Section 5Mdrtin (1988,

p.413 argues that th@re-existing economic divide between the north and the south
widened in the 1980s due to the policy strategy of @wnservative Thatcher
government, wherdiwe al t h creati on bot h -ecempmic r e s

i nequaliti es.Tlesedneqlalitted and diffarenees were, Martin (1938

413 argues preserveddy the state as the n at u r ablhsedoupodtieerrealities of
capitalist productiod which strived towards the creation of private wealf¥hilst

Owen and Greeif1992 emphasise that a broad trend in migration in the 1980s was
movement from theorth to thesouth, Stillwell et al. (1992, p.3% report a slowing of

the pattern of net gain in the south between 1975/76 and 1986/87, with moves in the
opposite direction quickening from 1887 onwards, creating net gain in the north.

This reversal is attributed s hor t ages o fprich levels, iprasgures @f 0 U S ¢
congestion and increadttedetbmmmusi nfg dhet d

economy being felt earlierinthedoln t han t he nort ho.

Figure 54 shows the nortsouth divide present inhe migration database
between 2001/02 and 2010/11. Much of the literature on the -soutfh pattern
excludes Scotland and Northern Irelaadd these moves are represented by thedlott
lines on the graph. A more comprehensive, UK wide comparison includes Scotland and
Northern Ireland, and these moves are represented as solid lines on the graph. Either
way, the clear pattern is for a switch from net gain in the north at the begirfriimg o
time series to net gain in the south at the end of the time series. In the data excluding
Scotland and Northern Ireland this crossover occurs in 2007/08, while in the more
complete data it occurs in 2006/07, suggesting that their exclusion lowensgnéude

of flows but has little effect on the trends.

The pattern seen here is largely consistent with the pattern of economic
indicators seen in Figurel, with the economic shock of 2008/09 having the effect of
halting the steady increase of migratirom north to south and flattening out the
migration in the other direction. This is consistent with literature pertaining to economic

conditions and the nortkouth divide Champion(1989h suggests that the pattern of
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north-south divide was cast in the pastession recovery period of 1983 to 1986,

where thesouth gained 449,000 extra jobs, while the north gained only 83,000.
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Figure5.4: Total flows from north to south and south to north, 2001/02 to 2010/11

5.3.3 The dfect of an urban-rural and north -south divideson migration
rates

With evidence for a reversal in the direction of nesttuth migration flows midiecade

and the fall in the rate of net urbaural migration, the two can be combined to give a
fuller picture of the changing impact of these established phenomena on onigedtis
between 2001/02 and 2010/1&tillwell et al. (1992 discuss the counterubaaisn
pattern of the 19781 periodusingdensity as a proxy for urbaaison, and finding that
low densityareas in thesouth of England experiencexh increase in nein-migration
between 1980/81 and 1988/89, which mirrored the magnitude of the ratt @it
migration for London. This pattenwas found to bdess apparent in theorth, where

low density areas shaa relatively small gains. This leads the authors to aaielthat
icount ation matrei nerth appears to have been less important than the
movement of peopl e fr (pdAD). A similarmapalysishcantbe t h
carried out on the migration da&tfor 2001/02 to 2010/11 by furth@rterrogatingthe

urbanrural and nortksouth classifications.
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The top pair of graphs in Figu&5 show the net migration rate, based on the
population of the destination LAD, when the LADs are sipiib urbannorth, rurai
north, urbarsouth and rurasouth. It is clearfrom Figures55a and5.5b that
counterubangtion in the south does have a far larger impact on the populatiomai
areas than counterubaaimn in the north, with the rate of migration from urban to rural
in the south being twice that of the urkiarrural flow in the north. In both the north and
the south, the rate of gain for rural areas has declined over the decade; in the south it is
7.6 per 1,000 population in 2001/02 but falls to half this rate in 2010/11. In the north,
the rate of gain in rai areas falls from 3.5 to 1.5 over the same period. The pattern seen
here is the opposite found by Stillwedt al (1992) for 1980/81to 1988/89 when

counterubangtion was increasing.

a. Net migration rates for b. Net migration rates for
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The bottompair of graphs in Figur8.5 present net migration rates (migrants per 1,000
resident population) between the north aodith disaggregated by the density of the
origin and destination areas. Figls®c shows net migration rate for moves from the
south to the north, and Figuséd shows the moves in the other direction, from north to
south. The urban south to rural nortét migration rate changes from being positive in

the first half of the decade to negative in 2008/09, 2009/10 and 20RHids of net
movement from urban south to urban north show sizeable net losses in the second half
of the decade, and particularippin 2008/09 onwar) having been positive in 2003/0

to 2005/06. The net gains in the rural north from the rural south diminished during the
decade and rates of net loss from rural south to the rural north became more evident.
The trends in rates from a southern perspective are shown in BidréNet migration

losses from the urban north to the urban and rural south in most of the early years had
been reversed by 2005/06 with gains in urban south from urban north being$s exc

0.5 per 1,000 resident population. Rates of net migration from rural north to urban south
also changed from negative to positive during the decade and net losses from rural north

to rural south became smaller.

In summary, what net urban to ruramigration in both the north and the south
is still a notable pattern of migration, the rate declined substantially throughout the
decade. The reversal of flows from a predominantly sootth to a nortksouth
direction appears to be driven primarily by ancrease in migration from the urban
north to the urban south. All other flows appear to reduce throughout the débade.
missing flow combination in this analysis owever,urban to urban migration where
the areas are in close proximity (i.e. flowsthin the urban north and urban south),
which is detailed in the context of city regions in the next chapter.

54 Regional migration patterns

The national level trendgresented irthe previous secti@mask the differences that
occur at the regional anglibregional scalesn the UK. A number of studies suggest
that regional migration patterns are largely driven by economic conditions: Inter
regional migration for employment purposes is a process highlighted byeReés
(1996, Gordon and McCormick (1994investigate migration between regions in
response to regional labour market circumstances, finding that migration is important

for the regional adjustment process for +manual workes, whilst Thomas(1993
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finds evidence of preference for migration to areas offering higher wages, both for job

and norjob movers.

The patters of net migration between 2001/02 and 2010/11 presented in Figure
5.6 shows the chaging structureof the UK migration system across the decalg
Engl andds Gover rsGOR)and ®é dthercUK corrarigg&OR Bouth
West is consistently the largest net gainer of migration compared with other regions but
shows atrend of declinng gains whilst the SouthEastincreasests annual net gains
throughout the decad&OR Yorkshire and the Humber moves from a position of net
gain to net loss in 2005/06, as does the North \iie2004/05. Scotland, Wales and the
East Midlandsconsistetly gain population but this net gain declines across the time
series The East has a consistently positive net migration balance, whilst the North East
and Northern Ireland have a very small net migration balance which moves from
positive at the beginnghto negative at the end of the time serigensistently, he
largestnet migration balance isetloss from London, although this loss reduces during
the decadeparticularly between 2006/07 and 2008/09
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Figure5.6: Net migration to/from the regions of England & Wales, Scotland and
Northern Ireland, 2001/02 to 2010/11

The patterns seen in Figuseés will be picked up later in the thesis, but for the purpose

of exploring theliterature m regional trends, London and the South East, and Scotland
and Northern Ireland will be examined in more detail in the following twessakions.
London and the South East are generally considered to act as the driving force for UK
migration patterns, whé Scotland and Northern Ireland receive relatively little

coverage but exhibdistinctpatterns in the context of UK migration.
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54.1 London and the South East as an escalator region

The predominance of London within the UK system is empadsby Champion
(2005, who notes thait plays a pivotalole in absorbing international immigrants, and
tends to lead economic recovery by being the first region to start redistributing
migrants. The primary destinati®for outmigrants from Londorarethe South East
South West and East of England whilstadting inmigrants from across the country.
London operates as the powerhouse of the UK migration system, both attracting and

generating migrants in large numbers relative to other regions.

The conceptof London and thevider South East acting as @salator regiod
that attracts a large number of young additsn the rest of the countrwho are
(largely) well educated and in the early stages of their career, who then subsequently
Gstep ofbthe escalator to move elsewhéving gained the upward mdty offered by
the South Eastis set out byFielding (1992. Faggian and McCan(2009a, p.14p
emphasise thpredominantole of London in thisnode| suggestingthat t he r egi o
immediately adjacent to London have benefited from huwapital spillovers, whereas
more peripheral regions are s UlHefmadeliinmg n
critiqued byChampion (2012who uses time series data between 1966 and 2001 to
contestthe Gtepping ofb phase of the modelChampion suggests thpeople ted to
leave the South East within 15 years, rather than later in their working iinezing
they are hle to actively contribute to the regional economip which they migrate
with the skils they have developed in the South E&tapter8 will explore the age
dimension of migration in more detail, but it is cléam the analysis presented here
that the South East and London in particular play a large role in the redistribution of
population in the UKIndeed Findlayet al. (2009, p.87Y suggest that the occupational
mobility of the UK workforcemakes Londoii Sc ot | anddés third or V
which has a tweway effect of exchanging highly skilled workers between regional
economies while Coombes and Charl{@892 suggest thaltondonis adransit camp
both in terms of a landing point for international immigrants and highly skilled young
people from othe regions. They emphasise the very high mobility levels of the London

population.

Recent work byChampionet al. (2013 i nvesti gates Engl and
cities (those cities in England that are not London) and their emerging role as escalators
for migrants, in the same context as London and the South East, where a migrant



105

advances their career faster by moving thagisg put. Using Longitudinal Study data

for 1991 and 2001, they find that a migr
Airai se peoplebdbs chances of transitioning
points on average compared with the longgmr esi dent s o(. NtAi es e
early view version); where WCN are White Collar Naore workers (employers and
managers in small firms, ancillary workers) and WCC are White Collar Core workers (a
step up in occupational class to employers and masagéarge firms and professional
workers). They find, however, that the transition from WCC to WCN for all second
order cities combined fell short of that seen in London, but that of the second order
cities, the rate seen in Manchester was far highar #llaothers. This finding leads
Championetal.( 2013) to conclude that Manchest e
terms of the employment opportunities it offers. The next chapter investigates the role

o f Engl andds second oin Vales, Scatland ad Nofthern o n g

Ireland) in more detail.

54.2 Scotland and Northern Ireland

Whilst Scotland and Northern Irelarténd torecieveless attention in the migration
literature, the unique pattermd migration they experiencaerit scrutiny hee. Jones
(1992 hi ghlights two distincti pefleathefirstishut es
tradition of overseas emigration and second is low population densities resulting in
modest flows between Scotland and adjacent regions of Endtendrgues that in
migration from the rest of the UK to rural Scottish regions isedr by oil related
employment in Highland (especially Aberdeen/Grampian) and residential preference for
rural areas. Thipreference for rural regiortsas been explored in more detai the
1970s and 1980s Wyorsythe (198Q)in the specific case of thérkney isles byLumb
(1980) andin the case of Mull, Skye and Wester RossJoyes (1986 Champion
(1987) suggests that industry related pattermstributed to decentralisation in the
1970s, citing the North Sea oil boas a primary exampl®eeset al. (1996 observe
similar patterns in the 1991 Censusferring to theperipheral gais in north east
Scotland shewodresource frontiegsesulting from the development of onshore facilities

for offshore gas and oll fields.

Findlayet al. (2008 make the connection between Scotland and the South East
of Englandsuggestinghat thenumberof Scottish people in London and the South East
has fallen in the 2000s due to the increased level of returntroigta Scotland. These
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migrants are young and educateith Edinburghthar destination of choice, due to the
availability of jobs in bankig and financial serviced his builds on the idea of migrants
gaining skills in London before returning to their region of originis link is similarly
explored byFindlay et al. (2002 who address moves from theored of the UK
economy to aperipherab region Scotland suggesting a strong link between those
employed in the service sectar the South East of England and in Edinbunghilst

recognising the flow of economic migrants in both directions.

Wright (2009 identifies that migrants make up a large proportion of the
population in urban areas on the east coast of Scotland (Edinburgh and Aberdeen) as
opposed to the Greater Glasgow area whic
of Edinburgh and Aberdeen in contrast to Glasgow. Wright also highlights the striking
difference in the age distribution of migrants to LADs in Scotland, which is picked up

in Chapter 8 of this thesis.

Compton (1992 addresses links between Northern Ireland and Great Britain.
Looking at adatatime series between 1975 and 1990, he finds that the volume of
migration fluctuates substantially over time and that inflows anfloag arestrongly
correlated (= 0.81), with outflow consistently exceeding inflamdthe bulk of flows
being job-related. He argues that the supply of labour in Northern Ireland has
consistently outstripped demand, brought about by rapid labour foogghgdue to
high natural increase. He argues that high unemployment (twicdJikhanational
avaage) coupled with high net ouotigration should be seen as a measure of the
Ainstitutional constraints on | abour mo k
(p.87). For this reason, following an economic recessionecovery in Nort
i's never sufficiently str ongwhicloresslteiak up
surge to labour deficient regions Britain as he argueswas the case durinthe

economic recovery of the early 1980s

5.5 Net patterns at the LAD leveli making sense of the aggregate trends

In this sectionthe patters of net migration at the LAD scale apeesented fothethree
types of migration referred toin the previous chapter: internal, crdssrder and
international. Looking at the total flows disaggregated in this way, it is possible to
decompose some of the national and regional trends identified dtiwveet migration

balances for each of the threeays are presenteditially andthenthe net migration
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rates. The net migration balances illustrate the changing magnitude of migration within
the systembut net migration rate is a more useful measure of the effect that migration
has on population redrsbution atthe local level, as it takestmaccount the size of the
population in each LADAIlthough the use of net migration means that the changes
between component inflows and outfloasross the time series are not identified, it
does provide a gooslummary measure of the changing pattern of migration across the
decade. In this section data for years at the start (2001/02), middle (2006/07) and end
(2010/11) of the time series are used. For thedeichde analysis, 2006/07 is chosen in
preference owe 2005/06 as it represents a year in which migration activity was
especially high. The gross inflows and outflows that make up the net migration balances

and rates shown here are covered in more detail in the next chapter.

5.5.1 Net migration balances

Figure 5.7 shows the pattern of net internal (within each country) migration during each
of the three annual periods. The general trend is one of decline in the volume of
migrants from the beginning to the end of the decade. Patterns in 2001/02 and 2006/07
are similar, with the same areas losing migrants: most London boroughs, the urban
conurbation of the West Midlands, metropolitan LADs in the North West, plus
Glasgow, Edinburgh and Belfast. The primary areas of net gain are the LADs in the
South West (espedip Cornwall), along the south coast and the East of England.
Generally the distinction between metropolitan net losses and rural net gains is evident
across all three 12 month periods, but is more defined in the two earligrearido
mid-year periods. fie similarity in pattern seen between 2001/02 and 2006/07 is
confirmed by a strong positive correlation between the net flows for all LADs in the two
time periods (r = 0.89, p<0.01), suggesting that the same LADs are losing or gaining a

similar number of at migrants.

A shift in the pattern can be seen to have taken place by 2010/11, however,
which is confirmed by a weaker correlation between net flows at the beginning and end
of the decade (r = 0.79, p<0.01). The familiar pattern of urban losses andaunsl
continues, but with a much smaller net balance for most LADs. This shift is particularly
apparent in London (where boroughs in the east are now gaining migrants) and
Glasgow, Edinburgh and Belfast which now are losing far fewer migrants to thef rest
Scotland and Northern Ireland respectively. In Wales, two predominant LADs for
redistribution of migrants in 2001/02 and 2006/07, Cardiff (a net gainer) and Swansea
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(a net loser), show very little net migration activity in 2010/11. The pattern of met ga
in Wales is similar in 2010/11 to previous years but vbkime of net incoming

migrants has reduced dramatically.

Crossborder migration patterns appear to change substantially between the start
and end of the time series (Figs8). The correlatiorbetween net flow for all LADs
between 2001/02 and 2006/07 is 0.77 (p<0.01) and is lower between 2006/07 and
2010/11 (r = 0.65, p<0.01). The pattern seen at the beginning and end of the decade
shows a positive correlation which is significant but weakir(ist 0.64, p<0.01). The
pattern evident in FigurB.8 is one of net gain in rural Wales and Scotland, as well as
substantial net gain for Belfast in Northern Ireland. Glasgow and its surrounding LADs
lose migrants across the border, as do LADs arouelfia®. Overwhelmingly the
pattern of exchanges between LADs in England and the other UK countries is one of net
loss from England. The map for 2010/11 shows a decline in the size of the net loss in
English LADs if not a change in the pattern, althoughrtbiegain restricted to central
London in the earlier time periods spreads to a number of outer London boroughs. The
gain seen in the north east of Scotland in 2006/07 has been replaced by a net loss in
2010/11.

Figure5.9 shows that in contrast to intefrand crossborder migration, where
the largest change is evident in the last year of the time series, international net
migration sees the biggest change between 2001/02 and 2006/07: the correlation
between net flows at the LAD level for these two yearf.73 (p<0.01) whereas the
correlation between 2006/07 and 2010/11 is 0.86 (p<0.01). The most striking change
between the beginning and end of the decade is the change for Scotland from a position
of large scale net loss to one of net gain for internatiamgrants. Small net gains in
Glasgow and Edinburgh in 2001/02 become large net gains in 2010/11 and Aberdeen
moves from a position of heavy net loss to net gain. In England, the pattern changes
from one where the majority of LADs were losing net migsant2001/02 to one where
most are gaining in 2010/11, with a clear patt#rnet gain that originated in Londam
the 2001/02 datdegiming to spread across the South Edst.Northern Ireland,
Belfast, aftera briefperiod of net gain in 2006/Q7eturns tohaving a negative balance
in 2010/11.

The extent to which the pattern of net international migration is opposite to that

of net internal migration can be seen by comparing Figureand5.9, and is most



109

288
8880 o & © © £ u
© 22 8 8T % w©g
3 .82l s Od
Z 5 5SS « 02 92 I
— a8 58 90 2923 3
gmwx—mo‘f?‘T"T'%’
a 03
@00 - - c00@ a8l
[= 5] SSER)
= OQ, .5“?')"’"’3 20.0%
25 ) O 0 .
4 RO NG AT

«qas 3

oo 0o

Figure5.7: Net internal migratiobalances, LAD level, 2001/02, 2006/07 and 2010/11
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Figure5.9: Net international migratiobalances, LAD level, 2001/02, 2006/07 and
2010/11



























































































































































































































































































































































































































































































































