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Abstract

ABSTRACT

Geodemographic classifications provide discrete indicators of the social, economic
and demographic characteristics of people living in small neighbourhood areas.
They have been regarded as products,ckhare the final 'bestbutcome that can

be achieved using available data and algorithms. However, reduction in the cost of
geocomputation, increased network bandwidths and increasingly accessible spatial
data infrastructures have together created the patial for the creation of
classifications in near retime within distributed environments. Current
geademographic classifications asaid to be 'closed’ in nature due to the data and
algorithms used. This thesis is a step towards an open geodemogiafadrimation
system that allows users to specify the importance of their selected variables and
then perform a range of statistit analysis functions which areecessary to create
classifications tailoretb user requirements.

This thesis discusses thecgmeconomic data sources currently used in the creation

of geodemographic classifications, and explains the work towards the creation of a
non-conventional data sources arising out of the UCL's surname database. Such
data sources are seen as key to theation of tailor made classifications. The
thesis explains and compares different cluster analysis techniques for the
segmentation of geodemographic classifications. The development of an online
information system employs an optimisation lofmeans clusteng algorithm. This
optimisation uses CUDA (Computer Unified Development Architecture) for parallel
processing of computationally expensik«neans on NVIDIA's graphics cards.

The concluding chapters of the thesis set out the architecture of atireal
geodemographic information system. The thesis also presents the results of the
creation of bespoke local area classifications. The developmental work culminates
in a pilot realtime geodemographic information system for the specification,
estimation and teshg of classifications on the fly.
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Introduction

1 CHAPTER 1: INTRODUGN

This is a thesis about geodemographidiie analysis of ople by where they live
(Sleight 2004). It seeks to advance the approach in a number of important respects.
Frst, it developsnew methods of delivering readily intelligible mapping of data at a
wide range of scales to large numbers of end users. Setosekks to develop and
apply improved methods for estimating and testing geodemographic models, in
order to bring greater stability and consistency to the calibration process. And third,
it introduces a flexible and interactive framework for specifyingdgmographic
representations using a range of open data sources, that offer greatly improved
prospects for accommodating population dynamics (Birkin and Clarke 1988: 88) into
geodemographic representations. It is argued that these different themes of
specfication, computation, visual evaluation and interaction render
geodemographics more robust, transparent and applicable in an era of open data,
faster computation, and enhanced methods for visual communication.

1.1 GEODEMOGRAPHICS

Geodemographics are smallea classifications that provide summary indicators of
the social, economic and demographic characteristics of neighbourhoods. They are
based upon the fundamental premise that place and population are inextricably
linked with one other. Knowing about whesmmebody lives, can reveal a lot of
information about that pe&d 2 Y Q& A RSy (R&e§ 2007) & QotioB Kkt is
fundamental to the spirit and purpose of humaeography. Singleton et aq10)
describe how geodemographic modelling of neighbourhoodditions presents a
successful and applied approach to understanding sspatdial differentiation at

the neighbourhood scale, that is widely used in the public as well as the private
sector to predict the consumption of product, services and resources.

GS2RSY23INI LKAOA KIFa F NAOK KAAaAG2NBSE GKI
deprivation and poverty of London in 1889. This precedes the work of Marr (1904),

who mapped housing conditions of Manchester and Salford based on their housing
conditions, and established a tradition that can be traced through the work of the
Chicago urban ecologists in the 1920s and 1930s, social area analysis of the 1950s
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and factorial ecologies of th#960s and 1970s to the work Webber (1979 and
Webber and Crai¢1978), who sought to identify deprivation in inner city areas of
Liverpool. After this, many commercial companies contributed to this field
(Experian, Nottingham: MOSAIC, CACI, London: ACORN) (Sleight, 2004). Today,
geodemographics is even more popular witte emphasis on creating bespoke
geodemographic classifications in health (Farr and Evans 2005; Shelton et al. 2006;
Peterson et al. 2010), policing (Ashby and Longl®p5® education (Singleton,

2010 and local government (Longley and Singleton, 20@03heir current form,

the use of geodemographics is in both public and private sector projects (Birkin et
al. 1996 (Peterson et al, 2010).

Geodemographic classifications continue to use census data as the principal data
source for neighbourhood segmerian. Census data cover a wide range of
attributes regarding demographics and soeelonomic characteristics of the
population. However, over the last decade or so, commercial companies have come
to use other data sources in addition to census data. Tlisgta sources include
lifestyle surveys, financial measures data, property characteristics data, County
Court judgements, credit card data etc. This list of data sources to create
geodemographic classifications is not exhaustive, but the motivation fog ukese
sources has lain in the quest to devise ever richer and more relevant depictions of
small area conditions.

1.2 MOTIVATION FOR THIBESIS

The motivation for thidPhDarises from the need to create open geodemographic
information systems for improvepublic service delivery and decision making.

Hitherto, geodemographic classifications have been created from static data
sources which do not necessarily reflect the dynamics of population change in
modern cities. Census data have been the main sourceesiting geodemographic
classifications: however, they are usually collected at infrequent (usually decennial)
time intervals in different countries. Thus at the time of writing (September 2011),
the most recent available census data for United Kingdonf@réne year 2001. In
view of the scale and rapidity of changes consequent upon regional, national and
international migration, alongside a range of changes in household composition and
built form, commentators (particularly with interests in commercial

20
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geodemographic systems) have argued that updating for tntersal periods is in
order. Data are increasingly available in near-eae and could be integrated to
ONBIFGS Y2NB (SYLRNIffte NBaLRyaArAgdS adaiaSsSy
initiative inthe United Kingdom (sebttp://www. data.gov.uk), many data sources
have been made public, and it has became possible to create bespoke local area
classifications in redlme. The ONS Ness Data Exchang#ffite for National
Statistics 2009)and London Daa Store (London Data Stor2010 are examples of
derived data sources and products in which live feeds of data have been available
using innovative application programming interfaces (APIs). In addition, static data
can be downloaded from a wide rangeaiher web locations and could be used for
various purposes. All of these possibilities enable us to create geodemographic
information systems which could exploit these data sources in building
geodemographic classifications.

A closely related issue is tlipenness of the classifications that can and have been
produced. Many commercial companies create and sell their geodemographic
classifications, but for obvious commercial reasons do not disclose the precise data
sources used, their provenance, or the metls used to build them. The nature of
these classifications is thus essentially closed and users are required to proceed
without the knowledge of data and methods used. This makes public scrutiny very
difficult for these classifications, and also raisssieés of user accountability. While
public consultationis becoming popular in various areas, it is also of demonstrable
importance in geodemographickdngley & Singleton, 20Q9)oge¢her these issues
raise the need to build classifications where the imfiation regarding the data and
methods used are open to public. Also there is a need of the verification of the final
classifications produced either by expert users or by public consultation.

Each of these issues prdes the motivations for this Phi2search, with the aim to
develop open geodemographic information systems which could produce free and
open classificatiog) in ways that are sensitive to user requirements and which can
be interpreted by the user at various stages in the classification psoces
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1.3 AIMS AND OBJECTIVES

The aims oftie PhDare twofold. Firstthe aim & to explore different data sources

for their inclusion in creating more open and responsive geodemographic
classifications. Second, the aim is to design and develop an opemasefproduct

for building local area bespoke geodemographic classifications. This software
product will enable the users to control how they produce a geodemographic
classifications.

These aims will be achieved by the following objectives:

Investigate gedemographic classifications, and how they are
produced

Build a novel data source of family names that could provide an
international benchmark for geodemographic analysis. This entails
accessing diverse data sources with different data structures, and
the creation of a large and complelataset

Develop analytical visual methods for data aggregation, monitoring
and exploration of the composite data source created in the
previous objective.

Review different data sources available in the public domain and
investigate the potential for their inclusion in creating
geodemographic classifications. This will also involve the
development of a welbased service for extracting livéMLfeeds of
data from an online data source.

Investigate the utility of different ckter analysis techniques to build
geodemographic classifications. This will be followed by technical
work on the optimization of clustering algorithms (specificdly
means) to allow users to build open geodemographics quickly and
efficiently.

Design and evelop a pilot software utility that will enable users to
create geodemographic classifications. This software utility will be
tested through creation of a number of bespoke geodemographic
classifications.

22
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Detailed specifications of each objective are deped in individual chapters. As
such, theprimary motivations for the PhBre both methodological and technical. It
will investigate the development of new data sources from of view of creating
geodemographic classifications. Data sources available irptisic domain will

also be investigated for their inclusion in the classifications, and the methods for
building geodemographic classifications will be investigated and enhanced in order
to allow classifications to be produced in r¢iahe. The concludinghapters of this
thesis will discuss the design, development and testingddsktopsoftware utility

for creating local area bespoke geodemographics classifications.

1.4 METHODS AND OUTPUTS

As described above, this thesis is a mix of methodological discuand technical
software engineering concepts. The thesis starts (Chapter 2) with an overview of
geodemographic classifications and the methodology that underpins their creation.
Chapter 3 describes the creation of a very large datarce of family nams from

26 countries around the world. This data source is created by aggregating data from
a number of telephone directories and electoral registers. Chapter 4 takes the
international database of Chapter 3 a step further by devising a visualisation
strategy for a huge geographical data source across a range of spatial scales. This
chapter discusses different visualisation techniques and their advantages and
disadvantages in different circumstances. To this end, the thesis emphasises use of
a single indicer (in this case a surname) to pioneer deployment of a range of
visualisation techniques across a full range of geographic scales.

While Chapters -8 emphasise database design and visualisation principles applied
to a single indicator, Chapters 5 discesa fuller range of data sources available in
public domain for their possible inclusion in creating geodemographic
classifications. This Chapter investigates the variables and spatial coverage of the
data sources. Anethodology is also devised for tleeeation of a web service for
extracting live xml feeds of the data from an online data source. This is important if
classificationsre to be created in redlme using live feeds of data from a number

of data sources.

Once the data sources have been invwgsted in sufficient detail, Chapter 6
emphasises on the methodology of creating a geodemographic segmentation. This
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Chapter discusses cluster analysis in detail, and discusses different clustering
algorithms and assesses their relative efficacy in-tiga¢ environments. Different
optimisation ofk-means clustering algorithms are devised and explained from the
view of creating geodemographic classifications quickly and efficiently.

Chapters B implementthe data and methods discussed earlier in the thesis
Chapter 7 emphasises the design and development of a public domain software
utility, ‘GeodemCreator'. This software utility enables users to create their own
bespoke geodemographic classifications. Chapter 8 discusses the implementation of
'‘GeodemCreatdr in the creation of a number of open geodemographic
classifications.

Thus the main outputs of this research are:

¢ Interactive websites for visualising very large socioeconomic datasets
across a full range of spatial scales.

e An optimised version of a clusiag algorithm k-means) for
purposes of creating classifications in reale environments.

e The design and architecture of '‘GeodemCreator' which is a publicly
available software utility for building geodemographic classifications

e The software ((GeodemCrea') itself.

The software utility ‘GeodemCreator' will be made available to download from a
web link with an outline user guide, so that users can download the software and
create their own bespoke classifications.

Published work arising from these felifent activities is detiled and included ithe
Appendixl section
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1.5 THESIS STRUCTURE

The thesis is organised into nine chapters. Each of the seven core chapters
addresses one or more of the six objectives specified in section 1.2.

A brief introdudion of each of the chapters is given below:

CHAPTER 2: GEODEM@BRIC CLASSIFICATHSON

This chapter introduces the concept of geodemographic classifications, and
describes their rich and varied history. It continuous with discussion on the ways in
which the current generation of geodemographic classifications are created by
commercial companies. This chapter also discusses how geodemographic
classifications differ from other social statistics, and provides a thorough critique of
the diffusion and use of gelemographic classifications. It also emphasises how
classifications are created with a thorough description of data and methods used. In
the final part, this chapter introduces international geodemographics classifications
and various problems relating toontent and geographical coverage of the data
used to create them. This chapter lays out a motivation for the creation of a data
source of family names from around the world.

CHAPTER 3: CREAT@NA GE®REFERENCED GLOBAVUBRADATABASE

There are numerouand innovative sources of data which have hitherto not been
exploited in the creation of geodemographic classifications. This chapter discusses
the creation ¢ a database of surnames from 26untries around the world. This
database contains useful informi@n about the migration, social mobility, and
ethnicity (Mateos, Webber et al. 2007). The chapter is divided into two parts.

The first part discusses the ways of extracting attribute data from different data
sources and storing them in the database. tarss by discussing naming
conventions around different countries of the world and discusses the sources of
the data (telephone directories, electoral registers, etc) that can be used to
generalise about them. This continues with the discussion of thergieoencing of
names and address data extracted from telephone directories in particular. This is
important for visualisation of the names data. The chapter also explains how the
data are saved in Oractlatabasen the form of database tables and entitids the
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subsequent discussion, the overall structure of thWotldnames' database is
described.

The second part discusses the extraction of attribute data from graduated map
data. This part explains the process of extracting attribute data from scanned ma
images. Chinese maps were used as an example dataset. This part explains the
algorithm used to extract the data from the maps and how the data are stored in
the database.

To an end, this chapter describes the development of innovative procedures to
estalish a consistent international database which potentially provides the spatial
data infrastructure to an international geodemographic system. Moreover,
classification of the individual names data provides valuable information about the
cultural, ethnic ad linguistic patterning of different parts of the world, as well as
evidence concerning the soeexonomic and demographic characteristics of
neighbourhood areas.

CHAPTER 4: GEBOSUALISATION OF WIERLD NAMES DATABASE

The research described in this chapdescribes the development of mukcale

web tools for visualising the data sources created in chapter 3. It discusses and
explains different gewisualisation techniques and the visualisation of the
'‘Worldnames$ database. The chapter begins by desagp the different web
mapping platforms and visualisation techniques that are in current use. The relative
usefulness of static map renderers, slippy maps, APl based map services and flash
maps are all described in detail. This section also explains thantabes and
disadvantages of each of the available techniques.

The Chapter goes on to explain the architecture and design ofWtteeldnames
flash website. This includes project specification and user requirements,
justification of using flash over otheveb mapping techniques, web application
design (using appropriate stateansition,class and use case diagrams), and a data
flow diagram of the web application. The screen shots of 'Werldnames beta
website are given and explained, which then letmishe development of the final
version of the'Worldnames website with a modification in the visualisation
strategy (i.e. the choice between 'grid based flash maps' and 'administrative
boundaries flash maps’).

The final section of this chapter chartiset success of the website success and its
promotion in leading news outlets across the world.
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CHAPTER 5: DATA SGHER REVIEW

Chapter 4 documents the use of a single indicator variable (surname) to produce
statistics and visualisation. Gedeomographic sifastions are based on multiple
indicators of socieeconomic characteristics, and Chapter 5 discusses the data
sources available in the public domains and could be used for building bespoke
geodemographic classifications.

First part of the chapter dissges the creation of a web service for extracting data
from the ONS N8S (Neighbourhood Statistid3ata Exchange (Office for National
Statistics, 2009)This API provides live XML feeds of data for a number of data
sources available in the public domairhis web service is important from the point

of view of creating realime geodemographic classifications where data is
integrated from a range of different online data sources. This section explains the
architecture of the web service.

The second part ofhis chapter explains the data sources available in the public
domain that might be used for creating geodemographic classifications. Variables in
each data source are explained with the description of their spatial coverage.

The third section explains thareation oftwo data source from the amalgamation

of London's land registry house price data with the ethnic classification of the Great
Britain Electoral Roll. Onomapléteos,2007) was used to code names data to their
corresponding ethnicities. The etltity information and London's Land Registry
house price data were joined arnidlo new data source werecreated.These data
sources could bevery useful resourcefor exploring socigconomic distributions of
different ethnic groups in London.

The final sction of this chapter outlines the variables those could be used for the
creation of geodemographic classifications.

CHAPTER 6: CLUSTERAIA'SIS FOR THE OREW OF GEODEMOGRKPH
CLASSFICATIONS

Geodemographic classifications are created using clusi@lysis of soci@conomic

data. Cluster analysis combines/groups similar items into categories based upon an
over-all measure of homogeneity. This chapter discusses relevant cluster analysis
procedures in detail.

The first part of this chapter explains @ifént clustering algorithms. These
clustering algorithms include hierarchical clusterindgg-means clustering,
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partitioning around medoids (PAM), and genetic clustering. This part explains the
use of k-means for creating geodemographic classifications, amglains the
instability of the basick-means clustering algorithm. Later, a detailed comparison
of k-means,Clara (Clustering Large Applicatigrem)d genetic clustering algorithms

is given using OAC (the ONS Output Area Classificgiimkers and Ree2007)
dataat three different spatial levels. This comparison is important from the view of
evaluating different clustering algorithms for their relative performance in-tiead
environments.

The final part of the chapter sets out recent computatiomaprovements ink-

means clustering. This includes using principal components analysis (PCA) on the
dataset before applying thek-means clustering algorithm, and a parallel
implementation of k-means on Nvidia's graphics cards using CUDA (Computer
Unified Deice Architecture)larish &Narayanan2007).

CHAPTER 7: FUNCTIOMAD TECHNICAL ARRATION SPECIFICATIO

Previous chapters have discussed the need to buildingtireal geodemographic
classifications, where the methods and tools of building the claasidns are open

and known to the users and public scrutiny. This chapter provides the proof of
concept that these kinds of tools and methods can be developed in practice. It
discusses the functional and technical specification for the development of a
desktop software utility 'GeodemCreator', that can be used to create bespoke
classifications. The application specification defines the overall functionality
included in the software in the form of textual information and flow charts. The
technical applicatio specification defines the intended audience for the software,
the operation environment required, the software scope, and the technology that
can be used to develop the software. This part also describes the design and overall
structure of the software.

CHAPTER 8: A PILCHOBEMOGRAPHIC DEGNSSUPPORT SYSTEM

This chapter describes the use of 'GeodemCreator’ for building bespoke
geodemographic classifications. The use of the classification in practice is illustrated
using screen shots of the softwareantion, along with detailed descriptions of how
users can create their own classifications.

This chaper explains the creation of thredifferent geodemographic classifications
using '‘GeodemCreator'. Outputrda ClassificatiofVickers& Rees, 2007)ata was
used to create the first two classificationghird classification was created by using
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Output Aea ClassificatioVickers& Rees, 2007) data and an ancillary data source

27
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Chapterno3RSaONAO0Sa (KWV2QARRBRYGENBR Q2 RIGKS I #S o
classificationgreated in this chapter are

An output area classification of Greater London: This geodemographic
classification is the output area classification of Gredtendon. This is
created by using the output area classification (Viclé&rRees, 200/data

for Greater London.

An output area classification of the United Kingdorhis geodemographic
classification is the rereation of the output area classificatiareated by
(Vickers & Rees, 2007This demonstrates the creation of a national level
classification using 'GeodemCreator'.

Ly 2dzi Lddzi | N2 yR2Yr@ St WR2 RizKy A 0Q Of I &
London: This case study described the creation of arpwdutirea level
Y329002y2YA0 YR SiKyaAOoQ OflFaaArTAoOol dasz
WDSF2RSY/ NBFU02SNR® ¢KA& OF&asS addzRe 3IA
local area classifications using census data and other ancillary data sources.
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2 CHAPTER 2:E®DEMOGRAPHIC CLASSATIONS

2.1 AREA CLASSIFICATIONS

Area classifications provide a unique way of viewing zonal geographies that bring
together a range of variables, in order to identify similarities between areas
(Webber & Craig 1978) independent of thiications relative to one another. The
idea of area classification is not a new ortee human mind tends to group
different things into categories; we tend to live near people we are similar to
ourselves, in terms of social structure, economic conditiamsl cultural behavioral
values. Figures 2.1 and 2.2 illustrate this idea. Figure 2.1 shows the concentration of
Bangladeshi people living in London, while Figure 2.2 shows the concentration of
Hindi people residents. There are clear groupings of peopen fdifferent
communities living in areas of London which are closer to each other. The source of
Figures 2.1 and 2.2 lgtp://www.londonprofiler.org, and the shaded areas are unit
postcodes.

Figure 2.1 Conentration of Bangladeshis living in London
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Figure 2.2 Concentration of Hindi people living in London

Group or Area Classifications can be seen everywhere. Figure 2.3 and 2.4 show a
different example. These figures show the concentration of two surreameésreat

NAGEFEAY® CAIdzNBE Hdo akKz2ga (GKS O2yOSyd NI
aK2ga GUKS O2yOSYyidNYGA2Y 2F adaNyYyIlFYS W KS
AngloSaxon surnames, they are concentrated in different geographic areas. This
shows another example of grouping. The source of figures 2.3 and 2.4 is
http://gbnames.publicprofiler.org
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There are groups and clusters everywhere around us. The idea of area classification
is a core part of human psychology, and it forms the basis for geodemographic
classification.

2.2 GEODEMOGRAPHIC CURKERATION

Geodemographics can be described by more thaa definition. (Sleight 2004:8)
RSAaONAOSR 3IS2RSY23INILIKAOA Fa daGKS Lyl fe
Gt 20t A0 & GewderNdgréphidsya® Srdall area classifications that provide
summary indicairs of the social, economic and demographic characteristics of
neighbairhoods. Geodemographics works on the concept that place and
population are linked with each other. Knowing about where somebody lives, can

reveal a lot of information about that persdiickers and Ree2007).

DS2RSY23INFLKAOA 3IS0ia LIR2eSNI TNRBY ¢20f SNR&
G9ODSNRUKAYI A& NBfIFIGSR G2 SOSNRBGKAY3I St
GK2aS FIFENJI FLINOE 0¢20f SNI mpT 110 dhativd2 RSY 2 3
residentialneighborhoodghat are close to one another are most likely to be similar

than the ones that are more geographically separated. Geodemographics analyses

the socieeconomic attributes of the population and groups the places in claskes

different sociceconomic structures.

Geodemographic classifications group areas into modest numbers of categories
(typically between 10 and 50) and typically clase#jghborhoodsat two or more

hierarchical levels: for example, the five Categoriest tmake up the top level of

the commercial ACORN classification (CACI Ltd., London) are divided into a total of

17 Groups at the secondary level, and these 17 Groups are divided into a total of 56
Types at the lowest, tertiary, level. The characteristfseach class within the

typology aresummariedo &€ | f 1 06Sf oS®3ad a/ AbGe [ AQGAYy3T
other descriptive material such as photographs, montages and videos. These
multimedia are used to give users of the classification a clearer stateting of

the characteristics of the underlying population.

Geodemographics have a rich histofyhar development continues tradition of
sociospatial differentiation in human geography and urban sociology which
extends over an 80 year period to fortnee work in urban ecology and social area
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analysis(see Batey and Brown 1995 and Harris et al. 2005 for reviews and
interpretations) The term was first coineith the 1970s in work seeking to identify
deprived inner city area@WVebber 1975; Webber and Craig 1978he success of
these public sector applications led to the commercialization of geodemographics
during the 1980s when the approach became widely used in the private sector as a
method of target marketing(Birkin et al. 2002) More recently, public sector
applications have moved somewhat to the fdtengley 2005)with applications in
health (Farr and Evans 2005; Shelton et al. 20@®)licing (Ashby and Longley
2005) education (Singleton 2010pnd local governmenf{Longley and Singleton
2009) In their curent form, the use of geodemographics is in both public and
private sector projects (Birkin et al. 1996 -%8).

2.3 HISTORY OF GEODEM@BIRICS CLASSIFICATICAS A SOCIAL
MEASUREMENT

Geodemographics classifications have a rich history. This section desthibe
developments in geodemographics classifications in three eras.

a) Pre 1981 developments
b) Post 1981 developments (1982005)

c) Recent developments

‘2.3.1 PRE 1981 DEVELOPENEN

Geodemographics can be thought of as having its origins as Charles Bdokisan

studies of deprivation ah poverty of London in 18891899. Charles booth visited

different streets of London and categorised the streets into 7 different groups,
based on observed indicators of poverty and deprivation. This was the first
classificiion of areas into homogeneous groups, and formed the foundation of
3S2RSY23INI LIKAOA 2NJ I NBI OflaaiAfTAOFIlA2y ®
poverty map of London, and Figure 2.6 shows the 7 categories of the map. This map
provides a remarkable ergple of how areas having similar characteristics of
population group together and form a classification.
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Figure 2.5/ K NX S&a . 220KQ& LR OSNIe YIL 2F [2Y

Source: lfttp://booth.l se.ac.uk/cgbin/do.pl?sub=view_booth_and_barth

BLACK: Lowest clasz. Vicious,
setr- crirninal.

DAREK BLUE: Very poor, casual

Chrome want.

LIGHT BLUE: Poor. 185 to 21z a
weelk for a moderate family

PURPLE: Mized Some comfortable
others poor

PINK: Faitly comfortable, Good
ordinary earnings.
RED: Iiddle class. Well-to-dao.

YELLOW: Tper-middle and Tpper
clazzses Wealthy

A combination of colours - as dark blue or
black, or pink and red - mdicates that the street
contains a far proporiion of each of the classes
represented by the respective colours,

Figure2.6/ KI NX Sa . 220KQa asS@gSy OFGS3az2NrRSa 27F [ ;

Source: lfittp://booth.Ise.ac.uk/static/a/4.htm)
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A second historical example of athwould now be described as geodemographic
classification is found in the work of T.R. Marr. Marr (1904) mapped housing
conditions of Manchester and Salford. He created a map that divides the areas of
Manchester and Salford into 10 different categorieaseéd on their housing
conditions. Figure 2.7 show the Marr map of Manchester and Figure 2.8 shows the
legend of the map.

Figure 2.7 Part of the Marr map of Manchester

Source :lfttp://manchester.publicprofiler.org/marr)

I ofrices, warenouses, etc.
[ works, Factories, etc.

Rallways, Stations, Sidings,
|:] Canals, Docs, River Irwell,
Ponds, ete.

I ack-to-back houses

I s proventy
Converted back-to-back
B oty

E=3 Property which complied with
earlier Bye-laws

_ Property which complies with
modern Bye-laws

[ | surburban houses with gardens

- Public Parks, Recreations
Grounds, & Cemeterles

Figure 2.8 The 10 categories of the Marr map of Manchester

Source :littp://manchester.publicprofiler.org/marr)
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In 1970s Richard Webber contributed to geodemographassdications by seeking

to identify deprived inner city aregsVebber 1975; Webber and Craig 19#8yure

2.9 show the map of the social area study for Liverpool city in 1971. This map
categorises Liverpool into 5 groups basetthe social status of the areas.

Figure 2.9Liverpod Area Study (1971)

2.3.2 POST 1981 DEVELOPENIE (1981 2005)

After the dissemination of 1981 UK Census of Population results, area classification
saw lots of progress and development in the private sector. Commercial companies
who paid to be licensed userg 8981 Census data created categories of areas by
using the socieeconomic variables. ACORN, PiN, Mosaic, and Super Profiles
developed the private sector market during mid 80s. Commercial companies also
used new ancillary data sources for the creation @@demographics classifications
and it has taken geodemographics far from just being based on a census data
source. Electoral Registers, In the UK, Country Court Judgements, credit reference
agency data, vehicle registration data, and lifestyle surveys haea used as the
other data sources for the creation of geodeomographic classificafidagis et al
2005).
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From 2001, UK Census data became free (tinvaek hitherto been a license feaf
£250,000 approx), and this further increased the popularity addgenographics

with an opportunity for smaller companies to create geodemographics
classifications. With the increase in computing power and reduced costs of the
data, it has now become possible for a single person to create a classification on his
or her ome PC. This does not require the resources of a whole company or state of
the art computation devices to create the classifications. A large number of new
companies have entered the market with their own geodemographics products.
Table 2.1 lists the namesf different organisations and their geodemographic
classification systems available.

Organisation Classification

CACI ACORN

Experian Mosaic

EuroDirect CAMEO

Claritas PRIZM

Acxiom Personicx Geo

AFD Software Censation

Allegran Gnuggets

Beacon Dodsorth P2 People and Places
Business Geographies Locale

The Clockworkds/TRAC SONAR

GeoBusiness Locale

ISL RESIDATA LIFETYPES
Streetwise Analytics LIKEWISE

Table 2.1 Some Geodemographic systenavailable

‘ 2.3.3 CURRENT DEVELOPEMENT

The use of geodemographic classifications is now becoming popular in different
areas with applications ihealth (Farr and Evans 2005; Shelton et al. 20p6)icing
(Ashby and Longley 200Q5gducation (Singléon 2010) and local government
(Longley and Singleton 2009Beneral purpose and bespolclassifications are
being created by public and private organisations and academic researchers. Census
data have remained the core data source for creating geodemographics
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aSavySydldAazyao .dzi F2tft26Ay3a W2LISYy RIFGFQ
made public, and it has in theory become possible to create bespoke local area
classifications in redglme or on the fly.The ONS N&SData Exchange (Office for
National Statistics, 20093 an important open data source, where users can get
feeds of cesus data by using the API. Thendon Data Store (London Data Store,
2010)has been created by the Greater London Authority as an initiative to make
London's data free and accessible to all. Now programmers and data analysts can
use thousand of data soursdn addition to census data to create their own local
area classifications. Crime Data have also been made public by UK Police in an
initiative to the open data policyhttp://www.police.uk). This enables general
users, data analysts and programmers to pméatest crime data either by
downloading the data or getting live feeds from the http://www.police.uk website.

Computing equipment has seen major development with the increase in
computation power almost fivefold in the last decade. Cloud computing is
becoming cheaper and easy to use for the general public, which is bringing
increased computation power to bear on fast transactions andiea processing.
Amazon (2010) has launched their EC2 cloud, which is a parallel computation
architecture for runningcomputationally intensive algorithms and processes.

Taken together, these data and computational power improvements are also
creating the infrastructure for bespoke local area and #teéak geodemographics
classification systems.

2.4 HOW GEODEMOGRAPHICLASSIFICATION DIFFERRROM OTHER
STATISTICAOURCES

‘2.4.1 GEODEMOGRAPHICS MB (INDEX OF MULTEPDEPRIVATION)

Created by theBritish Department for Communities and Local Government, the
IMD (Index of multiple deprivation) is a measure of deprivation (hapjsimade
available at the small area levgDepartment of Communities and Local
Government (2011))Thus, the higher the deprivation index is, the more deprived is
the area and vice versa. The Index was conceived by the Social Disadvantage
Research CentréSPRC) at the Department of Social Policy and Social Work at the
University of Oxford. The IMD is based on the idea of distinct dimensions of poor
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physical and social conditions which can be recognized and measured separately.
These are experienced by peeplliving in the area. The overall IMD is
conceptualized as a weighted area level aggregation of several constituent
dimensions of deprivation. The new IMD is a lower layer super output area (LSOA)
level measure of multiple deprivation and it has been depell by using seven
constituent LSOA level indices. Each domain in turn comprises a number of
variables to assess the level of deprivation in a LSOA area. Once a score is achieved
for all of the constituent domains, a weighting procedure is used to caéle
average IMD of each LSORe following table lists the seven IMD domains with

the corresponding weights that are assigned to them.

Weight (%)

Income Deprivation 22.5
Employment Deprivation 22.5
Health Deprivation and Disability 13.5
Education, Skills and Training Deprivation 13.5
Barriers to Housing and Services 9.3
Living Environment Deprivation 9.3
Crime 9.3

Table 2.2 The seven domains of the 2010 IMD

Source:http://ww w.communities.gov.uk/documents/statistics/pdf/1870718.pdf

The IMD is different to geodemographic indicators in that the specialised remit of
the IMD is to record the level of deprivation in a particular area and has limited
applications. The IMD has a nbsar of uses in government policy, where there is a
focus on the implications of high deprivation at the local level. The remit of
geodemographics is usually somewhat broader, however, and is not usually focused
upon the lowest socioeconomic echelons.

Another difference is the scale at which the different indicators are usually created.
The IMD is created at the LSOA level. However, geodemographics classifications
exist for much finer spatial scales, namely UK Output Areas and Unit Postcodes.
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2.5 A CRITICAL REEW OF GEDEMOGRAPKILASSIFICATIONS

Over time, the following critiques have been developed of geodemographic
classifications.

2.5.1 DOES ONE SIZE FITAIHE NEED FOR BESPOKASSIFICATIONS

Most geodemographic classifications divide areas in Unitedddmginto apre-
specified number of categories This, for example, the ONS Output Area
Classification (OAC)assifies eaclktensus Otput Area in the UK into one of seven
broad categories. Butguestion remains,do those seven categorieadequately
account br the characteristics othe population in the Output Areas in a sufficient
level of detail for a given applicatior&ngletonand Longley(2009 emphasize the
need for local area bespoke classificatioms their chosen application domain
Current classitations are created with the national coverage and they do not
account for local level variations in the data. With the use of different data sources,
application specific classifications can be devised for local areas. These
classifications have been sgssfully demonstrated across a variety of areas, and
there are many more sectors which could potentially benefit if the methods of
construction and interpretation were more accessible. Decennial censuses of
population have in the past been appropriate fareating geodemograplsc
classifications, but the faraching and rapid changes that todajparacterize
population characteristics and structure maké increasingly necessary to
supplement census sources with data that are more timely and relevant to
particular applications.

Better and more intelligent integration of a wider range of available data sources
can open new horizons for depicting salient characteristics of populations and their
behaviags. The art and science of creating geodemographic ¢ieassons has
always been about much more than computational data reduction, and a key
consideration in this quest is the availability of decision support tools to present
areal data from a range of attributes in a format that is readily intelligible #® th
user. Thus, for example, in devising a local indicator of future risk of obesity, it
might be appropriate to use data sources that variously measure demographic
structure, school attainment, deprivation and existing health problems. In
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assembling such soces together, the analyst should be made aware of issues of
data collectionnormalization weighting and data reduction methed

Census data remain the main source for creating these classifications, and they are
also used for academic studhecausethey arethe only spatiallydetailed dataset
freely available But careful choice of census variables does not invariably account
for the salient differences in the population of different areas. Also,
geodemographic classifications assign an area to aestigbs or group. This also
means that everyone living in a given small area has the same characteristics, which
is rarely if ever the case. (Voas and Williamson, 2001) provide a critical review of
geodemographic classifications by identifying that there more differences found
within particular classes than differenedound betweenclasses. Small areas are
different in many different ways and a few dimensions do not provide enough
information to describe an area fully. Geodemographic classificationsaaceount

for some of the diversity but do not account for the complete diversity of the areas.

2.5.2 OPEN METHODS

There has been considerable critique arising from the closed nature of commercial
geodemographic classificatioris. their current form, commeial geodemographic
classifications are created in silos by expert producers, most prevalently with closed
methods and little documentation of the data inputs; the weighting and
normalizationproceduresare not disclosedand neither isthe exact method of
clustering.Users only get the final classifications after areas have been grouped
into different classes and they have to accept what they are gikzengley et al
(2009) critique the closed nature of geodemographic classifications and form the
view that there is a need for more open methods. These open methods are
expected to be transparent in explaining all the procedures employed to build a
geodemographic classification. Thus there is a need of a clear documentation about
the method of selecting variabé and their weightings, the normalization
techniques employed, and the clustering algorithms used. Open methods will
ensure that users have more confidence in the geodemographics classifications that
they are using.
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2.5.3 PUBLIC CONSULTATION

Another critiqueabout geodemographics classifications is their closed nature and
lack of openness to public scrutiny. In essence, users of the classification produced
these days do not have any ability to give a feedback about the classification and
alter the classificadn in any sense.ongley and Singletof2009)addressed some
concerns about geodemogphic classifications being rarely transparent or open to
scrutiny or challenge. They created a tool calledsoEety profiler
(http://www.esociety.publicprofiler.org). The aim of the project upon whidhis

tool was based was to create a national classification of how people engage with
new information and communication technologies (ICTs). The authors describe how
this classification was opened to public scrutiny and challenge. Users can go on the
webgte, see the classification, and provide feedback about the classification. The
feedback may suggest a different class for areas for which users do not agree with
what they see. They assessed 50,000+ searches and 3,952 responses during the
consultation execise. This method of open public scrutiny and challenge to a
geodemographic classification make it more reliable and may also allow it to be
updated.

2.6 BESPOKE VS STANDARRBSSIFICATIONS

The increasingly complex, urbanized, and connected nature of hismttlement is
driving a demand for better contextual information to inform decisions about the
needs and preferences of people and the places in which they live and work.
Decennial censuses of population have in the past been appropriate for this task,
but the farreaching and rapid changes that today characterize population change
are making it increasingly necessary to supplement census sources with data that
are more timely and relevant to particular applications. Better and more intelligent
integration of a wider range of available data sources can open new horizons for
depicting salient characteristics of populations and their behaviors. The art and
science of creating geodemographic classifications has always been about much
more than computational dat reduction, and a key consideration in this quest is
the availability of decision support tools to present areal data from a range of
attributes in a format that is readily intelligible to the user. Thus, for example, in
devising a local indicatasf schal attainment it might be appropriate to use data
sources that variously measure demographic structure, school attainmand,
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deprivation. In assembling such sources together, the analyst should be made
aware of issues of data collection, normalisatioveighting and data reduction
method.

There is a need for thereation of more responsive and open geodographic
information systems. This woulguestion the authority implied by classifications
GKFG LzNLIR2 NI G2 LINBASy Ul Wd Sctivatonsdopthislzi A 2 v &
First, current classifications are created from static data sources that do not
necessarily reflect the dynamics of population change in modern cities. Data are
increasingly available at high temporal resolution and offer the po& to be
integrated with other traditional sources to create more timely systems. For
example, travel data recording the flow of commuters across a city network could
be used to estimate daytime population characteristics. A further example could be
extNF OGAYy 3 FNBIljdsSyidfe dzLRFGSR LI GASYyd NBIAA
to provide a more ugo-date picture of the residential composition of
neighborhoods A requirement for distributed and simple to use online
classification tools arises frowhanges in the supply of soegzonomic data and

the potential that this creates for end users to create new intelligence on socio
spatial structures. In addition to Census data that are collected every 10 years in the
United Kingdom, numerous supplemenyadata sources are becoming available,
some of which are already updated in near real time. The availability of such
resources will increase the potential to create more responsive and application
specific geodemographic classifications that will make e#s| acceptable to
uncritically accept the outputs of genesalirpose classifications as received
wisdom. Second, application specific classifications have been successfully
demonstrated across a variety of domains, and there are many more sectors that
could potentially benefit if the methods of construction and interpretation were
more accessible and transparentargue here that there is a need for wdlased
applications that enable the creation of general purpose geodemographic
Of FaaATAOIdA@YyRY YEKSAKSHF I AOFGA2yas GKS
time) classification inputs should be guided to fulfill the objectives of the problem
under investigation, with output from such analysis computed within a reasonable
wait time. The task of cading real time geodemographics by integrating diverse
and possibly disparate spatial databases raises a number of computational
challenges concerning dateormalizationand optimizationfor fast transactions. As
compared to the computational challenges geal in the past, real time
computational solutions in an online environment are becoming possible land
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anticipate that this will provide a stimulus to the development of real time
application specific geodemographic classifications.

2.7 HOW GEODEGRAPHIC &I&ICATIONS ARE ®OQWED

Geodemographic classifications are congmibyusing the following four steps.
a) Specification
b) Normalisation
c) Clustering

d) Visualisation

This section gives a brief introduction of these steps. However, more detailed
description can b found in other chapters.

2.7.1 SPECIFICATION

This is the first step in creating a geodemographics classification. The step concerns
with selection of data sources, selection of variables from the data sources, and
specification of weights for each variabldesged.

The data used to create geodemographic classificatigpisallyderive from any of

a range of secondary data sourdgsarris et al. 2005)Core to most classifications

are census data and some classifications (such as the UK Output Area Classification:
Vickers and Rees 2007) use no other source.

Commercial companies create their own classifications by using census data
alongside other data sources.tl@r data may be derivedrom behavioral or
FOGGAGAZRAYHE adz2NBSeéa oSo3aoe WiEATFTSadetSQ 4&d:
(e.g. county court judgments, directorships) and property information (e.g.
property tax bands).
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Table 2.5showsdifferent classifications and dataurces used in their creation.

Organisation Classification Systemr Number  Number of  Non-census data used?

of input  clusters

variables
CACI ACORN 7¢ a) 6
b) 17 No
c) 54
Experian Mosaic 87 a) 11 Credit data, CCJs, electol

b) 52 roll, postal address file
company directors, retai

access
EuroDirect CAMEO 48 a 9 No
b) 50
MicroVision 185 a) 11 Lifestyle data, compan

b) 52 directors, share ownership
c) 200 electoral roll, CCJs, ris

indices, unemploymen|
statistics
DEFINE 146 a) 10 Credit data, electoral roll

b) 50 unemployment statistics
c) 1050 insurance ratings

Claritas UK PRIZM +388§) a) 4 Lifestyle data, shart
b) 19 ownership, company
c) 72 directors, unemployment
statistics, postal address fils
births and deaths

SuperProfiles 120 (+1 a) 10 Credit data, CCJs, T(
b) 40 Electoral Roll
c) 160

Table 2.3 Geodemographic Clagications and data sources used

Source: Sleight (2004: 49)

Variables of other data sources (lifestyles surveys, credit dat@mployment
statistics, etg. differ from each other because of their availability from the
professional organisations colkzty data at different spatial levels.

After data sources have been selectedhesification of a geodemographic
classificationincludes the selectiof variables and the weigitg of their overall
importancein the classificationThis weighting insurethat a variable having high
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weighting is more important in the classification than a variable having low
weighting. Bespoke classifications tend to give more weightthmse variables

which areof importance inindicating local level variances in therget population.

For example, one might be interested in creating a local level classification for
Leicester to analyse theultidimensional characteristics @freas where most of

the people arerecent migrants. This classificatiamight give more weight to le
OSyadza OFNAI o6t S W. ayhithe btxivarieldeS. 6 KS | YQ (K|

A detailed review of commonly used dasmurces is given in Chapter Bata
Sources Reviety

2.7.2 NORMALISATION

Once the variables have been selected for the classificatim next stg is the
standardigition of the input data. This step transforms the variables into rates or
measures on the same scale enabling comparison. There are a number of
normalisation techniques used to standardise data. The most commonly used
techniques are-smres, range standardisation, and principal components analysis.

Z-SCORES

Z-scores are the most commonly used technique for standardising variables when
creating geodemographic classificationsscdres can emphasise the effect of
outlying observations inhe datasets, which may serve to highlight interesting
patterns within the data: however, such observations can also adversely influence
some clustering algorithms.

z-scores are defined by the following equation (2.1).

7, = S~ Jmemn (2.1)

Oy

Where vy; is the individual data valuey, ., is the mean of the data set, and, is
the standard deviation of the data values.
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RANGE STANDARDISATIO

Ran@g standardization is another normalization technique for standardizing the
variables. The ONS Output Area Classification (Vickers & Rees, 2007) uses range
standardization for normalizing the variables. Range Standardization normalizes
data values betweenhie range of 0 and 1. Range standardization is less sensitive to
outliers in the data set, but it can also obscure interesting patterns.

Range standardization is defined by the following Equation (2.2):

Yi = Ymi
R — i min (22)
ymax - ymin

Where vy, is the individual data valuey,,, is the lowest data value, angt__, is the
highest data value.

PRINCIPAL COMPONBEWALYSIS

PCA (principal components analysis) sfamms a number of correlated data inputs
into a series of new uncorrelated principal component scores. PCA has previously
been used in the creation of some geodemographassifications, but is utikesl

less in contemporary classifications. A disadvaatagusing PCA is that it can also
potentially erase some interesting patterns from the dataset.
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\273 CLUSTERING

The third step in creating a geodemographic classification is the creation of clusters
or homogeneous groups.

Thek-means clustering algorithm is used to create the finest level geodemographic
classes. Th&-means algorithmseeks to find the set of clustecentroids that
minimises expressior2(3) below.
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n n

V=Y >(z,—p,) (239

x=1 y=1

where n is the number of clustersy,, is the mean centroid of all the pointg, in

clustery. The k-means algorithm assigns a setroteeds within the data set and
then proceeds by assigning each data point to its nearest seed. Cluster centroids
are then created for each cluster, and the data points are assigned to the nearest
centroid. The algathm then recalculates the cluster centroids and repeats these
steps until aconvergence criterion is met (usually when switching of data points no
longer takes place between the clusters).

A detailed description of different clustering techniques anditlt®mparisons are
AIAPSY Ay [ KIFLIISNI ¢ G/ £ dzaGSNI FylLfeaaa
Of  aaATAOFIA2Yyas ®d

‘ 2.7.4 VISUALISATION

Clustering of data variables partitisndata items (in the case of creating
3S2RSY23INI LIKAO OflaaAFTFAOIGAAVOH2REBKESE O a Ads
homogeneous groups. Each area is assigned emtifter number representingts
égeodemographicst  a&dé¢ d ¢l 6t S Hdc &aK26a +y SEF YLIH

Cluster ID

Area 1l
Area 2
Area 3
Area 4
Area 5
Area 6
Area 7
X X

QWA IWIF[IN|F

Table 2.4 An example result of cluster analysis
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Finally, each cluster id is given a colour code, and theucalode can be used to
visuali® the result of clster analysis on a map. Figure 2slibws the @tput Area
Classification (Vieks & Rees, 200Tap around the area of Liverpool (OAC clusters
output areas in the UK into 7 homogeneous groups

Figure 2.10 An example result of cluster analysis

Chapter 8 develop some case studies of creating different geodemographic
classificions and explains the ways of visualizing the classification.
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