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Foreword

Land has many dimensions — social, cultural, functional and economic. It is
the space in which we live, underpinning all human activity — even a jour-
ney through virtual reality requires some physical space for the computer
that generates it and the traveller who experiences it. It is a basis for pro-
duction and a commodity that can be used to generate wealth through
investment. It is the most valuable item that the majority of people are ever
likely to possess.

Yet, our whole approach to land has been fragmented between different
professions and different perceptions. A land surveyor sees it as something
to measure while an anthropologist sees it as a factor in human evolution.
A lawyer sees it as a set of abstract property rights while an accountant sees it
as a financial element on a company’s balance sheet. Those who estimate its
market value claim that the three most important factors in determining its
worth are ‘location, location and location’ and yet until recently there has
been little scientific analysis and evaluation of this claim. Why is it that we
understand so little about the multitude of factors that influence one of our
most prized possessions? More importantly, how can we improve our
knowledge about land and the workings of the land market?

Many of the answers lie in this book and in Geographical Information
Systems (GIS) technology that helps us to analyse land and its many inter-
related components. The marriage between GIS and real property manage-
ment has been long overdue. Land and property data have been like a
sleeping giant waiting to be aroused but a new day is now dawning in
which the open flow of land-related data is leading to a new and more
precise understanding of the world about us. In focusing on the application
of GIS to land and property management this book seeks to demystify the
technology and review its actual and potential applications. As such it
should have a much wider appeal than just to the specialist. Although it
focuses much upon developments in the UK the underlying message is
global for there are many countries, especially those in economic transition
to a market-based economy, that are struggling with the problems of
developing a land market.



Foreword xvii

Both authors have considerable research and practical experience. They
have brought together the strands of an unfolding story in which one can
at present catch merely a glimpse of what is to come. Their contribution is
timely and significant and their efforts are to be commended.

Peter Dale, OBE
Honorary President, International Federation of Surveyors
2002



Preface

Land is a fundamental resource. The proper functioning of society and the
economy depends upon its efficient allocation and optimum use. Economic
output depends on the proper use of land resources. The effective use of
land is in turn dependent upon the proper functioning of the land market
and the efficient dissemination of and access to information about it. The
representative bodies of key players in the land and property market agree
that in the UK the proper management of land resources and the efficient
working of the property market are hindered by a lack of good quality
information. Better data, made widely available, will result in better quality
decision-making about land and property.

Land is a resource fixed in locational terms. Unlike labour and capital,
one unit of land is not directly substitutable for another because each unit
is unique at least in terms of its geographical location. Consequently the
locational aspect of land and property information is of vital importance.
Herein lies the significance of information systems that are able to handle
the locational attributes of property information and that can relate that
information to standard property management data sets.

Land and property advisors are beginning to recognise the opportunities
that new technologies such as Geographical Information Systems (GIS) can
offer. Often, when considering the impact of new technology, advisors have
tended to think of the application of particular types of software to discrete
tasks. Increasingly though, the potential of the digital property information
system as a valuable decision support tool is being recognised. Such systems
allow for rapid access to data about land and property whenever and wher-
ever they are required and the formulation of complex resource manage-
ment questions. As such, they present the property information manager
with a decision support tool that can be applied to a wide range of diverse
applications.

The aims of this book are to introduce the use of GIS as a tool for land
and property management by providing an insight into ways in which GIS
is being used by property people and examining the issues involved when
using GIS as a decision aid for land and property management. The book
introduces GIS as a technology, describes current practical developments
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and examines the key issues in the application of GIS to land and property
management. The book is divided into three parts which have the follow-
ing objectives:

1 To introduce digital mapping and GIS, together with a brief history of
the development of GIS and LIS, all with an emphasis on property.

2 To describe the spectrum of GIS applications in land and property man-
agement with selected case studies to provide detail for key application
areas.

3 To examine the issues drawn out from the above and provide guidance
and recommendations for future implementation and use of GIS in land
and property management.

Part I

Geographical Information Systems are a relatively new technology in com-
puting terms. Its origins lie in the development of computer graphics, com-
puter-assisted cartography and automated mapping techniques during the
1960s and 1970s and the parallel development of computerised informa-
tion management applications using database approaches. In the 1980s, the
development of the IBM Personal Computer and the Apple Macintosh
began a revolution in user-friendly and affordable computing and informa-
tion storage technology. Since that time we have seen rapid acceleration in
the speed and power of computer processing and graphics techniques, huge
expansion of data storage capacity and an increasing sophistication in the
user interfaces for programs and operating systems. In 1990, a software
package called AutoRoute, which uses GIS techniques to identify and meas-
ure road trips in terms of distance, time and cost, was the second biggest
selling computer software package in that year. Since the early 1990s, the
GIS sector has experienced very high rates of growth as the technology has
moved out of the specialist computer laboratory and onto the desktop. GIS
has been adopted across a range of application areas from infrastructure
management through environmental resource monitoring to social policy
formulation as users have become aware of its potential for managing and
bringing together their information holdings, many of which include a geo-
graphical component.

This part of the book introduces the concepts and key terminology of GIS
and considers how the technology can be used to represent and interrogate
geographical information. It addresses common GIS functionality and
explores the use of the technology for the query and inventory of resource
information before progressing to issues of data modelling and visualisa-
tion. It discusses GIS and Land Information Systems and the differences
between them and, as part of its review of GIS technology, introduces the
Internet and new communications technologies as new resources for han-
dling and delivering geographical information. All of the elements covered
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are framed within the context of land and property management and the
specific characteristics of this application area.

Part I

Land and property is a diverse resource ranging from rural land and agri-
cultural property through to urban and residential land uses and infra-
structure for transport and service delivery. It is unsurprising then that the
management of land and property involves a similarly diverse range of
activities. Unfettered access to accurate and comprehensive information is
vital to good property management decision-making. Part I illustrates how
GIS is being used to help collect, store, manipulate and present land and
property information as an aid to management decisions. The chapters
focus on those users who have invested in GIS to help manage and analyse
property information to help inform property decision-making at the oper-
ational and strategic levels. They consider, therefore, property market
agents, landowners, local authorities, lenders and insurers rather than envi-
ronmental agencies and market research companies whose interest in prop-
erty is often secondary to business or customer-focused decision-making.
GIS applications are considered from a business perspective in Birkin ez al.
(1996) and Grimshaw (1995).

Markets exist to transfer ownership of interests in land and property.
Some markets operate more efficiently and openly than others. The prop-
erty market has no centralised trading place and involves the conveyance of
unique ‘products’ that differ legally, physically and always geographically.
Expert advice is therefore often required during the transaction process.
The proper functioning of any market depends on ready access to market
information and the property industry has been criticised for its opaque-
ness. The government is keen to improve the speed at which property trans-
actions take place and are therefore currently reviewing the process in
England and Wales. The private sector also perceives a need to introduce
initiatives that improve the property transaction process: GIS is being
used as a tool at the marketing and conveyancing stages of a property
transaction.

Many owners and occupiers of and investors in property have portfolios
of interests and seek to manage them collectively. Where these interests are
located in close proximity GIS is often seen as a useful management tool.
Consequently local authorities pioneered the application of GIS in land and
property management. This is because many local government services
require the collection and management of property data within discrete
geographical areas. GIS is a tool well suited to the management of such
data. Similarly, utilities use GIS to plot cable and pipe networks, plan
excavations and assist in fault-finding.

Local authorities are also using GIS to assist their statutory planning
functions. Most development decisions require planning permission and
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local authorities are required to produce development plans. The use of GIS
in planning departments is now widespread in the UK and there are good
examples of GIS being used for, inter alia, plan-making, land charge
searches, development control and planning constraint notification.
Developers and, in particular, location-dependent businesses such as retail-
ers, are also using GIS to assist in site selection, store location, branch net-
work distribution and performance measurement. Here, land and property
data are combined with population demographics and business trading
data within a GIS to create a powerful decision aid. Some of the more inno-
vative and sophisticated applications of GIS can be found in this field.

Increasingly, lenders and insurers are looking to use GIS to help calculate
their risk exposure in lending decisions and premium calculations, respec-
tively. In terms of secured lending, property is probably the most prevalent
form of collateral and insurers have become much more aware of the
localised risk factors that can affect building insurance claims — recent
flooding has heightened this awareness. The use of GIS to analyse environ-
mental data such as geology, historic uses of previously developed land and
flood risk is of particular importance to lenders and insurers.

Finally, with regard to property market analysis, location has long been
recognised as the primary driver of property decisions but has been neg-
lected in terms of sophisticated geographical analysis. This has been blamed
on a lack of appropriate and easily understood analysis techniques and a
paucity of data on which to perform such analysis. The influence of loca-
tion on property value, development viability and business success has been
left to the practical experience and local market knowledge of the advisor.
It is not unusual to see paper maps on display in the offices of property
advisors, often colour-coded, showing the location of important places and
circumscribed by radii representing drive-times. These are paper-based GIS
but computerised GIS are starting to be used for market analysis rather than
simple data storage and geographical display. The analytical power of GIS
is beginning to be utilised in land and property management.

Part III

There are important information management issues that need to be
addressed if GIS is to become a vital tool for land and property manage-
ment. The final part of the book addresses these issues.

Chapter 9 focuses on issues of data and information that affect the use
of GIS. This concentrates on two broad areas. First, legal and administrative
issues of information management including copyright and data protection
legislation, problems of access to data, restrictions on use and licensing
agreements. Second, technical issues of information management are con-
sidered, such as data quality and reliability, the use and adoption of stan-
dards and the management of error in data. Chapter 10 explores factors
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affecting GIS implementation and different strategies for GIS develop-
ment, drawing on examples to illustrate the different approaches that have
been taken. The main function of this chapter is to draw attention to the
issues involved in implementation and to successful strategies for taking it
forward.

In the information age data can easily be assembled, shared and traded
irrespective of place. The National Land Information Service (NLIS) initia-
tive has lobbied for public access to information on the ownership, use and
price of land and property in the UK. Chapter 11 looks at the future
prospects for the use of GIS in land and property management. It considers
the embryonic NLIS and looks at some of the cutting edge developments in
GIS technology that might impact upon the GIS property professional.
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1 Setting the scene

Introduction

A primary goal of the study of geography is to try and increase our under-
standing of the world. One of the most important facilities in the scientific
toolkit of the geographer is the ability to collect, synthesise, analyse and
visualise data. Through the exploration of data we can test our theoretical
understanding or apply existing knowledge in specific cases to try and make
well-informed decisions about the management and use of limited natural
and socio-economic resources.

This book is about geography. More specifically, it is about how modern
techniques based largely around the use of computer systems for informa-
tion processing can be brought to bear on one particular aspect of geography:
the management of land and property resources. This area of activity has
been central to human society since the development of permanent settle-
ments. Records of land and property information can be found on the clay
tablet maps of the early civilisations of the Indus Valley, Sumeria and
Mesopotamia. The Egyptians used large-scale mapping for resource man-
agement on the Nile flood plain. Later, the Romans created large-scale
maps of land ownership based on the measurement of distances and angles
(Dorling and Fairbairn, 1997) while the masters of feudal Europe created
complex inventories of rights over land resources, the most famous being
the Domesday Book of William the Conqueror.

In the twenty-first century we have access to more information about land
and property than ever before. Space-borne satellite sensor platforms collect
enormous volumes of information on a daily basis at ever increasing levels
of detail describing the land cover of our planet. National governments hold
computerised databases of land inventory information and commercial data
suppliers provide wide-ranging information resources about land value and
land use. Employing this information effectively and maximising its benefits
are vital to the successful future development of our society.

Computerised approaches to geographical exploration, sometimes
referred to as ‘automated geography’ (DeMers, 2000) can be brought to
bear to assist those who need to maximise the benefits of modern property



4  Geographical Information Systems

information resources. Part I of this book is an introduction to
computerised approaches to the processing of information about land and
property, with particular focus on the core technology of Geographical
Information Systems (GIS) and the capabilities of these systems in handling,
analysing and visualising land and property information.

It is timely for property professionals in the UK to increase their awareness
of the opportunities that GIS can offer. The property sector now regards
information as a critical corporate resource and managing and analysing
this resource has become a high priority. The application of GIS technology
to the management and analysis of property information brings forward
numerous opportunities. Databases of property information can be created
to which access is sold; new analytical skills can be learnt to meet the
changing demands of clients and new business opportunities — made possible
by technology and information access — can be sought.

There are already numerous introductory texts of good quality available
about the technologies and capabilities of GIS and it is not our purpose in
this book to reinvent the wheel by presenting broadly similar material.
Instead, we have sought to summarise the basics of the technology and its
capabilities in this first part and in the later parts to present more detail
about the specific relevance of GIS methods to the application area of land
and property management.

Definitions and key terminology

We begin our exploration by introducing and discussing some of the fun-
damental terms that we will be using throughout this book and providing
some background on these concepts.

Land and property

‘Land’ refers to the physical resource represented by the surface of the
earth. For human beings, land is a fundamental resource that is essential for
all of the activities that we perform. A useful definition is provided by Dale
and McLaughlin (1988) who consider that land ‘encompasses all those
things directly associated with the surface of the earth, including those areas
covered by water. It includes a myriad of physical and abstract attributes
from the right to light or build upon the land to ground water and minerals
and the rights to use and exploit them’.

In economic terms, land is a factor of production. Land has utility, which
might be the growing of crops, the grazing of livestock or the extraction of
minerals. Such utility may be enhanced by constructing buildings that allow
the environment to be adapted for other uses such as living accommodation,
the manufacture and sale of goods or the provision of services. The term
‘property’ or ‘real estate’ refers to the combination of land and buildings.
Hence ‘property management’ can be defined as the set of activities
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whereby land resources are put to good effect and includes the following
processes:

e conveyancing, that is, the transfer of an interest in property from one
owner to another;

e valuation, that is an estimate of the financial worth of an interest in
property to a particular person for a specific purpose;
development or redevelopment of property;
management and maintenance of property;

e formation and implementation of land use planning policies and the
monitoring of land use;

e environmental assessment and environmental impact analysis.

The process of land management is predicated upon the subdivision of the
land into manageable regions or units. This subdivision can be based on
many criteria including rights of use or ownership, planning controls or
government policy and requires that we introduce a new entity: the land
parcel. A land parcel can be defined simply as a unit of land and the
processes of land management are usually concerned with individual land
parcels or groups of parcels.

Data and information

There is often considerable confusion about the use of these two terms, and
indeed the difference in the meanings that they convey is quite subtle. Let us
begin by considering the term ‘data’. We can define data simply as ‘records
of facts’ following the pragmatic suggestion of Larner (1996). To take an
example, the layout plan of a housing estate is a set of data. Individual data
items associated with this example might be the pair of X and Y co-ordinates
that define the geographical position of the corner of a building or the name
of the owner of the land on which the estate is constructed.

By themselves, data are inert. For example, data may simply be the
encoding of records of facts. In order for data to become ‘information’, we
need to assimilate, understand or interpret them in some fashion. To
achieve this we may need to classify or organise the data in order to convey
meaning. By analysing the data the user extracts the meaning (or an inter-
pretation of the meaning) and obtains information.

Geographical information

We can define geographical information as information that carries some
form of geographical or ‘spatial’ reference allowing us to pinpoint its loca-
tion in some fashion. Spatial references tend to fall into one of two cate-
gories that we will call numeric and symbolic references. A numeric or
direct spatial reference uses a co-ordinate system, usually in conjunction
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with a mathematical model called a map projection, to position objects
precisely in space. Examples of such systems include geographical
co-ordinates (latitude and longitude) and the Ordnance Survey’s (OS)
National Grid of Great Britain.

Symbolic or descriptive spatial references use less precise methods to
locate the object, but can still provide useful information. Examples, in
decreasing order of exactness, might be:

e A postcode such as WC1 1AA.
e A postal address such as ‘15 Acacia Avenue, Bromley, South London’.
e A written description such as ‘next to London Bridge’.

It is often cited that approximately 70 per cent of the data held by local and
regional governments and private sector organisations are geographically
referenced in some way. By capitalising on this fact and bringing computer
analysis techniques to bear on our geographically referenced information
we can maximise their usefulness.

Property information

We can define property information as information that describes the char-
acteristics of a defined unit of property such as a land parcel or a building.
Examples of property information might be the floor space of an industrial
property, the leasing arrangements on a commercial office or the price paid
for a house. Usually, a property will have a range of descriptive character-
istics that are of interest.

Information systems

It is increasingly recognised that high quality information is a critical
resource for the effective strategic functioning of organisations. This recog-
nition is the result of our increased awareness of evolving technology and
its potential to revolutionise information handling. The role and signifi-
cance of information resources has not changed, but what was missing
before was the existence of a mature Information and Communication
Technology (ICT) that was able to manage and manipulate it. Miller (1956)
has shown that humans are able to process between five and nine ‘chunks’
of information at any one time — recall the difficulties that we experience
when trying to remember ten and eleven digit phone numbers or numerous
computer passwords. Computers and appropriate software are capable of
handling substantially more pieces of information in a fraction of the time.
The problem has become one of interaction with the computer in order to
retrieve this information quickly and efficiently.

Developments in ICT, much of which barely existed or was prohibitively
expensive twenty-five years ago, have been rapid and continuous in the last
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decade. Since its first business application in the mid-fifties, the use of
computer technology has expanded dramatically. The picture confronting
us is constantly evolving and few weeks go by without the announcement
of new products, major technological advances, improved cost performance
ratios and myriad allied services. Fired by parallel developments in marketing
techniques, the typical business is being bombarded by a host of technolo-
gies, many of which bear the most inscrutable names, mnemonics or just
plain numbers that convey little or nothing to the uninitiated. Similarly, the
range of activities to which computers and cognate technologies can be
applied is vast and there are few aspects of the working and leisure lives of
the individual which are not influenced in some measure by ICT.

The ‘revolution’ in ICT has been the subject of numerous publications
and the topic of many conferences and seminars. Assertions about the per-
vasiveness of this revolution are frequently made in findings of surveys and
studies of the economic environment. ICT has become a component part of
so many human activities that it is regarded as ubiquitous, impacting upon
us throughout our lives. The result of the ICT revolution is that the pene-
tration of digital technology into the fabric of society has reached far and
wide and is, by now, almost certainly irreversible.

Information systems and the property sector

The application of ICT to the management and exploration of information
is realised in the concept of an ‘information system’. We can define an infor-
mation system as an integrating technology where resources and activities
are brought together to support the decision-making process of an organi-
sation. If we consider the property sector, computerised information systems
have taken a number of forms. Early examples were property management
systems that evolved from accounting software. Relational database tech-
nology improved these systems because the hierarchical nature of property
interests is well suited to the structure of relational database management
systems. Spreadsheet technology allowed the information stored in property
databases to be analysed in more sophisticated ways and subsequently
bespoke software packages have been developed that are capable of sup-
porting many property-related decisions and automating the more mundane
data processing elements of property management.

Over recent years demand for high quality property information has
risen, partly due to the increased availability of affordable computerised
analysis tools. Advances in IT have led to more analytical applications
within the profession; econometric modelling, regression analysis and other
statistical modelling techniques have been used. Multiple regression analy-
sis and econometric modelling underpin the house price indicators devel-
oped by building societies in the UK and the application of expert systems
and neural networks to valuation has received attention from academics.
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However, these techniques depend on access to large volumes of high quality
data if they are to provide reliable results.

Geographical Information Systems

Geographical Information Systems are a family of information systems
that are designed specifically to address the handling, manipulation and
visualisation of data that are geographically referenced. By this we mean
that the data are linked to a location in space, usually somewhere on the
surface of the Earth.! Such geographical linkages can be precisely defined
using co-ordinate systems, or may use less exact frames of reference like a
street address or a postcode. That said, there are many different definitions
of what GIS is and what it does, probably because the technology has appli-
cations across a wide range of the sub-disciplines of geography. In trying to
draw together the many ideas about what GIS is and what it does, we can
draw out three common strands. The first is that GIS is associated prima-
rily with the storage and analysis of information about the Earth or that is
geographically referenced in some manner. The second is that there is a set
of subsystems within a GIS that together define the types of functionality
that can be achieved with it. The third is that GIS activity usually takes
place within the context of a particular organisation and that the nature of
that organisation will support and shape the use of the technology. We will
explore these issues in more depth later in this section. Further discussion
of GIS definitions can be found in Burrough and McDonnell (1998) and
DeMers (2000).

Geographical Information Systems is one of a number of spatial data han-
dling technologies. Others include cartographic drafting and graphic design
tools for publishing maps and Computer Aided Design (CAD) systems for
engineering and architectural design. Although these other technologies are
also useful for handling and visualising geographical data, GIS is unique
among them in that it permits the formulation of questions and the integra-
tion of results using spatial location and the geographical relationships
between objects as the basis for query generation. If we examine the core
technology of GIS, we find that most computerised GIS systems consist of a
database engine whose records allow for the positioning of objects in space
and a set of associated visualisation and analytical components. These permit
the user to interrogate data using their geographical characteristics. For the
purposes of this book, we include image processing and manipulation proce-
dures for satellite and aerial photographic analysis as a subset of the broad
range of GIS application software.

Geographical Information Systems technology has seen widespread
application in the fields of natural resource management, planning and devel-
opment control, socio-economic analysis and the inventory of infrastructure
and facilities. The technology has been taken up by a range of different
communities of users who deal with information that is referenced to the
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spatial domain. Examples of such information include postal addresses,
roads, drainage basins, socio-economic zones, areas of land, pipeline net-
works and groups of properties. In all its diverse application areas GIS
offers the unique ability to analyse and display information geographically,
often revealing trends and patterns that were not apparent when examining
the information in a spreadsheet or database. The power of GIS lies not
only in its ability to analyse and display data referenced to the spatial
domain but also in its function as a database that can bring data together
from a wide range of sources. Using a GIS to manage property data offers
two advantages: the unified storage of property data using a spatial repre-
sentation of the real world and the ability to analyse and visualise that data
in new ways by bringing together a wide range of source information.

GIS and Land Information Systems (LIS)

Since this book is primarily concerned with the use of GIS for the manage-
ment of land and property, it is important that we introduce the concept of
Land Information Systems at this point. A Land Information System (usually
abbreviated to ‘LIS’) is a specialised application of GIS technology that is con-
cerned with issues of land ownership, land planning and land management.
Such systems usually rely on large-scale maps and store information about
land ownership and land use. More formally an LIS can be defined as ‘a sys-
tem for capturing, storing, checking, integrating, manipulating, analysing and
displaying data about land and its use, ownership, development, etc.’
(Department of the Environment [DoE] 1987). LIS are primarily concerned
with the storage and interrogation of property data. Within such systems a
digital map base provides the foundation on which to build real estate infor-
mation using land parcels as the basic building block. In urban areas the land
parcel may be subdivided into buildings and parts of buildings such as a shop
on the ground floor with a flat above. Information that might be contained
within a map-based LIS includes:

¢ land rights and restrictions, including precise delineation of boundaries;

e land values and tax assessments;

¢ land use (other planning information may also be stored);

¢ information relating to buildings situated on the land parcel;

e population and census data;

¢ administrative data such as local government or national park
boundaries;

e environmental data such as contaminated land, pollution and other
hazards.

Other property data can be linked such as topography, geological and geo-
physical data, soil type, vegetation, wildlife, hydrology, climate, industry,
employment, transport, utilities data (water, sewerage, gas, electricity,
telecommunications) and emergency services.
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Cadastral LIS maintain information on property ownership, use and
value and are common throughout the countries of Europe, with the excep-
tion of Britain. In Sweden, for example, the on-line Land Data Bank System
integrates the Land Taxation Register, Census Register, Housing Statistics
and local authority information systems. Applications include planning,
natural resources management, banking and real estate brokerage.

It is important to clarify that the core technology underpinning LIS is
essentially the same as that of the more generic GIS and given the list of can-
didate data types for a LIS described above there would appear to be little
difference between the two. For the purposes of this book, we consider that
a LIS is simply an application of GIS technology for cadastral and land
management purposes and henceforth the term GIS can be considered to
encompass LIS.

GIS in the UK

Early implementations of GIS in the UK were project specific. All of the
necessary data were collected in whatever format they happened to be avail-
able and were geo-referenced and input into the system, often using manual
data entry procedures. Significant time and effort were required to convert
the data into appropriate formats for query and analysis. The data were
analysed, some sort of output (map or report) was produced and the infor-
mation acted upon. Such GIS projects tended to be time-consuming and
expensive in terms of manpower, data, hardware and software.

During the 1980s, GIS methods began to emerge from the specialist
laboratories of university departments and government research institutions
and the technology experienced a wider uptake by information management
professionals across a range of sectors. The uptake of GIS as a viable infor-
mation management technology with applications in many areas was pred-
icated on several factors. The increasing affordability of computer
processing technologies meant that users no longer needed to invest in
large, mainframe computer systems to use GIS. At the same time, the avail-
ability of high quality digital geographical data was coupled with a growing
awareness of the potential uses of geographical information and an increas-
ing number of trained GIS operators. National digital datasets were nearing
completion, the cost of computer hardware and software was tumbling and
the global Internet was born. In 1987, the UK Department of the
Environment published a report called ‘Handling Geographic Information’.
This was the culmination of two years’ work by a Committee of Enquiry
led by Lord Chorley into the way in which geographical information was
used in the UK. The aim of the report was to map out future directions in
this area in the light of advances in IT. In the report it was suggested that
GIS was ‘as significant to spatial analysis as the invention of the microscope
and telescope were to science, the computer to economics and the printing
press to information dissemination’.
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The 1990s saw a move away from project-specific GIS implementation
and a more integrated approach to systems development. In the US, GIS
software development mushroomed, fuelled mainly by the affordability of
a critical mass of spatial data in the United States and driven by Federal
government initiatives like the National Spatial Data Infrastructure (Federal
Geographic Data Committee, 1996) and the associated uptake of GIS by US
government authorities. An international geographic information industry
soon followed, including specialist data suppliers, value-added re-sellers
and technology providers.

In the twenty-first century, GIS is an established desktop technology, albeit
a computationally intensive one. The standardisation of the personal com-
puting market around the Windows family of operating systems and the fact
that a modern PC processing, storage and graphics platform is capable of
tackling the intensive computational tasks that previously were only practi-
cable on expensive UNIX workstations have brought GIS into a new mar-
ketplace. The availability of cost effective geographical data from government
and commercial suppliers in the UK has advanced the situation still further.

The nuts and bolts of GIS technology

In this final section of Chapter 1, we introduce the technology of a GIS in
more detail. Our aim is to provide an overview of the main components of
a GIS and to describe how those components fit together. We can subdivide
a GIS into four key building blocks. These are computer hardware, com-
puter software, information (which forms the core resource of the GIS) and
finally the people who build, manage and operate the system. A GIS usually
operates as part of a larger organisation such as a local authority, govern-
ment department or property development company and the people that
are associated with its day-to-day operation might range from a small
research team to a large corporate decision support department.

Although we have emphasised the use of computer systems in modern
GIS activity, it is important to consider that computers are not an essential
part of GIS. Many paper-based records management systems utilise maps
and involve the storage and retrieval of geographical information, effec-
tively performing the same decision support functions as a computer-based
GIS. Having said that, modern GIS is usually heavily reliant on digital tech-
nology since the computer introduces new and powerful ways of exploring
and managing information that are too time-consuming or expensive to
reproduce using a paper-based framework.

Computer hardware

Computer hardware is the machinery that drives a GIS. Hardware includes the
computer itself and its internal architecture as well as connected equipment
such as keyboards, printers and plotters, disk drives, modems and network
cards, tape drives, monitors, pointing devices such as the mouse, digitising
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Figure 1.1 An indicative GIS hardware configuration.

tablets, computer projectors and digital cameras (Figure 1.1). Alongside the
hardware itself we often find items like diskettes, CD-ROMs, DVDs,
magnetic tapes and ZIP diskettes. These smaller items are often classed as
‘consumables’ rather than hardware and are usually portable or removable
components that can be transferred between hardware platforms.

Geographical Information Systems operate on a wide variety of different
computer platforms from the desktop personal computer through to high-
powered workstations, servers and mainframes. At the present time, the
typical GIS hardware platform seems to be a medium to high performance
PC for desktop GIS, with support for advanced database activities from net-
worked servers or UNIX computers. The increasing power and falling cost
of the everyday PC, coupled with the introduction of operating systems like
Windows XP® and LINUX mean that high performance GIS packages will
run quite happily on a desktop computer. Only the fast processing power
that is required by intensive graphics tasks such as complex 3D animation,
image processing or digital photogrammetry is likely to require additional
hardware support. This was certainly not the case five years ago, when PC
GIS functionality languished behind more expensive UNIX solutions.

GIS software

The software programs that control a GIS come in many shapes, sizes and
price brackets. However, virtually all GIS software includes the following
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basic subsystems (Peuquet and Marble, 1990; DeMers, 2000) which
together provide a set of core GIS functionality.

1 A data input system that collects and pre-processes data from various
sources. Such systems usually include the facility to restructure data and
perform editing operations on digital maps, imagery and databases.

2 A data storage and retrieval subsystem that organises the data in an
efficient manner and allows for retrieval, updating and editing.

3 A data manipulation and analysis subsystem that performs query and
analysis tasks on the data. This might include aggregating and disag-
gregating data, combining and comparing datasets, statistical analysis
or modelling functions.

4 A reporting/presentation subsystem that displays all or part of the data-
base in tabular, graphical or map form and allows for the production
of customised hard copies or output files.

Together, these subsystems supply the GIS user with a formidable arsenal of
data manipulation, analysis and visualisation functionality. Different GIS
software packages have different ways of handling each subsystem and will
exhibit varying degrees of sophistication within each, but all four subsys-
tems are present in most of today’s commercially available GIS software
packages. We will examine the tasks that might be carried out using a GIS
in more detail in the next chapter.

Data for GIS

Data are the most expensive component of most GIS projects. At the same
time a GIS is of little use without them. Based on the findings of numerous
projects, it is generally reckoned that from 60 to 70 per cent of the cost of
GIS implementation will be generated during the acquisition and develop-
ment of an appropriate database (Korte, 1997). Given this, the choice of
source data, its formats and structures is of critical importance in estab-
lishing an effective solution. The types of data that are used in GIS are very
wide ranging, but three broad categories of information can be defined.

Digital maps

A digital map is a computerised representation of traditional paper map
information. The features on the map are digitally encoded either using
data gathered from a land survey or through a process of digital conversion
and stored in a computer database. Chapter 2 explores some of the
commonly applied techniques for storing and manipulating digital maps
in more detail. For now, we will restrict ourselves to saying that the
digital map has two major advantages over its paper equivalent. First, it is
effectively seamless — many paper maps can be digitally encoded and
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combined in a single database eliminating problems of map sheet overlap
and allowing the user to select areas of interest when required. Second, the
digital map is fully customisable. The user is able to specify exactly what
information is displayed and how it is depicted and to select the scale at
which this visualisation is produced.? Such flexibility comes at a price
because in customising the map and choosing an appropriate representa-
tional scale the user will be required to make decisions about symbolisation,
representation and issues of scaling and data quality that would tradition-
ally be made by a trained cartographer. Some formal training may be
necessary before this can be achieved with confidence.

Digital imagery

A digital image is a computerised representation of pictorial data. Examples
of such information include traditional photographic images and aerial
photographs that have been digitally captured using a scanner or digital
camera and images of the Earth taken by orbiting satellites (see Figure 1.2).
Digital imagery adds a valuable additional dimension to the GIS database
both in terms of increasing the quality of visualisation and in providing new
information. For example, some airborne and orbital satellite sensors

Figure 1.2 Cities Revealed® — Digital aerial photograph of Oxford Circus and its
environs.

Source: © 1994 The Geolnformation Group Ltd.



Setting the scene 15

collect sufficient data to allow for the semi-automatic classification of land
uses. When combined with digital mapping, such imagery can produce
some very useful results.

Database information

Today’s commercial and public sector databases about every aspect of our
society and environment are larger, more comprehensive and more readily
available than ever before. As the world becomes more data rich it has been
readily pointed out by several authors (e.g. Longley, 1998 or Openshaw,
1998) that our ability to manipulate and extract meaningful patterns from
this ‘cyberspace’ of data appears to be less and less certain. The modern
analyst is data rich but information poor. We need new tools to interpret
the wealth of data that is now available quickly and easily. GIS is a com-
paratively new weapon in this quest for interpretation.

Many phenomena exhibit some kind of spatially related behaviour. With
GIS, we are able to examine these patterns, in many cases for the first time.
One of the most useful aspects of GIS technology is its ability to integrate
non-geographical information like house prices, rent values, socio-economic
profiles or land use statistics with digital maps. Standard databases can be
linked to the features on the digital map such as houses, roads, land parcels
or administrative areas to provide an enormous range of ancillary data
about them. The GIS can then be used to visualise and interrogate this
information. We can begin to ask new questions of our databases — Which
shops are best served by the public transport system? Which areas of a city
have the most buoyant property prices and how are those prices changing?
Which neighbourhoods have the best local facilities for leisure, shopping or
healthcare? Such questions require us to bring together our database infor-
mation by way of an underpinning knowledge of local geography, and using
GIS we are able to do this.

Summary

In this chapter we have introduced the ideas that form the foundation of the
rest of the book. We have defined what we mean by land, property, data
and information, and introduced the concept of an information system for
managing and analysing data from different sources. We have discussed
land and geographical information systems and the take up of these tech-
nologies in the UK. Finally, we introduced the computing platforms that
GIS rely upon, and discussed hardware, software and data concepts.
Geographical Information Systems is special because it allows us to bring
together information from many different sources using geography as the
common framework to link them together. This has been possible using
paper maps for many years, but with GIS we can displace paper maps and
explore the data in real time without having to spend months redrafting it.
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We can combine the information we hold in whatever way we deem to be
appropriate, producing customised visualisations of different combinations
of data quickly and effectively.

Notes

1 Although the majority of GIS databases are earthbound, the technology has also
seen some application in the mapping of other planetary bodies, notably the visu-
alisation of the surface of Mars using satellite imagery.

2 Although a computerised map is ‘scale free’ in the sense that a user can precisely
define the map scale at which information is displayed, the accuracy and preci-
sion with which the data were originally collected should inform this decision.
Data should not be displayed at scales larger than the accuracy of the original
survey would reasonably permit.
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2 Maps and mapping

Introduction

In the same way that the management of land and property has been an
essential human activity since the earliest civilisations, the maps and charts
that provide key information for land management have been familiar tools
throughout history. The map as a means of spatial representation is
a diverse and flexible tool and its development has resulted in many different
approaches to the visualisation of the world. Although map products are
very diverse, there are a number of common ideas that underpin their
creation. These concepts have accompanied the map on its journey of devel-
opment through the ages and have moved with it from the printed page into
the digital computer and the GIS. In this chapter we will explore the
fundamental concepts behind maps and map making. We will investigate
how computerised mapping techniques have enhanced our ability to make
maps and explain how these ideas affect the creation and use of maps for
property management.

An introduction to spatial referencing

Maps show us where things are in relation to one another. This requires
a method of determining position on the surface of the Earth, a process
known as spatial referencing or geo-referencing. The method by which geo-
referencing is carried out is very important as this will largely determine the
accuracy of any map that is produced.

Let us take an example of spatial referencing in practice. We will use this
to illustrate the different assumptions and choices made when deciding how
to define a geographical position. Consider the case of a British estate agent
who wants to map all of the properties that his agency is currently marketing.
The agent is at the cutting edge of technology and has purchased a Global
Positioning System (GPS) receiver to facilitate his work. The receiver picks up
signals from a network of orbiting satellites and uses these transmissions to
calculate its own position. It allows the agent to pinpoint his location and
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obtain a geographical co-ordinate reference at the touch of a button. When
he does this, the receiver presents him with two sets of numbers:

0.0328E, 51.5081N
541100, 180800

Both sets of numbers refer to exactly the same location, but express it in
different terms. The first is the longitude and latitude of the agent’s posi-
tion. The second is the same position expressed as grid co-ordinates in
metres on the British National Grid. In order to understand the difference
between these two ways of expressing the same position, we need to intro-
duce some basic concepts of geographical positioning.

Measuring position using longitude and latitude

First, let us consider how we can define where we are on the surface of the
Earth using longitude and latitude and explain the first set of numbers on
the GPS receiver readout. Imagine looking at the Earth in cross section from
one side, with the North Pole at the top, the South Pole at the bottom and
the Equator running horizontally across the centre. Latitude determines our
position north or south of the Equator and is the angle measured from the
centre of the Earth between our position and the plane of the Equator.
Latitude can range from 0 to 90 degrees north or south of the plane of the
Equator and thus latitude references are usually given the postscript North
or South to indicate whether they are above or below the equatorial plane.
Figure 2.1 illustrates the concept.

The second parameter, longitude, specifies our position east or west of
the Greenwich Meridian. This is an imaginary circle around the Earth

North Pole
180 degrees
Height above east/west
the surface of
the sphere

.
.
.

Angle of

latitude Equator Centre of the
(Equatorial
Equator (Equatorial plane) plane)

Angle of
longitude

! 0 degrees
South Pole (Greenwich
Meridian)

Figure 2.1 Latitude, longitude and height measurements on the sphere.
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between the North and South Poles with its centre at the Earth’s core and
a diameter equal to that of the Earth. It passes through the Greenwich
Observatory in East London, which has a longitude of 0 degrees. Figure 2.1
provides an illustration. In the figure, we are looking downwards onto
a cross section of the Earth at the Equator. Longitude is the angle measured
from the centre of the Earth in the equatorial plane from our position to the
Greenwich Meridian and ranges from 0 to 180 degrees east or west.

Now we can return to the GPS receiver readout. The first number,
0.0328E is the agent’s longitude, the angle between the Greenwich Meridian,
the centre of the Earth and the agent’s position. In this case, the estate agent
is standing in East London, close to the Meridian, and this angle is very
small. The second number, 51.5081N, gives the agent’s latitude, the angle
between the equator and his position. In this case, the angle is larger as the
agent is some way north of the Equator in the United Kingdom.

The sphere, the spheroid and the geoid

So far, we have assumed that the Earth is round. In fact, this is not actually
the case. Our planet is not perfectly spherical because of the gravitational
effects of its rotation. The term spheroid gives a better approximation of the
shape of the Earth than the sphere. An example of a spheroid is depicted in
cross section in Figure 2.2.

Using a spheroid model of the shape of the Earth, we can still define posi-
tions in terms of latitude and longitude although there are some differences
in the way these references are calculated. Rather than take positions based
on the centre of the sphere, latitude and longitude are defined as the angle
between the equator (in the case of latitude) or the Greenwich Meridian (in
the case of longitude) and a spheroid normal. This is a line at right angles
to the surface of the spheroid between our location on the surface and the
plane of the Equator or of the Greenwich Meridian. Latitude on a spheroid

North Pole

-- - 9| Equator
Semi major axis

South Pole

Figure 2.2 Cross section of the Earth as a spheroid.
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Figure 2.3 Latitude and longitude measured on the spheroid.

is thus defined as the angle between the Equatorial plane of the spheroid
and the spheroid normal, while longitude is the angle between the plane of
the Greenwich Meridian and the spheroid normal. Examples of latitude and
longitude calculation on the spheroid are shown in Figure 2.3. Co-ordinates
defined in this way are referred to as geodetic co-ordinates (Iliffe, 2000).

Although the spheroid represents a better model of the shape of the Earth
than the sphere, the true surface of the Earth, known as the geoid, is some-
what different again. A more comprehensive discussion of the geoid and its
implications for surveying and mapping is outside the scope of this book.
The interested reader can find a useful introduction to the topic in Iliffe
(2000), Cross et al. (19835) or an introduction to the study of geodesy and
co-ordinate systems such as NOAA (1985) or OS (1999). For now, it is suf-
ficient to say that the geoid coincides with mean sea level. It represents the
surface to which the oceans would move if free to adjust to the combined
forces of the mass attraction of the Earth and the centrifugal force of its
rotation (NOAA, 1985).

Parallels and meridians

At this point, we must also introduce the concepts of parallels and meridi-
ans. A horizontal circle known as a parallel joins points of equal latitude on
the spheroid. Parallels decrease in radius as they approach the poles,eventu-
ally becoming a single point at each pole. A circle that is equal in circumfer-
ence to the circumference of the Earth itself is known as a great circle. The
Equator is the only parallel that is equal in circumference to the Earth.

Just as parallels join points of equal latitude, points of equal longitude are
joined by vertical circles known as meridians. However, all meridians are
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Figure 2.4 Parallels and meridians on the sphere.

great circles since they pass through both North and South Poles, and con-
verge at the poles. We have already introduced the Greenwich Meridian, the
great circle around the Earth in the polar plane at 0 and 180 degrees of
longitude. The network of parallels and meridians that surround the Earth
is known collectively as the graticule. Figure 2.4 provides an illustration of
these concepts.

Co-ordinate systems and map projections

So far we have considered positioning on the three-dimensional (3D) surface
of the Earth and how we can determine our position using latitude and lon-
gitude. We have also seen that we can approximate the true shape of the
Earth using a shape called a spheroid. In order to explain the second read-
out on our estate agent’s GPS receiver, giving his location in National Grid
co-ordinates, we must introduce some additional concepts.

To draw a map of the spherical Earth on a flat surface we will need to
transform the 3D spheroid into two dimensions. We carry out this process
using a mathematical model known as a map projection. Map projections
manipulate or transform the 3D surface of the spheroid so that it can be
represented in two dimensions. Imagine taking an inflatable globe of the
Earth and then stretching it — perhaps even cutting it — so that it can be
placed flat on a piece of paper. The process of map projection is the math-
ematical equivalent of this. The surface of the spheroid is flattened mathe-
matically so that it can be represented in two dimensions instead of three.

A very important side effect of this process is that it will always result in
distortion. Areas, directions or distances on the surface of the spheroid are
stretched in the transformation. Unfortunately, it is impossible to preserve
all three of these properties when transforming the 3D spheroid into a two-
dimensional (2D) representation. The choice of an appropriate projection is
therefore a critical consideration for the mapmaker and the projection used
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Figure 2.5 Three families of map projections: planar, cylindrical and conic.

will determine which geometric properties of the 3D spheroid can be
depicted without distortion.

There are three well-known groups of map projections. Each is based on
the use of a different shape for creating a 2D representation from the
Earth’s surface. These shapes are shown in Figure 2.5. There are numerous
individual projections within each group, but the three share a common
property, which is that the shape that the spheroid is projected onto can be
transformed easily into a flat surface. The planar projection is already flat.
The cylindrical and conical projections can both be ‘unwrapped’ mathe-
matically so that they lie on a flat plane.

Different types of map projection are available that allow the user to
preserve particular properties of the spheroid. The first of these types is
called a conformal projection. Conformal projections preserve angles
around a single point on the sphere, so that, for example, lines of latitude
and longitude in the projection are always at 90 degrees to one another. In
order to preserve angles, distortions must be introduced into the shapes of
objects and therefore areas will not be correctly maintained. It is also very
difficult to maintain angles over large areas, and so this type of projection
will only work well for small portions of the Earth (DeMers, 2000). If the
preservation of area is important we can choose an equal area or equivalent
projection. In this case, the areas of objects are preserved, although their
shapes may be stretched or otherwise distorted. At the same time, angular
measurements will be distorted on an equal area projection.

A third type of projection, the equidistant projection, preserves the meas-
urement of certain distances on the map. Caution is needed when using it
because this property of distance preservation only holds true for certain
parts of the map. There are two approaches to equidistant projection. The
first ensures that distances measured along one or more parallel lines called
standard parallels are correct. The second maintains the distance in all
directions from either one or two points (DeMers, 2000). This means that
distances measured from these points to any other location on the map will
be correct, but unfortunately does not preserve accurate distances anywhere
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else on the map. The choice of the points where distance is preserved is
therefore extremely important.

In summary, the process of map projection requires the mapmaker to
make two critical choices. First, we must select a suitable spheroid model
to represent the shape of the Earth. Next, we must decide on a map
projection that preserves the properties we require (areas, distances or
directions) and transform the spheroid into two dimensions using this
projection.

Determining position on the plane with a grid co-ordinate system

Once we have projected the surface of the Earth onto a 2D plane, we need
a method of determining our location on that plane. This is commonly
achieved by superimposing a grid co-ordinate system onto the plane. The
grid co-ordinate system makes use of linear measurements from a pair of
fixed axes to determine location (Maling, 1973). The most commonly used
form of grid co-ordinate system for mapping is the regular or rectangular
grid. Here, the two axes are at right angles to one another and each is
a straight line. The axes extend outward to infinity from an intersection
point called the origin. The horizontal axis is called the abscissa or the
X-axis and the vertical axis is called the ordinate or Y-axis. Any unit of
measurement can be used to determine distance along each axis although
both axes should use the same units.

Figure 2.6 shows an example of a rectangular, planar grid co-ordinate
system in practice. Numbers on the X-axis to the right of the origin are pos-
itive while numbers to the left of the origin are negative. Similarly, numbers
above the origin on the Y-axis are positive while those below the origin are
negative. The geographical location of a point on the grid is defined using
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Figure 2.6 The grid co-ordinate system. The origin is the point at which both X and
Y are equal to zero.
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a pair of co-ordinates given in the form (X, Y) which give the positions of
the point in terms of its distance from the origin along the X and Y axes.
For example, in Figure 2.6 point A lies at location (3, 2) while point B lies
at location (-4, 1) and point C at location (2, —1). In general, the X
co-ordinate of a point is known as its Easting and measures distances east
or west of the origin while the Y co-ordinate is its Northing and measures
distance north or south of the origin.
We can now extend the process of map projection to a three-stage one:

Select a spheroid to model the shape of the Earth.

Choose an appropriate map projection.

Superimpose a grid co-ordinate system onto the projection and use this
to measure off distances and obtain positions.

W N =

The British National Grid

Now let us return to the readout on the estate agent’s GPS receiver. The
second set of numbers, 541100 and 180800 are the Easting (X co-ordinate)
and Northing (Y co-ordinate) of the agent’s position on the British National
Grid co-ordinate system.

The British National Grid uses a spheroid model developed by Airy in
1830 to represent the shape of the Earth. It is based on a conformal (angle
preserving) cylindrical projection called the Mercator projection. In the
example shown in Figure 2.5 the cylindrical projection is centred on the
Equator and would give a good representation of the surface of the Earth at
that point. In the British case, the cylindrical projection is rotated or trans-
verse. The central meridian, which is the line of latitude that runs through the
centre of the projection, runs down the centre of the British mainland. It is
the meridian at 2° West of the Greenwich Meridian and the central point of
the projection is at 49°N, 2°W, a point about 20 km south-east of St Helier in
Jersey (Maling, 1973). This gives good local coverage and minimal distortion
within a region of +3° east and west of the central meridian and means that
the projection covers the mainland of Britain well. Figure 2.7 shows how the
Transverse Mercator projection for Great Britain is orientated.

A regular grid co-ordinate system is superimposed onto the Transverse
Mercator projection to produce the National Grid itself. The Y-axis of the grid
is aligned with the central meridian of the map projection at 2° West, so that
all vertical grid lines are aligned in this direction which is known as grid north.
Because meridian lines converge at the North Pole and therefore are aligned
to true north, we will find that as we move east or west away from the central
meridian, grid north, which is aligned in the direction of the central meridian,
will begin to differ from true north. Figure 2.8 illustrates this effect.

This difference between true north and grid north is referred to as the
angle of grid convergence. In general, the graticule is not usually shown on
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Equator

Figure 2.7 Orientation of the Transverse Mercator projection for the British
National Grid. The cylindrical projection has been rotated so that
its central meridian is at 2°W rather than the Equator. Transverse
projections are often used for areas that are not close to the Equator.

P oty ~ S e [~--
-1zERT . ~ I T,
PR . . N ~. S~
- P P ! * A RS AN
PRs . ’ A \‘ s N *~\
e K K ; @) \ . . Ny
P . ’ (0] ) . .
. ’ ’ ! > [y . . .
. . B 1 = \ . A .
. ’ A 1 Q v A S
\
’ ’ ’ ! [} M A A
. , . . @ v \ \
’ ' ' 1 = N ' \ \

! . ' ' Q \ [ \ y

,' ’ 1 a ~ v 1 \ .

, , K o ) \ \ \

, ' A 3> [ v \
\
! 1|

Grid northing  --------- Meridian line

Figure 2.8 The relationship between true north, the direction of the meridian lines,
and grid north, the direction of the Y-axis of the grid aligned to the
central meridian. Note how the divergence between grid north and true
north becomes more pronounced as we move further east or west from
the central meridian.

a map where a rectangular grid co-ordinate system has been superimposed.
Instead of depicting the curved lines of the graticule on the map, and per-
haps causing confusion with the grid co-ordinate system, the values and
positions of lines of latitude and longitude are often marked along the edge
of the main map. For an example of this practice, refer to the British OS’
1:50,000 Land Ranger series maps.

There is one additional complication. Consider Figure 2.9. The origin of
the National Grid is at the central point of the Transverse Mercator map
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1973, Co-ordinate systems and map projections, George Philip & Sons).

Figure 2.9 The National Grid with the true and false origins shown (Maling, D.H.,



Maps and mapping 27

projection at 49°N, 2°W. Although the British mainland is north of the X-axis,
some parts of Britain are west of the central meridian of the projection and
will therefore have negative X grid co-ordinates. While this is perfectly
acceptable mathematically, it could be very confusing for users of the
National Grid. To overcome the problem, we renumber the grid lines as if
the origin of the grid was actually west of the British mainland, creating a
false origin. This is located 400 kilometres west and 100 kilometres north of
the true origin, and lies about 80 kilometres west of the Scilly Isles (Maling,
1973). The false origin is given a grid reference of X =0, Y =0. The National
Grid is then numbered from the false origin and so the true origin actually has
a grid location of X =400,000, Y = —100,000. Figure 2.9 illustrates this point.

We are now able, finally, to explain the second readout on our estate
agent’s GPS receiver. The first number represents the X co-ordinate of the
agent’s position 5,41,100 metres (541.1 kilometres) east of the false origin
in the Scilly Isles. The second figure is the Y co-ordinate of his position,
1,80,800 metres (180.8 kilometres) north of the false origin.

The map: a window on the world

Now that we know how to define a position on a map, we can discuss other
aspects of the process of making maps and visualising information about land
and property data. Let us begin with a very big problem: the world we live in
is infinitely complex. This has far-reaching implications for the mapmaker,
since it is impossible for us to create a perfect representation of such com-
plexity. The solution has always been to be selective about what should be
included on the map and what can be omitted without losing the information
that we really need. The process of making a map is thus one of selection and
simplification. Rather than trying to consider everything, we simplify our
representation of the world by including only those features that are of imme-
diate interest. A map is thus a representation or model of those aspects of the
world that are of interest to us. It follows that different people will probably
have different ideas about what is important and what is not important,
depending on their objectives and the tasks they need to carry out. The
process of map-making requires us to make choices about what to visualise
and what to omit and how to go about representing the phenomena of choice
effectively in order to convey the information we wish to depict efficiently.

Map scale

The scale of a map governs how much of the surface of the Earth it can
depict. A large-scale map represents only a small area, usually in great
detail, while a small-scale map covers a larger area but at the expense of
detail. The most common method of expressing map scale is the represen-
tative fraction. This expresses the scale of the map as the ratio between map
units and ground units. The larger the value of the fraction, the larger is the
scale of the map.
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Let us take some examples. The most detailed large-scale maps published
by the OS of Great Britain, which cover a ground area of 500 square metres,
have a representative fraction of 1/1,250. This means that 1 unit of meas-
urement on the map represents 1,250 ground units, so 1 centimetre on the
map represents 1,250 centimetres = 12.5 metres on the ground. The decimal
value of the representative fraction is 0.0008. In the small-scale case, a map
about 1 metre across representing the entire planet would need to be drawn
at a scale of approximately 1:40,000,000 (Clarke, 1999), giving a represen-
tative fraction of 1/40,000,000 or 0.000000025. Notice that the decimal
value of the fraction is significantly smaller. In this case, one unit on the map
represents 40 million ground units, so 1 centimetre on the map = 40,000,000
centimetres = 400,000 metres = 400 kilometres on the ground.

There are two other common methods of expressing the scale of a map
(Robinson et al., 1984). The first is a simple verbal statement such as ‘1 inch
represents 1 mile’. The second is to use a scale bar. This is a line on the map
page which is subdivided to show the distance on the ground represented by
particular distances on the map. An example is shown below in Figure 2.10.

Representation and symbolisation on maps

Objects are represented on a map by means of a wide range of cartographic
symbols whose size and shape will be governed by the scale of the map, the
objects that the cartographer wishes to describe and the properties of those
objects that are deemed to be important. Over the centuries, the symbolism of
cartography has become partially standardised, especially on topographic
maps, but the enormous choice of symbols and variety of map types has
prevented rigid standardisation (Robinson et al., 1984).

In cartography, geographical phenomena tend to be represented using three
categories of point (non-dimensional), line (1D) and area (2D) features

0 5 10 15 20 25 kilometres

Figure 2.10 Example of a scale bar.
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Figure 2.11 Point, line and area representations.
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(Figure 2.11) (Wright, 1955; Robinson et al., 1984). We will introduce each
of these briefly before continuing with our discussion.

Point features A point is a simple position, a dot on the map. It represents
the distinct location of an individual phenomenon. Point features are used
for different purposes at different scales. At large scales, features like bus
stops, trees, lamp posts or road signs might be represented by points. On
smaller scale maps, towns and cities might be represented by points. The
key concept behind the use of point data is the idea of existence of the
object in question at a single location (Robinson et al., 1984).

Line features A line is used to represent any feature that is elongated or
one-dimensional (1D). A river, a road, a footpath and an electricity transmis-
sion line are all examples of ground features that might be represented well
using lines. Even though such features always have width as well as length (the
breadth of a road or river, for example) they are often represented on maps
using single lines of varying degrees of thickness (Robinson et al., 1984).

Area features Area features are 2D extents. Parks, fields, development
sites, supermarkets, catchment areas, census districts, zones of vegetation
cover and floodplains are all examples of common geographical phenom-
ena that could be represented by such features.

Each of these representational approaches can be applied to many different
geographical phenomena, but all geographical phenomena can be represented
by one or more of them (Robinson et al., 1984). It is entirely possible to
represent the same phenomenon differently on two maps. For example, the
city of London would be represented as an area on a map of southern
Britain. On a small-scale map of the world, London would probably be
represented with a single dot.

Representing descriptive information

In an effective cartographic representation it is not usually sufficient simply
to mark the existence of geographical phenomena on a map. We are inter-
ested in conveying descriptive information about those phenomena as well,
such as whether a house is detached or terraced, whether a river carries
fresh water or salt water or whether the level of employment in an area is
high or low. Such descriptive information is an essential component of the
map-making process and will usually determine how the map features
themselves are symbolised. For example, roads may be shaded in different
colours to represent varying traffic carrying capacities. Different types of
woodland area might be assigned different symbols to differentiate between
evergreen and deciduous forests. In both these cases, specific descriptive
properties of the features on the ground have been used to differentiate
them from one another and govern the approach to symbolising them
on the map.
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Contour lines

Height (Feet)
669-922.556

T 922.556-1176.111

~1176.111-1429.667

199 1936.778-2190.333

. 2190.333-2443.889
2443.889-2697.444
2697.444-2951

Figure 2.12 An example of surface representation. This is a visualisation of height
variation across the Mt Saint Helens volcano in Washington, United
States of America. The picture on the left shows a relief shaded map of
the volcano, with contour lines superimposed. The same model is
shown in three dimensions on the right. This technique can be applied
to the visualisation of a wide range of continuous phenomena. Source
data were obtained from the US Geological Survey.

The use of attribute data in symbolising geographical phenomena allows
us to introduce a fourth method of representing geographical data: the use
of surfaces or volumes. It is often useful to consider how a particular attrib-
ute of the surface of the Earth such as temperature or height above sea level
changes as we move through space. An effective method of visualising this
variation is through 3D representation using a surface. Examples of such
surface models include the modelling of height above sea level, the density
of population, or mean surface temperature. In many cases such attributes
are measured according to a base level or datum (as in the case of height
discussed above). In each case the variation of the attribute of interest
across space is visualised on the map. An example of surface modelling is
shown in Figure 2.12.

Discrete and continuous characteristics

We can make a further distinction between attributes that are present at all
locations on the surface of the Earth and can potentially be measured any-
where and those that have distinct, clearly defined boundaries. The first type
is known as continuous characteristics. Two examples of such continuous
geographical characteristics are height above sea level and air temperature at
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the ground surface. Each could potentially be measured at an infinite
number of points across the Earth. In contrast, the second type, discrete
characteristics, apply only to individual features like houses, cities or land
parcels whose geographical extents are clearly defined.

It is possible to convert discrete characteristics into continuous ones.
A common example of this is the measurement of the density of occurrence.
For example, although the value of a particular parcel of land is a discrete
quantity that applies only to the geographical space occupied by the land,
the average value of land per square kilometre is a continuous characteris-
tic that could potentially be measured anywhere on the surface of the Earth.

Real and imaginary map features

Not all of the features on topographic or thematic maps are part of the
physical world we live in. Often we may wish to place abstract or imagi-
nary features on a map as well as real ones. We can therefore separate the
features on a map into tangible (‘real’) and intangible (‘imaginary’) objects.
Tangible map features exist as a part of the landscape. Examples are the
buildings, rivers and roads we have already discussed. Intangible features
are more abstract and are used to visualise particular characteristics of the
landscape without actually being a part of the physical world. The extents
of administrative areas like counties or districts are good examples of such
intangibles — these lines do not exist on the ground physically, but help us
to define and visualise information about the world. Similarly, measure-
ments such as population density or average income are abstract concepts
that can be used to visualise particular properties of ground features.

Generalisation and visualisation of cartographic data

We have said that the map can be thought of as a model of the world, and
that the process of constructing that model is one of selection and repre-
sentation. One of the most important tasks for the cartographer is to decide
how to represent different map features so as to display them clearly and
unambiguously for the intended audience. By its very nature, this process is
scale dependent and the selection of the map scale will have a profound
influence on what can be depicted on the map and the most appropriate
way of carrying out that representation.

This brings us to generalisation, a fundamental process in cartographic
construction, which is concerned with the effective representation on the
map of features of interest on the ground. Consider the task of mapping
a small town. At large scales such as 1:1,250, 1:2,500 or 1:10,000 it will be
possible to show individual features within the town on the map - the
detailed shapes of the buildings, the roads and their kerbs, bus stops,
detailed descriptions of parks including tree positions, footpaths and so on.
If we reduce the scale considerably, for example to 1:50,000 or 1:1,00,000,
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these features will begin to blur and mesh together. At small scales it is no
longer effective from a representational point of view to depict them on the
map individually or to map their boundaries with great precision. Instead
we might use a single, shaded area with a greatly simplified boundary to
represent urban spaces. At even smaller scales it would probably be most
effective to represent the entire town as a single dot.

It is also important to note that symbolisation, especially at smaller
scales, is sometimes more effective if the size of map features are exagger-
ated or reduced. Exact representational accuracy is not always compatible
with effective communication. The lines representing features such as major
roads or railways are often much wider on small-scale maps than they
would be if represented accurately. The reason for this is simple — the accu-
rate lines would be so thin that the map-reader would hardly be able to
distinguish them.

The user should have an idea of the accuracy and precision required from
a map depending on the application that is envisaged. As an example, OS
1:1,250 scale paper maps are stated to be accurate to approximately
0.4 metres. When we buy a paper map the only way we can ‘zoom in’ is by
peering more closely at the map, perhaps with a magnifying glass. As we do
so the lines and other features on the map appear thicker and therefore tell
us intuitively that their accuracy cannot be assured at that closer level of
inspection. With digital maps that are viewed using a GIS, we can zoom in
to whatever scale we choose and (depending on the GIS we use) the lines
may well look the same, giving a false sense of precision at scales greater
than that which the map may have been surveyed at.

As a way of tackling this problem most GIS software allows the user to
‘switch’ thematic map information on and off depending on the scale that has
been chosen for display purposes. For example if a map comprises two
layers of information; one surveyed at 1:10,000 and the other at 1:2,500
scale, the former will be switched off as the user zooms in to a scale of
1:9,999 or more. In this way, cartographic generalisation is built into the GIS.

It is important that the user considers the level of cartographic detail
needed at the start of a GIS project. For example, a local authority depart-
ment might ask for a small-scale boundary map to use in day-to-day work.
Later, when it is realised that the exact positioning of the map boundary
may determine whether a property receives a grant or not, a much more
detailed large-scale map may be needed. Such a request could be met with
little difficulty if the original data were surveyed on a large-scale map,
but if data collection were tailored to the more generalised small-scale map
output, then the data would have to be resurveyed.

Topographic and thematic maps

Maps come in many different shapes and forms, but there are two important
families of maps that we will introduce here: topographic and thematic
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Figure 2.13 Topographic mapping from the OS 1:50,000 Landranger series of maps
of Great Britain.

Source: Crown Copyright, 2001, used with permission.

maps. Of these, the topographic map is probably the most familiar to most
of us. Topographic maps depict natural and man-made features on the
surface of the Earth such as roads, rivers, towns and woodland. An example
is shown in Figure 2.13.

Thematic maps are somewhat different. They are drawn to depict specific
descriptive information about particular ground features and often greatly
simplify or omit other ground features entirely. Here are three examples of
thematic maps:

1 A map that uses data from the Census of Population to show levels of
unemployment in the counties of England;

2 A geological map showing the extents of soil and rock types;

3 A weather map showing rainfall levels or temperature characteristics
across a region.

In each of these cases ground features that are not directly relevant to the
theme of the map are usually omitted for clarity. For example, the map of
population at county level would probably show only the county boundaries
and the counties themselves colour coded according to unemployment levels.
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Figure 2.14 Choropleth map depicting relative scores on the Townsend Index of
Deprivation for the Boroughs of Greater London. In this example, a set
of reporting zones (the Boroughs) are superimposed onto the landscape
and the characteristics of all the points within those areas are
summarised at Borough level.

We can further subdivide thematic maps into three types that are widely
used in GIS. The first of these is the choropleth map. Choropleth maps
summarise data according to a defined set of reporting zones such as
numbers of votes for political parties in different electoral districts or the
average price of property in the different counties of England. The
socio-economic mapping example discussed above fits into this category.
On such a map, the theme of interest is summarised according to the
amount of occurrence in each of the reporting zones. An example is shown
in Figure 2.14.

The second type of thematic map is the area class map. In this case, it is
variation on the ground that defines the size and shape of the areas. This is
different from the choropleth map, where the sizes and shapes of the areas
are defined first and the variation on the ground is summarised in those
areas. Examples of area class maps are vegetation maps that show the
extent and size of different types of vegetation across a study area and
geological maps that show subsurface geological patterns. An example of
an area class map for vegetation types is shown in Figure 2.15.

The third type is the isopleth map (from the Greek ‘iso’, meaning ‘equal’).
Isopleth maps are used to visualise a surface by joining up points of equal
value with lines. Perhaps the most familiar example is the contour map, on
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Figure 2.15 An example of an area class map showing soil types. Different soil types
are colour coded and each area on the map is shaded according to the
underlying soil type. Image classification created using ERDAS imagine
and LANDSAT Satellite Imagery.

which the lines join points of equal height, and an example is shown in
Figure 2.16.

Another common application is the map of barometric pressure familiar
from television weather forecasting bulletins where isobar lines join points
of equal pressure. In the case of land and property management an appli-
cation of this type of map might be contour mapping of property prices
across a city or the calculation of drive times (‘isochrones’) from a devel-
opment site to other key locations.

Bringing geographical information into the computer

Modern cartographic processing is usually carried out with the aid of a com-
puter and the analytical capabilities of GIS are almost exclusively carried out
using computer technology. We will now begin to investigate how the
concepts and principles of mapping that we have described in the previous
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Figure 2.16 Contour mapping of height on Mt Saint Helens.
Source: Data provided by US Geological Survey.

section are applied when we enter the digital environment. Computers allow
us to manipulate and visualise geographical information in exciting and
powerful new ways. That said, the principles and concepts that determine
how effective a map is in representing aspects of the world apply just as
strongly to the creation and manipulation of digital maps as they do to our
use of traditional paper maps.

Contrasting digital and paper maps

Because of the way that printed maps are made, they have limitations.
A printed map is a drawing on a piece of paper or plastic/film media.
Points, lines and areas are displayed using various symbols, shadings,
colours etc. A key or legend is then used to explain what all the symbols
mean. This has several implications.

First, the data on which the map is based must usually be simplified and
classified to represent them effectively on the map. This implies that the
mapmaker must interpret and filter the information subjectively and decide
how to deal with the issues raised in our discussion above. The map must
be drawn very accurately and the presentation has to be clear. Once the data
are on the map, they are fixed. It is time-consuming and expensive to
extract them again and altering the manner in which they are displayed will
require a complete redraft of the map.
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Second there is the issue of the physical size of the map sheet. A common
problem with paper maps is that the area of interest may need to be repre-
sented by a number of map sheets, particularly when the map scale is large.
This may require the map user to move sheets around or work with
more than one map sheet at once which can be cumbersome and time-
consuming. Also, the printed map is a snapshot at a given point in time,
and may quickly become outdated and the material on which the map is
drawn may be unstable, so that its size and shape may change given
exposure to different humidity levels or temperatures. Finally, because printed
maps are usually paper-based they may easily become damaged. While it is
certainly true that computer disks can also be damaged, the same map can be
stored lots of times on a computer system with relatively low cost.

By using computer systems, we can overcome a lot of the problems with
traditional maps. Large amounts of information can be stored cheaply and
accessed quickly. We can use the computer to bring together lots of different
pieces of information and synthesise them in an integrated product. The com-
puter can carry out complex and time-consuming cartographic assembly and
drafting work quickly and easily. Additionally, because we can store many
map sheets simultaneously in the computer we can browse an area without
worrying about map boundaries. We can also change scale freely and redraw
our map to show different levels of detail. Finally, we can project data into
three dimensions and explore and visualise them in ways that are impossible
with traditional maps. We can animate the progress of information through
time. Most importantly of all, the computer allows us to decide for ourselves
what we want to map and how we want to map it. Given all these advan-
tages, a word of warning is also necessary. Although the computer liberates
us from many of the restrictions of traditional cartographic drafting, the prin-
ciples of good cartographic practice still apply and many of the same deci-
sions about generalisation and symbolisation will still have to be made to
ensure effective depiction of the required information.

Storing geographical information in a computer

The world is in effect infinitely complex and this presents us with a seemingly
intractable problem. How can we represent an infinitely complex world in a
computer system with limited processing and data storage capabilities? The
answer is that instead of trying to represent everything, we make a computer
model that includes the essential information that we need. The computer can
be used to store simplified representations of those things that we need to
study and explore. A GIS database is therefore a model of the world.

How does this modelling process work in practice? We can define three
broad stages of activity:

1 Definition — what phenomena interest us and how are they defined?
2 Classification — how do these phenomena relate to one another?
3 Representation — how can we represent them in the computer?
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A GIS contains representations of things in the real world: objects like
houses, trees, roads, rivers and lakes. It may also contain representations of
artificial objects like contour lines and political boundaries or historical
information that no longer exists. It is important to remember that a com-
puter model of the world is NOT the same as the real thing: it is an abstrac-
tion. A computer model is limited by the decisions of the information
collector, the data that have been used to build the model and the way in
which it is represented in the computer.

Making a model of the world

We will take an example by considering the representation of a simple
everyday object: a house. The first stage of the modelling process requires
us to define what we mean by the term ‘house’. This might be more diffi-
cult than it sounds. For example, is the definition a generic one so that sin-
gle storey bungalows, apartments, detached houses and terraced houses all
fall within the same grouping, or do we require more detailed discrepancy
between different types of dwelling place? By thinking about these issues,
we have already introduced the concept of classification — we may have a
class of objects ‘house’ or ‘dwelling place’ within which there are a number
of subclasses.

Representing the house in the computer requires us to make a number of
new choices. The first concerns the level of detail that we are interested in.
At smaller scales, we may only require the location of the house to be
shown, so that a single dot indicating its position will be sufficient. At
larger scales, a more detailed plan of the extent of the property may be
required. At this stage we might like to revise our definition to take into
account the geography of the house — do we include the garden and any
outbuildings in our definition, or does this require a new set of concepts to
be included in our model of the world? We also need to decide what
descriptive information we need to include in the model. For example, we
may wish to record the total floor area of the house, the number of rooms
it has, the year it was constructed or its current market value.

Let us assume that we decide to record the house, its gardens and out-
buildings in the model. We have defined our objects of interest and how
they relate to one another. The final stage of the process is to encode this
information digitally so that we have a computer record of the house
including all of the information we need about it.

Storing information in a GIS

A GIS commonly stores two types of information. The first is geographical
or spatial information that is referenced in some way to the surface of the
Earth using a co-ordinate system or other framework and defines the
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geographical extent of the objects of interest. The second is descriptive or
attribute data about those objects.

In order to use the GIS to answer questions about the world, we need to
organise this information efficiently. To do this, we need to employ one or
more data structures. A data structure can be simply defined as a way of
organising information inside a computer system. A simple example of
a data structure is an ordered list, for example a set of different tree species
arranged alphabetically:

Ash
Beech
Cedar
Chestnut
Elm

Oak
Olive
Pine
Walnut.

The way information is organised in a computer will have a profound effect
on our ability to retrieve it quickly and to process it in different ways. In the
list of trees shown above, the information is organised into ascending alpha-
betical order and we can use this fact to search efficiently through the list. If
the list were not alphabetically ordered we would need to look through each
entry individually to find the information we required. If the list were much
longer, perhaps including thousands of names, this process would be very
lengthy. In a similar manner, the more complex data structures that are used
to store geographical information will affect our efficient use of that infor-
mation. We will introduce data structures for storing geographical informa-
tion by considering some of the most widely used methods.

There are two commonly used data structures in GIS — vector approaches
and raster approaches. In the vector approach, objects on the ground are rep-
resented using three simple building blocks: points, lines and areas. Line and
area features are composed of linked sets of points and objects like houses or
parks are modelled by connecting points together with straight lines and
grouping the lines into areas. In the raster approach, the area of interest is
divided up into tiles or grid cells of equal size and geographical extent. Cells
are then coded according to the properties of the area they cover.

Organising and representing vector data structures

For a vector database to adequately represent information about the real
world, it must allow us to define the geographical extent of objects and
permit the attachment of pertinent descriptive information to these objects.
The software that is used to achieve this goal normally consists of a mapping
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program attached to a database. Information about the vector structure is
stored in the database and used by the mapping program to display infor-
mation on the screen.

We have seen that the vector structure is based upon three primitive
objects: points, lines and areas. How might we represent these features in
the GIS? Individual GIS systems have different approaches to this problem,
but the example below shows how we might use the simple building blocks
of point, line and area to create a vector database and demonstrates the
broad principles of the data structure.

Representing points

Point features are quite simple to handle. Each point has an X co-ordinate,
a Y co-ordinate and a unique identification number. The identification
number allows us to differentiate between the different points.
Geographical co-ordinates for each point are stored in a database alongside
its identification number. Figure 2.17 provides an example.

Representing lines

In the simplest case, line features can be stored as strings of co-ordinate
pairs. Consider Figure 2.18, which consists of five different lines. Each line

3
< 2
0}
1
0}
4
(0}
ID No. X co-ordinate Y co-ordinate
1 567348 175348
2 567383 175683
3 567101 175900
4 567922 175091

Figure 2.17 Representation of point features. Each point on the map is given
a unique identification number in the database. These numbers link to
the co-ordinates of the points in a table and can be used to position
them on the map.
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Figure 2.18 Representation of lines in a GIS.

is made up of a series of points, whose co-ordinates are known and stored
in a database. We can store a line by making reference to the identification
numbers of the points that comprise it. This in turn can be cross-referenced
to a table of points that contains the geographical co-ordinates of each
input point. For Figure 2.18, that table might look like this:

Line Points
Orange 1,2,3,4,5,6
Cyan 3,7,8

Blue 4’9,10,11
Purple 9,12,13
Green 14,5,15

The problem with representing line features in this way is that we do not
know very much about them. We cannot answer questions such as ‘Does
the blue line join the orange line?’ without carrying out additional calcula-
tions to work out which points are at the beginning and end of each line. It
would be very helpful to know more about the interconnections between
the lines, and so the simple data storage method that has been shown is
often extended to include additional information.
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Link 1 Link 2

Link 3

Link 4 Link 9

/X9 6

Figure 2.19 Example of a link and node vector data structure based on
Figure 2.18.

Link and node structures for line features

A commonly used addition to the simple method of storing lines described
above is the link and node approach. Here, a line is defined as having
beginning and end points referred to as nodes, while the line and its
component points between the nodes become a link. A link can be defined
formally as a series of non-intersecting line segments with no connection to
another link except at the start or end point. A node is defined as the start
or end of a link, can be shared by many links and is only stored once, which
is not the case in the simple structure described above. Consider Figure
2.19, which shows the link and node structure for the lines in Figure 2.18.
You will see that the original set of five lines has been split into ten lines,
each beginning and ending at an intersection between lines or an uncon-
nected end point.

Storing the link and node structure

The link and node data for the structure in Figure 2.19 can be represented
using two cross-referenced tables — an example is shown here.

The link and node structure allows us to store information about the
connectivity of points and lines. The connectivity of links is expressed in
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Links table Nodes table

Link From node To node ID XY Links
1 1 2 1 X1, Y1 1
2 2 11 2 X2, Y2 1,2,5
3 8 10 3 X3, Y3 5.6.10
4 9 8 4 X4, Y4 6,7,8
5 2 3 5 XS5, Y5 8
6 3 4 6 X6, Y6 9
7 7 4 7 X7,Y7 7
8 5 4 8 X8, Y8 3,4,10
9 4 6 9 X9, Y9 4

10 3 8 10 X10, Y10 3

11 X11, Y11 2

terms of their ‘direction of flow’, usually in the direction of data capture,
and recorded using a ‘from node’ and a ‘to node’. In the example, link 3
goes from node 8 to node 10. From link 3, we know that we can go to link
10 or link 4, for example. By storing information in terms of links and
nodes, we are able to navigate through the line network.

Extending the link and node structure to polygon features

Until now we have only considered point and line features. We also need to
consider the storage of area features, ideally in a manner that will allow us
to find out information about the relationships between them. Fortunately,
the link and node structure can be extended to cope with the storage of
information about areas.

Consider the diagram in Figure 2.20 and the accompanying tables. In this
case we have constructed four areas (polygons) from a link and node struc-
ture. Because we know about the connectivity between nodes we can work
out which links are connected and which polygon each set of links encloses.
Similarly, we can use the connectivity information in the structure to work
out which polygon is next to others.

Using such a structure, we can derive information about the spatial rela-
tionships between polygon features. The new table is then cross-referenced
to the previously derived link and node structure that defines the positions
of nodes and the structure of individual lines. In this structure, there is
little duplication and geometrical updates are easy to maintain. However,
if geometry is altered, topology will need to be reconstructed.

This type of structure can be easily integrated with a standard relational
database architecture. It is predicated on the existence of a unique identifi-
cation number (or sequence of unique attribute values) that sets each
record apart from the remainder of the database. Using this unique number,
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Figure 2.20 Storing polygons using the link and node structure.

Polygon Links

P1 2,9,7,4

P2 4,5,1

P3 8,6,9

P4 6,3,5,7

Link  Left poly Right poly From poly To node
1 P2 0 1

2 0 P1 1 2
3 P4 0 S 6
4 P1 P2 1 4
S P4 P2 4 S
6 P3 P4 3 6
7 P4 P1 3 4
8 P3 0 6 2
9 P3 P1 2 3

information about a single geographical feature can be held in several data
tables and cross-referenced. The vector structure can also be easily linked
to a standard database management system, allowing for the storage of a
wide variety of descriptive information for each vector feature.
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Benefits and limitations of the vector data structure

The precision of the vector structure allows for high levels of cartographic
accuracy in the representation of geographical phenomena. It also permits
selective sampling, so that the user can choose which objects to record and
how much detail is required. At the same time, the structure can be extended
to permit the easy encoding of relationships and connectivity between objects.
As such, the structure is highly effective for the representation of networks and
the retrieval of information using spatial relationships. Additionally, the
vector structure can cope with the storage of a wide range of descriptive
information about the phenomena of interest, particularly when linked to a
database management system. Given these advantages, vector structures are
the most commonly used method of storing information about land and
property databases. Features like buildings and land parcels can be stored
with high levels of accuracy, which is particularly important when recording
property boundaries and measuring characteristics such as square footage.

There is another side to these benefits. The vector data structure can be
misleading because of its precision. The appropriateness of high precision
data storage is dependent on the accuracy of the land survey or other record-
ing method that was used to collect the vector data in the first place. For
example, the Ordnance Survey of Great Britain quotes an average accuracy
of 0.4 metres for its large-scale Landline data sets. This would allow for 1
decimal place of precision in the representation of National Grid co-ordi-
nates. However, many modern GIS systems store co-ordinate information
with a precision of 5 or 6 decimal places. This is much more precise than even
the most accurate of land surveys and in the case of OS large scale data would
suggest that measurements are accurate to one thousandth of a millimetre!

Boundaries in the vector structure must be clear-cut. This works well
when modelling the built environment but is less successful when used to
represent natural phenomena that do not exhibit such behaviour.
Boundaries between soil types or vegetation zones tend to be graduated and
do not lend themselves to precise representation in this manner and a note
of caution must therefore be sounded when using the structure for modelling
these types of geographical data.

The vector structure is quite complex and geometric operations such as
the overlay of different sets of data or the generation of new data sets based
on spatial relationships are computationally intensive. Effective vector rep-
resentation also requires large amounts of preparatory structuring to build
topological relationships.

Organising and representing raster data structures

An alternative method of spatial data representation can be found in the
raster data structure. Some common examples of raster data sets used in
GIS include satellite imagery, aerial photography, scanned imagery (e.g.
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Figure 2.21 The raster data structure. Cells are coded according to the ground
cover onto which they are superimposed.

maps that have been digitally scanned) and elevation data. A raster is cre-
ated by subdividing geographical space into contiguous cells (usually square
or rectangular and all the same size). The cells cover the area of interest,
forming a mosaic or grid. Figure 2.21 provides an example.

Each grid cell in a raster can store a single attribute value. For example, in
the case of a black and white photograph, this value might be a number from
0 to 255 describing the brightness of the cell from black (0) through many
levels of grey to white (255). It follows that to store many different pieces of
information using the raster method we will need to create many different
rasters covering the same area. These are commonly known as raster layers.

Consider the familiar topographic map. Such maps often depict lots of
information — county boundaries, road networks, railways, cities and
towns, water features and so on. Each of these different themes would nor-
mally be stored in a different raster layer. A typical raster database might
contain hundreds of layers, each consisting of thousands of grid cells.

Properties of raster layers

There are two important characteristics associated with raster layers. The
first of these is the resolution of the raster. We can define resolution as ‘the
minimum linear dimension of the smallest unit of geographic space for
which data are recorded’ — in other words, the length and breadth of
a single cell in the raster.

The reader will probably be familiar with the terms ‘high resolution” and
‘low resolution’ from the computer graphics industry, where they refer to the
amount of detail that is recorded in a graphical display. In the same way,
a ‘high resolution’ raster data set contains lots of detail — this means lots of
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Figure 2.22 An example of high resolution (left) and low resolution (right) raster
data. Notice that the grid cells on the right-hand example are much
larger than those on the left, giving a correspondingly coarser repre-
sentation of the landscape.

cells, where the geographical area covered by an individual cell is quite
small. ‘Low resolution’ refers to the opposite case — fewer cells that cover
a larger geographical area and provide correspondingly lower levels of
detail. Figure 2.22 provides an example. The figure shows the same set of
elevation data portrayed with a raster grid cell size of 90 metres (left) and
1,000 metres (right). Notice how the detail levels on the lower resolution
data set are substantially reduced.

The second important characteristic of a raster is its orientation. We can
define this as the angle between true north or grid north and the direction
defined by the columns of the raster. Figure 2.23 shows two examples. The
first grid is oriented in the direction of grid north. The second has an
orientation of approximately 45 degrees from grid north.

Although raster data produced from scanned paper maps will usually
have the same orientation as the map projection of the original map, the
same is unlikely to be true of raster data obtained from other sources such
as orbiting satellites or aerial photography. Before raster data can be com-
bined with other information in a GIS, it must first be correctly aligned in
relation to grid north and the map projection that is being used.

Storing information for raster cells

Raster cells can be assigned a wide range of different data values, includ-
ing numbers, labels, logical variables and dates. Exactly what can be stored
will be dependent on the capabilities of the GIS software that is used to
manipulate the raster. Each cell in the raster layer is assigned a value.
Multiple layers will be required to store a range of descriptive information.

Locating raster cells

The location of a raster cell is usually defined by an ordered pair of
co-ordinates that identify the location of an individual cell in the raster by
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North

Figure 2.23 Raster orientation in relation to true north. The left raster is oriented
in the direction of north. The right raster is oriented to approximately
45 degrees from true north.

1 2 3 4 5 6

Figure 2.24 Positioning on a raster grid. Cell X has grid location X =3, Y = 3.

its row and column references. Usually, the true geographic location of one
or more corners of the raster is known and assuming that the resolution of
the raster is also known it is then easy to derive grid-referenced co-ordinates
for individual cells. Let us take an example.

Consider the simple raster data set in Figure 2.24. It consists of six rows
and six columns. If we want to describe the location of grid cell X in the
figure, we do so using its row and column numbers. Usually, numbering of
raster cells starts at the bottom left. If we assume that this is the case in our
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Figure 2.25 Spatial referencing on a raster grid.

example, grid cell X is in row 3 of the raster and column 3 and so its cell
location would be (3,3).

Now let us assume that the raster has a cell resolution of 50 metres. Each
grid cell is 50 metres across and 50 metres from its northern edge to its
southern edge. If we know the location of the bottom left-hand corner of
the grid in map co-ordinates, we can calculate the position of cell X in map
co-ordinates. Assuming that the bottom left-hand corner of the raster has
map co-ordinates (1000,1000) then it is quite straightforward to work out
the co-ordinates of other cells in the raster. The bottom left-hand corner of
our grid cell X at row 3, column 3 of the raster (marked with a black dot
in Figure 2.25) will have map co-ordinates of (1100,1100)* while the centre
of cell X will have grid co-ordinates (1125,1125).!

Benefits and limitations of raster structures

The key advantage of the raster data structure is its simplicity, and this
brings with it some important benefits. Many operations such as the over-
lay of data layers on top of one another or the definition and selection of
groups of cells based on distance from specified points can be carried out
very efficiently using raster methods. Similarly, operations requiring the
re-coding of grid cells like colour shading or reclassification are very rapid.
These techniques are discussed in more detail in the next chapter.

The simplicity of the structure is also its major limitation. It is difficult to
represent objects with a sufficient level of cartographic precision using
raster methods, since the resolution of the raster grid needs to be prohibi-
tively high to capture an equivalent level of detail. Similarly, the topologi-
cal relationships that can be encoded into the vector structure are much
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Figure 2.26 Comparison of vector and raster representations. In the vector case on
the left, it is possible to model the sinuosity and extent of the stream
and lake quite accurately. The raster on the right provides a much
cruder representation and cells are classified as ‘stream’ or ‘lake’ when
only a small component of the cell actually contains these features.
Representation could be improved by increasing the resolution of the
raster, but this increase would need to be substantial to achieve the
accuracy of the vector structure.

harder to represent using a raster. For these reasons, raster data structures
tend to be used less than vector structures for handling land and property
information. Their most common application is in the representation of
aerial photography for overlay by vector data.

A related problem is the assumption that the occurrence of a cell value is
geographically consistent throughout a grid cell. This may prove to be inac-
curate, as the boundary of two features or categories on the ground might
cut across the middle of a raster cell. The possibility that the cell is not inter-
nally homogeneous increases as the resolution of the raster is reduced.
Figure 2.26 illustrates this using the simple example of a stream flowing
into a lake.

Although the layer-based model described above is commonly used it
often results in large numbers of raster layers. Some GIS packages have
overcome this problem by allowing for the linkage of raster data to data-
base management systems which permits the storage of multiple variables
against a single raster layer (DeMers, 2000).

A final problem is that of storage space. The simplicity of the raster
structure means that it requires large amounts of disk space to store in a
raw, uncompressed form. Although the cost of computer storage today is
extremely low, there are related performance issues in the transfer of large
volumes of data to and from the computer disk. As a result, extensive use
has been made of compression methods and more complex data structures
for the representation of rasters. A review of these methods is beyond the
scope of this chapter. The interested reader is referred to standard texts on
GIS such as Burrough and McDonnell (1998), DeMers (2000), Laurini and
Thompson (1992) for a more detailed treatment of the topic and some oper-
ational examples.
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Summary

In this chapter, we have considered ways in which geographical information
can be represented visually using maps and the underlying co-ordinate sys-
tems and models of the shape of the Earth that underpin them. We went on
to consider how such information can be encapsulated digitally in a com-
puter system, and the data storage methods that are used to hold and
manipulate digital geographical data. We explored the use of simple spatial
features such as points, lines and areas to characterise particular objects.
We also considered ways of using the map to depict the characteristics of
those objects with different types of symbolisation and use of colours.

Two families of maps are commonly used within a GIS environment.
Topographic maps depict important features of the landscape in symbolic
form. Thematic maps allow for the representation of particular ideas about
landscape features or the populations that live in them, such as political
affiliations or social characteristics, in detail. Both types have uses in the
context of property management.

Maps are dependent upon underlying methods of locating phenomena on
the surface of the Earth. Concepts of co-ordinate geometry, the use of map
projections and national grids are fundamental. These ‘behind the scenes’
characteristics of geographical data have a profound effect on the shapes
and areas of objects on the map and will determine what types of analyti-
cal processing can be undertaken with them.

There are numerous methods of representing geographical information
digitally. The most commonly used are vector and raster-based methods of
representation. In the former case, objects are represented by intercon-
nected points, lines and area features. In the latter, a mosaic of cells is super-
imposed upon the landscape and coded according to the information that
lies within each. These structures can be used to store information about
geographical features, including data about connectivity and linkages
between features.

It is important to emphasise that the production of a map is a selective
procedure. It is impossible to represent fully the infinite complexity of the
world we live in (or even a small part of it) on a 2D piece of paper. We
restrict the content of the map to features of particular interest. The choices
we make about which features are important and the map projections and
co-ordinate systems we use to position them are critical.

The choices of the mapmaker about the use of colour and the sizes
and shapes of symbols on a map can radically affect the way in which the
information on the map is perceived. The goal of the mapmaker is therefore
to produce a map that shows the information that is to be portrayed as
clearly and unambiguously as possible and minimise the possibility of mis-
leading or misinforming the map reader. Monmonier (1996) provides an
excellent treatise on the various ways in which maps have been used to
confuse or mislead (deliberately or accidentally), and his book is heartily
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recommended as an introduction to the many pitfalls of cartographic
endeavour.

These issues of selectivity and personal choice extend to the digital rep-
resentation of geographical phenomena. The digital mapmaker is bound by
the same rules of cartographic good sense as the traditional cartographic
draughtsman, but has additional problems to contend with. The ways in
which geographical data are represented digitally and the nature of the
linkages between them will have far-reaching consequences for the types of
analysis that can be performed upon them. The GIS user is simultaneously
a cartographer and an information analyst and must treat both roles with
appropriate gravity.

Note

1 We can calculate these values because we know the co-ordinates of the bottom
left corner of the raster and the cell size in metres. Cell (3,3) has a bottom left-
hand corner that is 100 metres east of the origin and 100 metres north of it, hence
it is located at (1000 + 100), (1000 + 100). The centre of the cell is a further
25 metres east and north of the bottom left corner, i.e. at location (1000 + 125),
(1000 + 125).
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3 Mapping and analysis using GIS

Introduction

Chapter 2 introduced the basic concepts that underpin the technology of
GIS and discussed how GIS systems store and manipulate geographical
information. In this chapter we will move on to examine the use of GIS as
a tool for exploring, interrogating and visualising data. We introduce some
of the common analytical capabilities of GIS and show how standard tech-
niques that are available in most commercial GIS packages might be applied
to the analysis of land and property data.

In the first part of the chapter, we consider some different approaches to
mapping and presenting information with GIS. We go on to discuss the use
of GIS for exploring spatial relationships and combining data from differ-
ent sources. Finally, we consider some of the possibilities that are available
for data visualisation and manipulation using GIS.

Many of the topics introduced here are quite complex and the objectives
of the book preclude a detailed treatment of all of them. Other authors dis-
cuss the application of particular methods in more depth, and the annotated
bibliography at the end of the chapter is designed to point the reader to
other references that complement the material covered here and provides
more detail about the application of specific techniques.

Mapping and presenting information with GIS

All GIS packages have the ability to produce high quality thematic or topo-
graphic maps from the feature data stored within the system. Datasets such
as topographic maps, aerial photographs, satellite imagery and complex
databases can be combined and visualised concurrently. Map annotation,
scale bars and legends can all be generated and placed on the map by the
user. In many cases, insets showing more detailed portions of the main map
can also be produced. More advanced systems also allow the user to define
their own symbols to fit in with house styles and existing practice. Because
the GIS commonly incorporates a database of thematic data, extra analytical
information such as graphs and charts or summaries of tabular data can
often be included alongside the maps.
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Geographical Information Systems brings a high level of flexibility to the
processes of topographic and thematic mapping. Whether or not features are
included and how they are symbolised on the map, the map scale and ancil-
lary textual information are decided by the user. Complex drafting proce-
dures are completed automatically by the computer from the geographical
data structures discussed in Chapter 2. This high level of cartographic power
brings with it some potential pitfalls. The user needs to be aware of carto-
graphic good practice such as the choice of appropriate symbolisation, an
appropriate number of categories and colour schemes for effective visualisa-
tion of the information that is to be mapped and the limitations of scale and
generalisation caused by source data. We introduced these topics in Chapter 2.
More in depth coverage is available from standard cartographic reference
works such as Robinson et al. (1987) and the reader who is unfamiliar with
cartographic principles is advised to investigate further.

Mitchell (1999) has produced a useful typology of common mapping
operations that can be carried out using standard GIS techniques:

e Mapping a single feature type
e  Mapping by category
¢ Mapping using quantities and ratios.

We will discuss each of these approaches briefly.

Mapping a single feature type

It is often necessary to produce a map showing the geographical distribu-
tion of a single feature type such as houses, roads, railways or towns. In this
case, all of the features are usually assigned a single symbol. For example,
in the case of roads this might be a red line, or, in the case of towns, a black
dot. It is unusual to produce a finished map showing a single feature type.
Instead, some background information is often included to provide a context
for the information that is presented.

Consider Figure 3.1. It shows the distribution of electricity generating
power stations in Great Britain. Each facility is represented by a grey dot.
Context is provided by an underlying map of administrative areas that
allows us to locate the power stations.

Mapping by category

It is a common requirement to depict different categories of the same fea-
ture on a map. In the power station example we might be interested in the
generation methods used, for example coal fired, oil fired, gas powered or
nuclear facilities. We may require information about different classes of
road from local routes to national motorways or different types of land use
zoning in a town centre.
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Figure 3.1 An example of single feature mapping showing the location of power
generating facilities in Great Britain.

Figure 3.2 shows the same power stations categorised by type into six
groups and shaded accordingly.

Mapping using quantities and ratios

More elaborate possibilities become available when we introduce numerical
information into a mapping project. The most common methods of visual-
ising such information use graduated colours or different shading patterns to
describe the values of variables in particular areas while variations in sym-
bol size and colour can be used to depict different levels of magnitude for
a numerical value at point locations or along lines. Consider Figures 3.3 and
3.4. The first shows the power stations from the previous examples using
proportional symbols to map an artificial variable whose value ranges from
1 to 10 at individual stations. The second uses local education authority data
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Figure 3.2 Shading of a single feature type according to category.

for choropleth mapping to visualise General Certificate of Secondary
Education (GCSE) performance in the boroughs of East London. The choro-
pleth map is combined with a second GIS data layer showing the actual loca-
tion of the schools from which the data were collected. A proportional symbol
map could have been created just as easily at the individual school level, with
large symbols representing higher levels of exam success than small ones.
When mapping numerical data it is common practice to introduce ratio
measurements to visualise averages, proportions or densities, particularly
when working with data that are aggregated to a particular area level
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Figure 3.3 Proportional symbolisation of power generation facilities.

(Mitchell, 1999). We produce such ratios by dividing the variable of interest
by a second measurement for the same area. Percentage measurements are
commonly used to summarise ratio variables, and the exam success example
shown in Figure 3.4 provides an illustration of this approach. In each
borough, the total number of students passing at grades A to C has been
divided by the total number of pupils and the result multiplied by 100 to give
a percentage pass rate between 0 and 100.

An average value for an area can be created by dividing the variable of
interest by a second variable to give us a rate per unit of the second variable.
For example, if we know the total value of all of the residential properties
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Figure 3.4 Choropleth mapping of student GCSE performance in the Boroughs of
East London. Percentage of students attaining 5 or more GCSE passes at
grades A-C, 1999.

Source: London East Training and Enterprise Council, 1999.

within an area, we can calculate the average residential property value for that
area by dividing the total value by the total number of residential properties
present in the area. Similarly, if we know the total amount of retail floor space
that is available in a town centre and the number of retail premises in that cen-
tre, we can calculate the average amount of floor space per shop in the town
centre. Such information is very useful for visualising the differences between
areas as we can quickly see which ones score more highly than others do.

Dividing the variable of interest by a second variable of which it is a sub-
set produces a proportional measurement. For example, to visualise the pro-
portion of vacant properties in an area we would divide the number of vacant
properties by the total number of properties in the area. Percentages are par-
ticularly useful for visualising and comparing proportional measurements.

Density measurements provide a value of incidence per unit area (the area
units of interest might be square metres, square miles, square kilometres,
hectares or any other valid area measurement). They are very useful for
describing the differences between areas, since they take account of the rel-
ative sizes of the areas. Densities are calculated by dividing the variable of
interest by the size of the reporting region given in the area measurement
units of interest. To calculate the average property value per square
kilometre for a region, we would divide the total value of all the properties in
that region by its area in square kilometres. Once again, these measurements
are very useful for differentiating between areas.
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Choosing classes and colours on a map

In general, it is advisable to limit the number of categories shown on a map
to at most six or seven different types for a specific geographical feature
type (Mitchell, 1999; Robinson et al., 1987), particularly when using
colour to distinguish between map features. Robinson et al. (1987) note
that the ability to recollect hues and retain a visual impression is quite
restrictive and that where colour is used to distinguish one feature type
from another the colours should be as different as possible. Mitchell points
out that too few categories may not reveal sufficient information about the
geographical patterns present in the study area, while too many categories
may hide important patterns.

In general, if the number of categories to be mapped is less than seven, it
is acceptable to use different hues of a single colour for mapping. Where a
distribution of values fits clearly into two groups then it is useful to employ
one colour for the first group and a second for the other. If the data to be
mapped varied from —50 to +50, for example, we might choose shades of
blue for values below zero and shades of red for those above zero, with zero
itself represented using white. This rule of thumb can be extended where
multiple groups occur, with the restriction that the more colours and shades
we use, the more difficult it will become to interpret the map.

Observers will tend to associate darker hues with higher values, so it is
important to take account of this when producing maps. Additionally, the
human eye is more attracted to some hues than others and is able to distinguish
different shades of some colours better than others. Red, green and yellow elicit
more response than blue and purple (Robinson ez al., 1987) but it is easier to
distinguish between shades of purple and blue than some other colours.

There may be important cultural or social significance attached to par-
ticular colours. This could influence the visual impact of the map for dif-
ferent observers. There are also cartographic precedents such as the use of
‘standard’ colour gradients for relief or bathymetric shading that the
conscientious mapmaker will need to take account of.

When the number of categories to be displayed and the colour scheme to
illustrate those categories have been decided, there remains the question of
how to apportion the individual map features to different classes — where
should the break points between classes lie?

Choosing break poinis between classes

A critical choice for the mapmaker is where to define the boundaries
between classes that are used when mapping values of a particular variable.
There is considerable cartographic literature on this topic. Generally, it is
useful to look at the distribution of the variable under consideration using
exploratory statistical procedures and graphical tools like histograms or
cumulative frequency graphs to gain some understanding of how variation
occurs and use this to determine an appropriate method of classification.
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Most GIS systems are able to calculate an appropriate set of class intervals
using standard classification procedures given a user-defined number of
classes for the map and will apportion individual features to classes appro-
priately. Many also have the functionality to explore the characteristics of
the data using graphs and summary statistics before determining classes.

There are several common techniques employed for determining breaks:

1  The ‘natural breaks’ method developed by George Jenks (1977) using a
refinement of Fisher’s earlier algorithm for finding class boundaries
(Fisher, 1958). This method searches for large jumps in the data values
and fixes the class boundaries where these jumps occur, reflecting the
natural groupings of the data. It is quite effective at showing the dif-
ferences between high and low values where there are marked discon-
tinuities in the data, but less useful if the distribution of data varies
smoothly from low values to high ones.

2 Equal interval classification, which simply divides the data into »
classes of equal size. While simple in concept, this approach should be
treated with caution as it imposes an arbitrary scheme onto the data
without any consideration of how the data themselves behave. The
method is least successful where there is bunching of values or sharp
breaks in the data and will usually under emphasise patterns if discon-
tinuities do not occur at equal interval class boundaries.

3 Quantile classification, which partitions the data so that there are an
equal number of members in each of the # categories in the classifica-
tion scheme. This method is useful for balancing class membership and
should emphasise high and low values quite well, although extreme
values will be grouped with lower scores.

4 Classification using mean and standard deviation, whereby classes are
defined according to the number of standard deviations from the mean
into which they fall. This method is very useful for defining high and
low extremes in the data, but will only work well if the data are evenly
distributed around the mean and do not exhibit skewness. Plotting the
source data using a histogram should quickly show whether or not this
is the case and whether the method is effective.

In order to show the differences between the methods four maps were
created. The Townsend Index of Deprivation was used as the input variable.
This measures social deprivation, with a negative score indicating low lev-
els of deprivation and positive scores indicating progressively higher levels
of social deprivation. All of the maps had five classes at census ward area
level. The only change that was made was in the classification method used
to determine class boundaries. The results are presented in Figures 3.5 to
3.8. Consider the differences between the resulting maps. The class bound-
aries that result from each classification technique are shown in Table 3.1.



Figure 3.5 Classification of deprivation using the natural breaks method.

Figure 3.6 Classification of deprivation using the equal intervals method.



Figure 3.8 Classification of deprivation using the quantiles method.
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Table 3.1 Upper boundaries of classes for different classification procedures

Classification Class 1 Class 2 Class 3 Class 4 Class §
2.6 Nat. Breaks —-1.08 1.49 4.16 6.89 9.71

Eq. Intervals -1.3 2.06 5.43 8.80 12.17

Quantiles —0.65 1.77 3.87 6.10 8.73

Std. Deviation -2.36 1.87 6.1 10.3 14.5

Using geographical relationships in spatial analysis

A key advantage of GIS technology lies in its ability to manipulate and
retrieve information based on geographical patterns as well as the more tra-
ditional selection by descriptive criteria that is available in less specialised
database query and analysis. We can use GIS not only to select features of
interest, but also to see where they are and how they are related to one
another using digital maps. This allows us to ask questions that are difficult
to formulate using a standard database. Examples might be:

1 Identify all of the vacant one- or two-bedroom residential properties in
the London Borough of Camden that are within 2 kilometres of an
underground or main line rail station, are less than 1.5 kilometres from
the nearest superstore and have a market value of between £150,000
and £250,000.

2 Select all of the office buildings in a property portfolio that have broad-
band internet access, from three to five vacant office units of at least
1,000 square feet, existing information industry clients, short lease
terms available and are within 2 hours drive or 1 hour by train or tube
from central London.

3 Locate all of the vacant warehouse retail premises within 15 minutes
drive of the M25 motorway that are connected to a slip road that is
accessible by heavy lorries, and which are already part of an established
retail park and can offer at least 1 square kilometre of customer
parking space.

In this section we will examine the capabilities of GIS for retrieving infor-
mation using geographical relationships. We begin with basic operations
like measuring distances and proceed to consider more complex geographical
queries.

Simple geographical measurements

Using a digital map, we can carry out simple tasks like distance measure-
ment quickly and easily. In Figure 3.9 we have measured the straight-line
distance from a house to the nearest railway station.

In a similar way, measuring the length of features like fences, roads or
railways is straightforward and we can also obtain the perimeter or area of
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Figure 3.9 Measurement of straight line distance.

geographical features like shops or vacant sites in units of measurement that
we deem to be appropriate.

What is where and where is what?

When we link a digital map with a database, two new methods of geo-
graphical query become available. We can find out the characteristics of
features on the map by selecting them interactively, usually with a mouse.
In Figure 3.10 we have selected a land parcel from the map and are able to
interrogate the database record that pertains to that parcel.

The reverse — displaying objects on the map as a result of a database
request — is also possible, assuming that the database contains the informa-
tion that we need. In Figure 3.11 we have stipulated that we wish to find
all the land parcels that are used for residential purposes, have a value
between £1,20,000 and £2,00,000, have three or more bedrooms and were
built after 1925. This is a simple database query, but the results can be dis-
played on the map. In this case those properties that fulfil the criteria of the
GIS query are highlighted.

What is next to what?

In Chapter 2, we introduced the concept of GIS data structures. These
methods for storing geographical data provide the user with the ability to
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) ID: 125000119

o Area: 2,500

b " Owner: LB Barking

iy Address 59 North Avenue
) Land use: Education

Value: £500,000

=

Based upon the 1:1,250 Scale Landline® map with the permission of the controller of
Her Majesty's stationery office © Crown copyright

Figure 3.10 A simple geographical query, using the digital map to identify a feature
and then retrieving its characteristics from the database.

Where are the houses that |

y *. might want to buy?
Land use = Residential

Value = £1,20,000 - £2,00,000
x No. of bedrooms = 3 or more

@ , , Age = Post 1925

Based upon the 1:1,250 Scale Landline® map with the permission of
the controller of Her Majesty’s stationery office © Crown copyright

Figure 3.11 Visualising the results of a database query on the map.

interrogate a GIS using the relationships between geographical features as the
basis for queries. New modes of query become available to us through this
facility. We can discover which features are near to or linked to other features,
or how different groups of features are related to one another in space.
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Figure 3.12 Flood risk in a river valley.

In order to show how this might work, let us take an example. Consider
the case of an insurance company that specialises in flood risk insurance.
Now consider a hypothetical river valley. The valley is susceptible to flood-
ing, and major floods occur on a rough cycle of one every one hundred
years with a more minor flood likely to occur once every ten years or so.
Using a GIS and a suitable set of input data (heights above sea level meas-
ured around our river valley), we can construct a surface model that allows
us to map the geographical extent of the flooding during the one-hundred-
year and ten-year cycles. In Figure 3.12, we have done just that. The
zone around the river represents the maximum extent of flood inundation
every one hundred years. The zone close to the water line shows the area
that is susceptible to inundation every ten years.

On the same map, we have plotted the locations of houses that lie inside
the river valley. As an insurer, we are very interested to know which houses
lie within the flood hazard zones. We are even more interested to know
whether they insured against flooding. Equally, if we do insure them, should
we revise their premiums?

Using the geographical query capabilities of the GIS, we can find all of
the houses that lie within the ten-year and hundred-year flood hazard
zones. If we also store the postal addresses of the houses in the GIS data-
base and marketing information about local residents we can use this infor-
mation to target those households that are most likely to take out a new
insurance policy or switch their existing policy to a different product range.
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Figure 3.13 Circular, rectangular and polygonal buffer zones around point, line and
area features.

Selection using spatial relationships: the buffer zone

The insurance example introduces one of the most useful GIS analysis
operations, known as buffering. A buffer is a new map feature created at a
specified distance from one or more points, lines or areas on the map.
Consider the examples in Figure 3.13.

Buffer zones are very useful tools for determining spatial proximity and
whether or not features fall within critical distances of one another. They
can be used to model many diverse problems from zones of equal distance
or travel time from a starting point to the catchment areas of superstores or
town centres to the transmission ranges of mobile communication masts. In
Figure 3.13 each zone is of a fixed radius but in many GIS software pack-
ages it is also possible to vary the extent of the buffer zones according to
the characteristics of the objects around which they are drawn, or to create
multiple buffer zones around map features. The examples show how this
type of function can be used when deploying GIS methods for decision sup-
port. It is with this type of functionality that the analytical potential of GIS
begins to become more powerful. We can use the computer record of where
things are in relation to other things to ask new questions.

Combining different sets of data geographically

Among the most powerful operations that a modern GIS can perform is the
ability to superimpose one set of geographical data on top of another and
to combine the characteristics of both into a new set of information. In its
simplest form, this is a case of visualising two or more sets of cartographic
or aerial photographic information simultaneously, a procedure that has
been used by geographers and cartographers for many years. What the
computer brings to the overlay operation is to examine the similarities and
differences between layers in much more detail than was previously possible
and to carry out such overlays interactively so that exploratory investigation



Mapping and analysis using GIS 69

is possible. Combinations of geographical data that would take days or
weeks of drafting without computer technology or would simply be too
difficult to visualise can be accomplished quickly and easily using GIS
methods.

We can now measure the similarity, overlap or difference between two
spatial datasets very precisely. Equally important, we can explore the data-
base attributes of the different features that are overlaid at the same time as
their spatial comparison and investigate how those attributes relate to one
another across multiple geographical themes in the database. DeMers (2000)
suggests that, although there is still a lot to learn about the causal relation-
ships among spatial phenomena, the ability of GIS to perform exploratory
spatial analysis may result in the development of new hypotheses, new
theories or even new laws about spatial patterns.

The overlay process

Geographical Information Systems overlay involves the combination of
different data layers. Practically, this can involve a number of different
processes depending on the inputs to the analysis:

Point in Polygon Overlay
Line in Polygon Overlay
Polygon on Polygon Overlay
Line on Line Overlay

Point on Point Overlay
Point on Line Overlay.

AN »nh W=

Of these, the most commonly used for analytical purposes are Point in
Polygon, Line in Polygon and Polygon on Polygon overlays.

Before we look at GIS overlay in more detail, let us consider the mathe-
matical concepts that underpin the overlay process. The overlay operation
is a combinatorial process. Different geographical data layers are superim-
posed upon one another and combined to form a new layer according to a
user-defined rule or set of rules. Each input data layer can be thought of as
representing a mathematical set where every object in that layer is a mem-
ber of the set. The result of the overlay is a combination of the sets, depend-
ing on the rules that are used. When two sets, A and B, are overlaid, we can
use a Venn diagram to illustrate the set concepts of intersection and union.
Consider Figure 3.14. In the figure there are two oval shapes, A and B,
which overlap each other.

The diagram allows us to think about the different combinations that are
possible when we overlay two objects onto one another. The first combina-
tion possibility is intersection. The intersection of two sets is the area com-
mon to both of them. In the diagram, this would be area C, where A and B
overlap. Area C is the only place on the diagram where we are inside both
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Figure 3.14 An example to illustrate some simple set concepts.

A and B and is the zone of intersection between the two areas. The zone of
intersection is the region of the map where both A and B exist. It is com-
mon practice when formulating GIS database queries to think of the results
of such an overlay as being true (successful) or false (unsuccessful). This
characteristic can then be represented easily using a binary value of 0 or 1,
where 1 represents ‘true’ (intersection) and 0 is ‘false’ (no intersection). In
these terms, area C is the only part of the diagram where the intersection of
A and B is ‘true’. In all other areas, there is no intersection between A and
B and we would obtain a value of 0 (‘false’).

A second common combination is the union of two sets. We can think of
the union operation as a combination of all the parts of the input objects.
On the diagram, this would be anywhere that is inside area A, area B or
both A and B. To obtain a value of 1 (‘true’) in this case, we must either be
inside A or inside B or inside both shapes. Anywhere outside A, B or both
of them is not part of the union of the two shapes and would have a value
of 0 (‘false’). Here are some common overlay combinations and the areas
on the diagram that they represent:

Relationship Area on the diagram

A and B The area common to both A and B (area C).

AorB Either inside A or inside B or inside both — A, B or C.

(not A) and B Outside A and inside B — includes all of B except area C.

(not A) and (not B) Outside A and outside B — anywhere that is not inside
either shape.

A and (not B) Inside A and outside B — includes all of A except area C.

not (A or B) Not inside A or inside B — the area outside both shapes.

There are many possible combinations of these relationships and all can be
extended to include more layers if necessary. Using them it is possible to
create very sophisticated overlay procedures. The sample questions that we
posed at the beginning of this chapter are all examples where this type of
procedure might be applied. In each case, there are several different



Mapping and analysis using GIS 71

geographical datasets under consideration and we need to find places where
a series of conditions are fulfilled across one or more of them. We will take
a simple example of overlay analysis with a land and property theme to
illustrate how these concepts can be applied in a land and property man-
agement context. If such an exercise were to be undertaken in reality we
would require considerable additional information. The present, simplified
case is designed to demonstrate how concepts of GIS overlay might be
applied in this type of scenario.

Consider the hypothetical case of a newsagent that wishes to open a new
branch selling newspapers, magazines and confectionery in a local suburban
centre of London. Let us assume that for a vacant shop to be suitable for
this purpose a number of conditions must be met:

1  The vacant shop must be within 100 metres of the nearest railway or
tube station.

2 The shop must be within 50 metres of a bus stop.

3 The retail floor must be at least 100 square metres in size, with a
frontage of at least 5 metres.

4  The premises must also include a storage area and sufficient space for
a small office — at least another 100 square metres of available space.

5 The monthly rent for the premises must be less than £2,000.

6 There must be no competitor premises within 25 metres.

In order to find suitable premises several tasks must be undertaken. First,
we would need to review what information is required to perform the
analysis. To carry out the query successfully, we require information about
the following items:

1  The location of public transport infrastructure within our study area.

2 The location of competitor premises within the area.

3 The location of vacant premises and details about the rent, available
retail, storage and office space that they can offer.

Figure 3.15 is a map of the shopping area under consideration. Vacant
shops are shown in mid grey, while competitor premises are shown in dark
grey. Other shops are shown in light grey and bus stops are shown as
squares.

Next, we need to construct a series of queries that find those shops that ful-
fil the six conditions specified. To do this, we construct a series of GIS over-
lays. First we define all those areas within 50 metres of a bus stop by defining
a buffer zone around each of the bus stop points. These zones are then over-
laid onto the map and we can select those vacant premises that are within
50 metres of them. Figure 3.16 shows the result of this process showing the
50 metre zones around the bus stops and suitable shops in light grey.

Next, we select only those shops from the bus stop set that are within 100
metres of the railway station by generating a second buffer zone of



Figure 3.15 Siting a new newsagent in a suburban centre using buffer zones and
overlay techniques (1 of 4).

Figure 3.16 Overlay and buffer generation (2 of 4).
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Figure 3.17 Overlay and buffer generation (3 of 4).

100 metre radius around the station and overlaying it onto the shops. The
results are shown in Figure 3.17.

We have now restricted our choice to four vacant premises around the rail-
way station. These four are within the required range of the bus stops and the
required range of the railway station.

For our final overlay, we find only those of the remaining four shops that
are not within 25 metres of a competitor. We can do this by creating a third
and final set of buffer zones around the competitor newsagents, shown as
small circles on the map. Figure 3.18 shows the results. The hatched grey
area in the centre is unsuitable, since it is within 25 metres of competitor
premises.

We have narrowed down the choice of premises to just two vacant shops.
The final stage of the process is to perform a database query on the remain-
ing candidates. We select only those shops with a retail floor that is at least
100 square metres in size, a frontage of at least 5 metres, a storage area and
sufficient space for a small office and a monthly rent for the premises that
is less than £2,000.

Combining features through geographical overlay

In the example of vacant shop selection described above, the overlay process
was used simply to select out those features on different input layers that met
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Layer one Layer two Combined layer

Figure 3.19 An example of combinatory geographical overlay. Layers one and two
are combined to form six new objects. Those which are formed by the
overlap of layers one and two will require some attribute combination.

our criteria for possible sites. It is also possible to extend the overlay process
so that map features on input layers are combined together to create new
geographical objects. Consider the example in Figure 3.19.

Some examples of the use of combinatory overlays

Let us first return to the insurance example depicted in Figure 3.12 to illus-
trate how combinatory overlay procedures might work. In the example, the
point locations of individual properties are overlaid onto the flood zones on
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Figure 3.20 Combinatory overlay requiring attribute integration.

the map. This ‘Point in Polygon’ overlay procedure will result in a set of
composite point objects. Each composite point will include all of the
descriptive information about the property itself, as well as the information
associated with the flood zone that it lies inside.

For a more complex example of combinatory overlay, consider Figure 3.20.
In this example, polygon A lies on the intersection of two other polygons.
How should the attributes of the two other features be apportioned to A?

This problem requires us to address the question of how to combine
attribute information from different source objects in a composite object.
How this is done will depend upon the information that we are trying to
obtain and the nature of our input data. Chrisman (1997) presents a useful
introduction to this topic and suggests that the following general methods
of attribute combination can be considered:

1 The DOMINANCE rule. One value is selected from the possible set of
attribute values and assigned to the output object, all others are erased.
Examples: Take the highest value, and take the lowest value.

2 The CONTRIBUTORY rule. Here, the attribute values of all the input
features contribute to the result. Examples include taking the mean of
all the input values, taking the most popular (modal) value, taking a
weighted value for each input, taking the sum of the input values.

3  The INTERACTION rule. As well as recognising that each attribute
score has something to contribute to the result, this method also looks
at the interactions between individual attribute scores and other attrib-
utes of the input features. It is used where more than one attribute
needs to be considered at the same time. See Chrisman (1997) for an
expanded discussion and some examples.
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Data structures and combinatory geographical overlays

The way in which geographical data are stored will affect the complexity
and results of the overlay process. Most overlay and query work in the land
and property sector involves geographical features from the built environ-
ment. In general these are represented most effectively in a GIS using the
vector data structure and stored as point, line or area objects.

Broadly, vector overlay requires the following stages to be carried out:

1  Find all of the intersections between the input themes and create a new
link and node topological structure from the results.

2 Identify all of the new polygons formed by the overlay.

3 Find which of the original polygons that the new polygon overlaps with
and assign its attributes accordingly.

4 Usually a new attribute table is constructed that consists of the
combined old attributes, or new attributes formed by logical or math-
ematical operations on the old ones.

Each of these operations is quite complex. Of the four, the last one poses
the most problems for the analyst because a decision must be taken about
how to combine the attributes from the source layer into the new layer
where overlaps between features occur.

It is also possible to carry out GIS overlay operations and standard ana-
lytical functions like buffer zone generation using raster datasets. In fact,
most of the pioneering works on GIS overlay were carried out using raster-
based systems because the complex processing requirements of vector over-
lay were significantly more time-consuming than their raster equivalents.
This has become progressively less important as the power of desktop
computing systems has increased.

Tomlin (1990) provides a comprehensive account of raster overlay pro-
cessing. Since each raster grid layer usually has the same cell resolution and
spatial extent, the processes of combinatory overlay and functions like
buffer generation are generally less time-consuming than their vector coun-
terparts. Vector layers rarely contain objects with exactly similar spatial
extents and the most complicated part of the vector overlay process is
usually the process of working out partial overlaps between features and
creating new features from them.

Analysis using a raster GIS: an example using simple datasets

Let us assume that we have a raster database comprising three different
layers of information at the same cell resolution for the same area. Each
layer comprises a Skm X 5km grid, with each cell covering one square
kilometre. We wish to locate those raster cells where there is the highest
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potential for successful residential development. This requires us to generate
a composite layer derived from the three input layers:

e Layer One: development potential, a composite score from 1 to 10 that
considers soil type, planning restrictions, planning history and local
land prices.

e Layer Two: accessibility, a composite score from 1 to 5 that measures
access to local facilities, public transport links and the road network.

e Layer Three: flood hazard risk, a score from 0 (no risk) to 5 (high risk).

We have defined a set of rules to define suitable areas for development. An
area is suitable if it satisfies the following criteria:

e The development potential score must be at least six out of ten.
e The accessibility score must be at least three out of five.
e The flood hazard risk must be less than two.

The three input layers are shown as follows:

Raster layer 1 -
6 7 4 2 2 Development potential
1-3 = Low potential
6 5 3 3 1 4-5 = Intermediate
potential
6-8 = High potential
4 ° t 2 1 9-10 = Very high
potential
5 6 5 3 1
8 6 4 3 2

Raster layer 2 —

3 5 3 2 2 Accessibility
1 = Very poor
2 3 2 2 2 accessibility

2 = Poor accessibility
3 = Intermediate

3 4 3 1 2 o
accessibility
4 = Good accessibility
3 3 4 1 ! 5 = Very good
accessibility
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Raster layer 3 — Flood risk

0 0 2 2 2 0 = No risk
1 = Very low risk

0 0 1 1 5 2 = Low risk
3 = Intermediate risk
4 = High risk

0 1

0 L 2 § = Very high risk

0 1 1 1 2

1 1 1 2 2

There are many ways of generating a solution to this problem, but all
involve two basic raster operations: reclassification and combination of
data. Here, we consider a two-stage procedure. First, each layer is reclassi-
fied so that cells are coded either suitable (1) or unsuitable (0). Finally, we
multiply together the three layers. All cells in the output layer with a value
of 1 fulfil all the necessary criteria for development sites. Cells with a value
of zero do not fulfil at least one of the criteria. These steps in more detail are:

1 Recode the development potential layer so that cells with a value less
than six score 0 and all other cells score 1.

2 Recode the accessibility layer so that cells with a value of 0, 1 or 2 are
recoded 0 and all other cells are coded 1.

3 Recode the flood hazard layer so that cells with a value of 2 or more
are recoded 0 and those with a score of 0 or 1 are coded 1.

Layer 4 — Development

1 1 1 0 0 potential
1 = Suitable
0 0 0 0 0 0 = Unsuitable
0 0 0 0 0
0 1 0 0 0
1 1 0 0 0
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Layer 5 — Accessibility
! ! ! 0 0 1 = Suitable
0 = Unsuitable
0 1 0 0 0
1 1 1 0 0
1 1 1 0 0
1 1 0 0 0
Layer 6 — Flood risk
1 1 0 0 0 1 =Low risk
0 = High risk
1 1 1 1 0
1 1 1 1 0
1 1 1 1 0
1 1 1 0 0

The final stage of analysis is to overlay the results of our reclassification
to find the answer to our question. We generate a final layer, where cells
satisfying all three conditions are set to 1, and cells that do not are set to 0.
The answer, in layer 7, would be:
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Layer 7 — Areas suitable for
1 1 0 0 0 development
1 = Suitable
0 0 0 0 0 0 = Unsuitable
0 0 0 0 0
0 1 0 0 0
1 1 0 0 0

This is an example of map algebra (Tomlin, 1990). Map algebra is
the process of performing a sequence of numerical operations on every cell
in a grid layer simultaneously. It often involves the combination of grids
using mathematical operations (in this case multiplication of cell values)
and using a series of input grids with exactly the same resolutions and
geographical extents at the same time.

Visualisation techniques

We have introduced many of the standard methods of map customisation
and data combination that GIS can offer the mapmaker. However, by bring-
ing data into the digital environment a range of new visualisation options
become available. When coupled with the graphical capabilities of the cur-
rent generation of desktop computer systems, GIS data processing presents
new opportunities for the visualisation and interactive exploration of land
and property datasets. The user of such desktop systems now has access to
data analysis capabilities that were once the preserve of expensive mini-
computers and dedicated graphics workstations. In this short section, we
demonstrate two approaches to data visualisation in three dimensions that
are available in GIS and show how they might be applied. These approaches
are not exhaustive, and once again we provide some references for the
reader who wishes to learn more about alternative methods of visualisation.

Visualising thematic map information in three dimensions

The use of 3D visualisation often complements 2D representations of geo-
graphical data. Patterns may be easier to identify and differences between
map features may be made more obvious. The examples in Figures 3.21 and
3.22 contrast a 2D choropleth map showing density measurements for com-
puting sector businesses with a 3D representation of the same information.
Marked differences between density levels can be quickly ascertained from
the 3D representation.
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Figure 3.21 Mapping business densities in East London — a traditional cartographic
example.

Source: Reproduced by permission of HarperCollins publishers.
www.bartholomewmaps.com © Bartholomew Ltd 2002.

Figure 3.22 The same business density data set viewed in three dimensions.

Visualising the built environment

The use of CAD tools for 3D representation of buildings is widespread.
Some GIS software now includes the capability to use CAD visualisation
methods in combination with the environmental modelling tools of GIS
surface modelling to produce realistic visualisations of the built environment.
Truly ‘immersive’ virtual environments (whose application in the land and
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Figure 3.23 3D visualisation of the built environment. Spot height and aerial
photography data were provided by The Geolnformation Group
Ltd. The 3D visualisation was generated by the authors.

property sector is discussed in more detail later in this volume) are still the
preserve of university research facilities and dedicated commercial laborato-
ries. They require computing tools that are prohibitively expensive for the
desktop user. However, it is possible to produce effective 3D visualisations
of the built environment with standard computer hardware. These extend
traditional CAD functionality by allowing the user to explore and query the
GIS database in tandem with 3D visualisation procedures.

The example in Figure 3.23 is a still taken from a computer model
created using GIS to show the location of a development site in inner
London. The model was generated from spot height information and build-
ing extents and heights obtained from aerial photography and digital aerial
photographs of the study region. It includes a simple block visualisation
of buildings. The landscape is brought to life by draping the aerial photo-
graph of the study region over the 3D elevation model created from the
spot height data. The development site itself is outlined. Realistic shadows
and skyline textures are generated automatically by the visualisation
software.

Such models allow the user to explore the local context of development
sites. Additional information, such as the distance to key facilities can
be superimposed onto the visualisation. Specific features can be highlighted
or emphasised and the whole explored interactively through dynamic
animation in real time. Although it is unlikely that such methods will



Mapping and analysis using GIS 83

replace the 2D map, which still provides a wonderfully concise way of
representing geographical variation flexibly and efficiently, they do provide
alternative views of information and can bring the built environment
dramatically to life.
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property management






4 Mapping, land information systems
and conveyancing

Introduction

The use of GIS in mapping has been the starting point for many GIS imple-
mentations in local government, utilities and the private sector. As far as the
user is concerned mapping represents a use of GIS that is easy to under-
stand, provides tangible benefits across an organisation (a corporate rather
than a departmental application) and provides a springboard from which to
launch more sophisticated applications. There has been acceleration in the
development of GIS applications in land and property management and this
is due in part to more data becoming available at less cost. Initiatives such
as the National Land and Property Gazetteer (NLPG) and the National
Land Information Service (NLIS) have also been important catalysts and
these are discussed in this chapter.

Many users of GIS do so primarily in order to produce maps. For exam-
ple the London Borough of Hackney used a web-based GIS to disseminate
maps to council personnel and Kingston London Borough Council use GIS
to enable the general public to access the authority’s geographic data. The
display of geographic data using a GIS may require little in the way of ana-
lytical capability but, if the data are to be of use to a wide spectrum of users,
the display must be as accurate and as up-to-date as possible. This is par-
ticularly so for maps illustrating property features because they need to be
large scale and require high resolution. Accurate, up-to-date and compre-
hensive attribute data are also required at the property level. A common
misconception is that the introduction of GIS for mapping will be straight-
forward. Often it is at this stage that an organisation realises that its data
are not fit for the purpose intended and an expensive data cleaning exercise
is a necessary precursor to GIS-based map production.

This chapter begins by describing mapping applications that are specific
to the property industry. It then switches emphasis to land and property
information systems that incorporate some form of mapping. Land
Information Systems (LIS) are more concerned with data accuracy than
analytical capability and their development relies on government policy and
action. The main problems that have affected developments in this area are
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outlined, such as map and attribute data quality and access. The national
initiatives that have been implemented to solve these problems are then
described, such as the NLPG. This lays the foundation for the introduction
of the NLIS, focusing at this stage on the way in which this broad initiative
might be used to improve access to and availability of land and property
information. The final section of the chapter describes the leading applica-
tion of NLIS - a service designed to support the property conveyancing
process.

Mapping property information

Maps are indispensable tools for understanding and interpreting geographi-
cal patterns and relationships between features of the built environment such
as shops, residential neighbourhoods and road infrastructure. For example
there may be proximity relationships and locational patterns between these
features that may not be obvious from text, tables and charts. An historic
example of the way in which maps are able to reveal patterns in geographi-
cal data is the research undertaken by Dr John Snow, a medical doctor in
nineteenth-century London, who was trying to understand what was caus-
ing a cholera epidemic in the Soho District of the city. Dr Snow documented
the geographical location of every death in London. His map, shown in
Figure 4.1, indicated that the outbreak had occurred within a 250-yard
radius of the Broad Street water pump. Bars adjacent to the location along
each street where a fatality occurred were placed on maps of London along
with streets, water pumps and other municipal facilities. The maps revealed
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Figure 4.1 John Snow’s map of the Broad Street pump cholera outbreak, 1854.
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at a glance that the deaths were clustered around the water pumps, indicating
that the water supply was a potential carrier of the virus. With further
research, Dr Snow explained anomalies and pointed to the water as the main
source of the disease. He had the water pump removed and his theory was
proved correct within three days when the epidemic abated. With this first-
known example of epidemiological research, Dr Snow became the ‘father of
modern epidemiology’ (www.jsi.com).

Map production

The UK benefits from a national, large-scale (1:1,250 in urban areas,
1:2,500 in rural areas and 1:10,000 on mountain and moorland) map base
that covers the whole of the British Isles. It is known as the National
Topographic Database and has been held in digital form by the Ordnance
Survey (OS) since 1995. This is by far the largest and most comprehensive
national digitisation programme to be completed in the world at compara-
ble scales, in terms of data volume and map units, if not land area. At the
large scale — the scale of most relevance to property decisions — this digital
map product is known as Landline. Digital Landline map ‘tiles’ are available
for purchase and are increasingly used in GIS for property-related functions
such as planning and infrastructure management. Use of Landline data was
spearheaded by organisations directly responsible for undertaking statutory
functions such as local authorities and utility companies. Figure 4.2 illus-
trates how large-scale digital mapping from the OS defines building outlines.
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Figure 4.2 OS Landline map data.
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The problem with Landline, as far as users of GIS were concerned, was
that it was just a digital replication of the paper-based maps that it replaced.
In other words, a Landline map tile, once loaded into a GIS was just a col-
lection of lines and points on the computer screen. To really harness the
power of GIS, a topological data model for large-scale map features needs
to be present so that geographical relationships such as adjacency, connec-
tivity and containment can be represented. Recent development of the
National Topographic Database has led to the introduction of a new digi-
tal map product called Mastermap. Mastermap is the OS’s new topographic
view of the real world where nine themes or map ‘layers’ represent groups
of features such as buildings, roads, land and water. Mastermap, unlike its
predecessor Landline, is based on a topological data model and uses points,
lines and polygons to represent real world features, which are described
using metadata. Features that were represented using lines and points in
Landline have been reformatted so that, where relevant, polygons
represent features such as houses, lakes and parks. Unique identifiers allow
attribute data to be linked to map features. Figure 4.3 illustrates, using
shading, how Mastermap represents the real world as a collection of
polygons rather than linework.

Mastermap will mean that users can link their data to OS map features
directly rather than using OS Landline as a backdrop to other land and
property data. Some of the enhancements that Mastermap has compared to
Landline mapping are particularly useful for property applications. First,
buildings, land parcels, fields, open spaces and other real world features are
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Figure 4.3 OS Mastermap.
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represented by polygons with unique identifiers. So a building, for example,
can be classified or shaded depending on its attributes. Second, Mastermap
themes will be available in a seamless format. Users will be able to purchase
data by theme rather than by tile. Indeed, the first Mastermap theme to be
made available is the National Buildings Data Set. This data set comprises
over 40 million building polygons together with a unique identifier for
each. The National Buildings Data Set has been used by housing associa-
tions, utilities, insurers and property managers for statistical analysis and to
assist asset management, pollution analysis, flood-risk assessment and plan-
ning. For example, the OS, the Property Advisors to the Civil Estate
(PACE), the Land Registry and English Heritage developed an application
that identifies a property, conducts a legal search using a common identifier
and returns the legal extent of the property (which may contain several land
parcels). It is then possible to conduct a search for, say, listed buildings
within these land parcels. The OS is also working with developers to struc-
ture Computer Aided Design (CAD) design data from development plans so
that they may be more rapidly incorporated into Mastermap.

Integrating maps and property data

Conventional 2D maps display geographical data and are vital for reveal-
ing spatial relationships and patterns. But the real world is 3D and two
dimensions can fail to satisfactorily display land and property data at the
scale of the individual legal interest in a property. For example, the exis-
tence of several property interests on successive floors of a multi-storey
building, illustrated in Figure 4.4, are not easily depicted using a 2D map.

So although maps provide an intuitive interface for accessing land and
property data they are not necessarily the best means of managing such
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Figure 4.4 Seed points for property interests on each floor of a building.
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data. As an example, many local authority services require address-based
data sets (e.g. electoral register, environmental health, land charges, hous-
ing, council tax and non-domestics rates collection, social services) but only
a small number require data sets that have other forms of geographical ref-
erence, such as national grid co-ordinates. This has led to the realisation of
the importance and subsequent development of a single address database
for the UK - the National Land and Property Gazetteer (NLPG). The NLPG
is a definitive national index of land and property and is facilitated by
adherence to BS7666, the British Standard for describing and locating land
and property. The NLPG is therefore more than a map or ‘mosaic’ of land
and property interests — it is a referencing system for objects that occupy 3D
space. In this way, it could be said that Mastermap property identifiers are
2D while NLPG address identifiers are 3D, with a relational link between
the two. This is illustrated in Figure 4.5. A key objective of the NLPG is to
integrate land and property data sets.

BS7666 specifies a consistent format for holding details on every prop-
erty and street. The standard defines a land parcel as a Basic Land and
Property Unit (BLPU). A BLPU is defined in BS7666 Part 2 as a contiguous
area of land in uniform property rights or, in the absence of such ownership
evidence or where required for administration purposes, inferred from
physical features, occupation or use. Each BLPU has a Unique Property
Reference Number (UPRN) — illustrated in Figure 4.6, a spatial reference
(national grid co-ordinates) and one or more Land and Property Identifiers
(LPI). The LPI is basically the address of the BLPU in a standard format that
uniquely identifies the BLPU in relation to a street as defined and held in
the National Street Gazetteer. The recording of the extents or boundaries of
land parcels, rather than just seed points, enables more sophisticated spa-
tial queries using GIS. So, whereas the previous version of BS7666
described only point data, with each BLPU given a single set of national
grid co-ordinates, the revised version stipulates that each BLPU can also
have one or more extents held within the NLPG. An extent is defined as the
spatial boundary of the BLPU, represented by a polygon and/or a closed set
of grid co-ordinates.

The NLPG is itself the aggregation of Local Land and Property Gazetteers
(LLPGs). Local authorities are the definitive source of addresses due to their
statutory responsibility for street naming, numbering, planning and develop-
ment control. Local authorities are therefore crucial to the effective creation
and maintenance of LLPGs and, in turn, the NLPG. For example the Bristol
LPG was constructed by integrating Valuation Office (VO), Land Registry, OS
and internal data sets to form BLPUs with UPRNs and is BS7666 compliant.
The main problems encountered in its creation were a lack of information
about flats, commercial properties and industrial estates and differences in
the way addresses were treated. Matching non-domestic properties was
harder than matching domestic properties. Also, matching in rural areas was
less successful than in urban areas due to missing property descriptions, the
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absence of definitive street names or presence of alternative street names and
differences in settlements in which properties were placed (Smith, 1994). For
the NLPG to work, maintenance of LLPGs must be given high priority by
local authorities. Successful maintenance will involve the integration of local
authority address data sets such as the electoral register, council tax, plan-
ning and street numbering/naming functions. Once a LLPG has been created
the local authority can use a BS7666 compliant gazetteer application (an
example of which is shown in Figure 4.7) to store and manipulate the data.

Development of the ‘embryo’ NLPG is under way. A company called
Intelligent Addressing is constructing the gazetteer from existing national
address data sets such as the Council Tax Lists, the Ordnance Survey
Address-Point data set and Intelligent Addressing’s existing commercial
property gazetteer which includes the Non-Domestic Rating List. When this
first stage is completed, the results will be matched by Intelligent
Addressing to address data sets held by each local authority, including the
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Figure 4.7 BS7666 gazetteer application.

Source: Used with permission of Innogistic Software plc.
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Electoral Registers, Address-Point, Council Tax and locally held Non-
Domestic Rating Lists. This second stage process will clean and synchronise
the national data set with those of each local authority. As each authority’s
data sets are matched, they will be returned as a BS7666 compliant Gazetteer
complete with an official UPRN. A national ‘mosaic’ of BS7666 compliant
LLPGs will thus form the constituent parts of the NLPG. Once complete the
NLPG will be a referencing system that is available via a simple tariff to
help pay for the compilation of the LLPGs by local authorities. The NLPG
will be the master address index to which organisations, public and private,
can link their data. Initiatives such as the National Land Use Database
(NLUD), NLIS, searches of local land charges, sellers’ packs and local
authority property asset management will ultimately all rely on the NLPG.

Mapping property data is not a function confined to the public sector. For
example, in order to map the location of property-specific data, property
consultants Jones Lang Lasalle (JLL) conducted a pilot project at their
Leeds office to develop and evaluate a property-related GIS using in-house
data. The aim was to develop a property-related application for the Central
Business District (CBD) of Leeds, to act as a precursor for other applica-
tions across the company using GIS and OS large-scale digital mapping.
Currently, a number of internal databases are used to record various aspects
of property information within the firm and there are inconsistencies not
only between databases in how property data are recorded but also within
each database too. This is a problem encountered by many users of
GIS - the introduction of an information system that requires data to be
integrated in a geographically consistent manner from various sources
begins with a data cleaning phase. The pilot project is concentrating on
JLDs agency database. A point theme has been created that, to date,
includes around 500 properties that have been geographically referenced
and plotted on large-scale maps. This theme overlays a raster map of the
urban area to create a ‘digital atlas’ of the Leeds CBD. The GIS provides the
ability to query the database on various characteristics such as rents, take-
up, availability and occupier type. Also, photographs can be incorporated.
The use of points to illustrate the location of properties did not prove pop-
ular with surveyors, who preferred building extents to be shown. Building
polygons can be shaded according to attributes recorded in the agency data-
base such as rent, number of floors, age, ownership, availability, vacancy
and take-up rates and lease details, together with digital photographs.

Developments such as these will remain internal to individual organisa-
tions until the NLPG establishes itself and reaches critical mass because
one of the major barriers to the development of map-based property
data services has been the lack of a consistent standard for referencing
property data. Private sector data suppliers and users need the security
of a referencing standard in order to ensure that their investment in data is
long term.
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Land registration and land information systems

The previous section described how digital mapping at the property level
and a unified property referencing system allow simple map production to
be undertaken and property-based data sets to be mapped. This section
will illustrate how map-based property referencing can be used to
develop land and property registration and information systems at the
national level.

Land registration

Successful market economies depend on national systems for secure owner-
ship of land and property in which all who live or work in the country can
have confidence. The cash value of land transacted in the UK exceeds that
of the Stock Exchange on a daily basis and a ‘land registration system is the
cornerstone of a modern land and mortgage market based on guaranteed
private rights in land’ (Manthorpe, 2001). A Land Register records owner-
ship details of land parcels. In many countries it is not possible to actually
‘own’ the land, rather it is the ‘right to use’ land that can be owned, known
as land tenure, and a land register is a legal document that records the enti-
tlements or ‘titles’ to these land rights. The recording of land and property
rights, ownership and value is important because effective property man-
agement requires the rights of owners to be secure and the value and use to
be identifiable. There are two main methods of registering land rights:
registration of deeds and registration of title.

Registration of deeds: A copy of the deed of transfer (the legal con-
veyance contract) is deposited in a public place and provides a priority
claim to ownership. However, this is a method of registering legal docu-
ments associated with a conveyance rather than title to land. Countries that
have a deed registration system have reported errors in the description of
the property concerned. These errors can be minimised by improving
records management, adopting more flexible survey standards and proce-
dures, making registration compulsory (as in the UK) and computerising
access to indices and abstracts of title (as in the UK).

Registration of title: A specimen register of title is shown in Figure 4.8.
Here the basic unit for registration is the land parcel rather than the deed.
The land parcel is a contiguous area of land within which unique, homoge-
neous rights or interests are recognised. In a legal cadastre these
rights are legally recognised. Each land parcel is identified on a map that
is cross-referenced to the register of the owner’s details (proprietorship
register), nature of tenure and ancillary information. Most registers of
title guarantee the information so compensation is payable for incorrect
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information if loss is incurred. In the UK, registration of title began in the
1860s. Once registered the entry will show:

Property Register: date, address and Title Plan
Proprietorship Register: owner’s details and nature of title, e.g.
freehold

e Charges Register: any adverse interests affecting the title, e.g. mortgage,
easement, restrictive covenant.

Specimen Register
I TITLE NUMBER: CS572510
HM Land Registry

Edition date: 31 August 1990

Entry A. PROPERTY REGISTER
No. owtakolug T
COUNTY DISTRICT
CORNSHIRE MARADON
L. (19D ber 1989) The Frechold land shown edged with red on the plan of the above Title filed

at the Registry and being 13 Augustine Way, Kerwick.

2. (19 December 1989) The land has the benefit of a right of way on foot only over the passageway
at the rear leading into Monks Mead.

“B. PROPRIETORSHIF REGISTER
No. saaing of dhe Tidde, sddress crip and dinposiog thereol
TITLE ABSOLUTE

L. (31 August 1990) Proprietor(s): PAUL JOHN DAWKINS and ANGELA MARY DAWKINS both
of 13 Augustine Way, Kerwick, Maradon, Comshire.

2. (31 August 1990) RESTRICTION: Except under an order of the registrar no disposition by the
proprietor(s) of the land is to be registered without the of the proprietor(s) of the Charge
dated 29 July 1990 in favour of Weyford Building Society referred to in the Charges Register.

Entry C. CHARGES REGISTER
No. - . adverssly -

1 (31 August 1990) A Transfer of the land in this title dated 29 July 1990 made between (1) JOHN
EDWARD CHARLES BROWN and (2) PAUL JOHN DAWKINS and ANGELA MARY
DAWKINS i

NOTE:- Copy in Certificate

2. | (31 August 1990) REGISTERED CHARGE dated 29 July 1990 the including the
further advances therein mentioned.

3, | (31 August 1990) Proprictor(s): WEYFORD BUILDING SOCIETY of Society House, The
Avenue, Weymouth, Cornshire

#++++ END OF REGISTER *+***

NOTE A: A date at the beginning of an entry is the date on which the entry was made in the Register.

NOTE B: This certificate was officially ined with the register on 31 August 1990

Figure 4.8 Register of Title.
Source: Reproduced with permission of Her Majesty’s Land Registry, © Crown Copyright.
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In England and Wales Her Majesty’s Land Registry (HMLR) is responsible
for the registration of title to land in England and Wales. There are cur-
rently 17.4 million registered titles (out of approximately 25 million titles
in total — many of the unregistered titles are rural) and the records are held
at twenty-four District Land Registries. Completion of the Register’s geo-
graphical coverage is expected by 2010. Further planned improvements
include the registration of all leases of three years or more (rather than the
present 21-year limit) and the inclusion of details regarding owners, leases,
mortgages and other interests from 2003. To date, 98 per cent of the
Registers of Title have been computerised and are held online. The 1988
Land Registration Act meant that Land Registry data was opened to
public inspection in 1990. Prior to this only the owner or a person who had
the owner’s consent could inspect the register. The Land Registry now
provides a service that allows subscribers to access registers and scanned
title plans online.

A Title Plan (an example of which is shown in Figure 4.9) is created for
every registered land parcel. The plans are based on OS large-scale mapping
and show, as accurately as possible, the extent of the land in a registered
title. In addition a Title Plan may also show other plan references which
identify any parts of the land or adjoining land affected by entries in the
register, such as easements, covenants or areas of land removed from the
title. The Title Plan should be read in conjunction with the Register of Title
because the plan is part of the certificate of title if it is referred to in the reg-
ister, which it normally is under a statement such as ‘particularly delineated
edged in red on the attached plan’.

The extent of the registered land on the Title Plan is normally shown in
red edging drawn along the inner edge of the lines of the physical bound-
aries or the plotted lines of undefined boundaries surrounding the
property. Where a registration includes only part of a building, for exam-
ple, a room over a passageway, a plan reference will be added and an
explanatory note given in the Property Register. Complex floor levels will
sometimes be shown on a supplementary plan, which will be prepared at a
larger scale and attached to the Title Plan. Where the extent of the property
is complex (e.g. multiple floor layouts or common parts) a Title Plan is
sometimes supplemented by a deed which is referred to in the Property
Register.

All of the Title Plans held by HMLR have been digitally scanned and can
be viewed as raster images online. However, the scanned Title Plans can be
difficult to interpret and do not facilitate spatial searching. The task of
digitising the Title Plans so that they are held in vector form is clearly
a substantial one. A digital mapping pilot project took place in
Peterborough in the 1980s using a Unix computer system but the cost-benefit
analysis identified significant costs, particularly in terms of digital OS map
data. Subsequently a PC-based system was implemented at the Weymouth
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Figure 4.9 Title Plan.
Source: Reproduced with permission of Her Majesty’s Land Registry, © Crown Copyright.

District Land Registry. This system provides a geographical interface for the
procedures associated with the creation of a Title Plan. The system has now
been extended to all twenty-four District offices. Consequently, a hybrid
Title Plan system is in place; existing plans are stored in a scanned image
format while new registrations are entered digitally.
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Every year 500,000 new Title applications are received and these are digi-
tised using a GIS interface. The process of adding a new Title Plan begins
by identifying a registered title on the GIS using a map reference, title num-
ber, locality or address with an address-check (using the NLPG ultimately).
The subject property can then be viewed and all vectorised titles are dis-
played in the area of the new registration and any overlaps are notified.
Scanned and vectorised registered extents can be viewed overlaying current
and historic OS map data (the latter aids dispute resolution and registra-
tion). The historical mapping can be moved and warped to coincide with
current mapping or any other historic mapping epoch. The subject polygon
on the OS map is selected and edged prior to ‘settling’ the extent using a
standard template. A benefit of vectorised title plans will be the variety of
possible uses of the digital data.

A particular problem in terms of producing a unified map base for all
Title Plans is that there is no provision under the Land Registration Act for
the OS mapping (on which registration information is recorded) to be
updated. The mapping used at the time of the registration becomes a legal
snapshot in time. The proprietor of the registered title receives a copy of the
Title Plan at the time of the registration and it is that which is legally bind-
ing. Therefore, the ideal of a current OS map base on which Title Plans
appear as a mosaic is not achievable. Furthermore, the ‘General Boundaries
Rule’ (Rule 278, Land Registration Rules, 1925) states that‘...the exact
line of the boundary will be left undetermined — as, for instance, whether it
includes a hedge or wall and ditch, or runs along the centre of a wall or
fence, or its inner or outer face, or how far it runs within or beyond it; or
whether or not the land registered includes the whole or any portion of an
adjoining road or stream’. This means that the precise position of the legal
boundary is often unclear.

The Land Registry also produces an Index Map. This is a collective name
for a series of large-scale OS maps covering the whole of England and Wales
on which is shown the position and extent of land for every registered title
together with the title number and class of title registered. For rural areas
the Index map consists of whole OS map sheets on which the registered
extents are outlined. For urban areas extracts of the sheets are used for pur-
poses of clarity. Currently the Index Map is held in paper form and consists
of approximately 400,000 separate documents held at the District Land
Registries. An Official Search of the Index Map is undertaken to determine
whether or not a piece of land is registered and, if so, what the title number
is and whether the title is freehold or leasehold. The result will also show
any pending application for first registration and any caution against first
registration, priority notice, manorial interests, souvenir land declaration or
rent-charge affecting the land. The Land Registry receives an average of 14
million requests for searches of the register each year.

The Land Registry has embarked upon a programme of digitisation of
the paper-based Index Map so that it represents the (non-legal) extents of
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registered parcels. The web-based vectorised Index Map will act as an inter-
face to the Title Plans and Registers of Title and it is due to be completed
by 2004. Because the Index Map is based on current OS mapping, OS
Mastermap data will be used so that there is consistency between polygon
extents for the estimated 20 million land parcels.

Land Information Systems

A Land Information System (LIS) is ‘a system for capturing, storing, check-
ing, integrating, manipulating, analysing and displaying data about land
and its use, ownership, development, etc.” (Department of the Environment
[DoE], 1987). Pressure on land and property resources has never been
greater and the development of LIS as a tool for managing them has been
paralleled by unprecedented developments in data management and
communications infrastructures. These developments, including the rise of
the Internet as an information marketplace and the ‘globalisation’ of infor-
mation, have far reaching implications for the effective management of land
and property resources.

Land information systems are desirable, particularly in a populous coun-
try like the UK, because the task of managing land resources for environ-
mental needs, planning, housing and infrastructure provision is growing in
complexity as a result of the need to match wide-ranging requirements to a
limited supply of land. LIS, which permit the integration and management
of a wide range of land-related data, can provide the detailed and compre-
hensive information on which to base the effective allocation and manage-
ment of land resources.

The basic spatial unit of a LIS is the land parcel which has seven
attributes (Dale, 1989):

an essential component of planning and development control;
foundation of the land market;

spatial unit for documenting human affairs;

basis for property tax assessment;

has the ability to be aggregated (postcode areas) and disaggregated
(floor levels);

can be subdivided or merged according to changes in ownership;

7 collectively they form a contiguous mosaic of legal interests.

L W~

)

Attribute data such as ownership, taxation and occupancy are stored with
reference to these basic spatial units in the system (Larsson, 1991) and inte-
grated analysis of many different data sets is possible. The usefulness of a
LIS will depend on the currency, accuracy, completeness and accessibility of
the information that it contains.
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A ‘cadastre’ is a particular type of LIS that is an inventory of land and
property information based on a survey of land parcel boundaries,
sometimes referred to as a ‘parcel-based LIS’. The UK does not have a
cadastre because the Land Registration Act of 1925 did not require the
boundaries of land ownership to be surveyed and mapped precisely. Instead
we have a ‘general boundary’ system, defined in the section on ‘Land regis-
tration’. The principal function of a cadastre is to provide information on
land ownership, use and value. Cadastral records consist of maps and text
and each land parcel has a unique identifier. There are three common types
of cadastre:

Legal cadastre: A legal cadastre is legal record of land tenure that consists
of a written register containing owner and land parcel information and a
map or plan which is cross-referenced to the written register. A legal cadas-
tre provides certainty of ownership, security of tenure, improved con-
veyancing in terms of cost and speed, added security for loans that are
secured against property and support for a national system of land use
planning and property taxation. It also reduces the number of land disputes
and helps monitor property market activity.

Fiscal cadastre: A fiscal cadastre is a record of land parcels that includes,
primarily, information necessary to determine property value for taxation
purposes. Because it is often the owner that pays the tax, fiscal and legal
cadastres can be linked together. In order to base a tax on property it is
necessary to assess differences in the utility of land parcels or properties
situated thereon. Utility can be measured by assessing how much someone
would be willing to pay for an interest in a particular land parcel. This
process is known as valuation. Thus tax on property is based on the esti-
mated taxable revenue of each land parcel, the amount depending on the
use of the land.

The fiscal cadastre, like the legal cadastre, is well suited to computerisation.
With regard to market data collected in support of the valuation function, a
database would allow the valuer to concentrate on the analysis of these data
rather than their collection and assimilation. Computerisation would lead to
further benefits in terms of uniformity of tax assessment for property — equity
of assessment being a primary concern for any taxation system.

Overseas case study

At the National Land Survey in Sweden, GIS is used to analyse
changes in boundaries of valuation areas (areas where the market is
assumed to perform in a similar way and market values are uniform)
for taxation purposes (Sundquist, 1995). For one- and two-bedroom
family houses the country is divided into more than 7,300 areas. Each
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residence is allocated to a valuation area. The boundaries of these
areas change due to the development of new houses and changes in
infrastructure. A background topographic raster map of 1:15,000
scale is supplemented by large-scale city maps and valuation area
boundaries are overlaid together with information about properties.
These attribute data include sales information and are obtained from
a central database at the Central Board for Real Estate Data.

Multi-purpose cadastre: A multi-purpose cadastre combines fiscal and legal
cadastres and provides links to other land parcel information. For example,
it could include data on ownership and legal interests, use, development
control, planning history, values and prices and other property-related data
such as social, economic and environmental information. It is thus capable
of supporting land registration, land taxation and other land administra-
tion functions.

Existing LIS and other land and property data sets may be linked together
via unique property identifiers (such as UPRNSs as defined in BS7666 above)
to form a multi-purpose cadastre. A GIS then allows geographical linkages
to be created between various property data, as shown in Figure 4.10. In
this way a digital map base provides the link between property data sets
using land parcels and their unique identifiers as the basic land and prop-
erty unit. In urban areas the land parcel may be subdivided into buildings
and parts of buildings such as a shop on the ground floor with a flat above.
Such detail is difficult to represent on a 2D map but can be recorded in a
relational attribute database such as the NLPG data structure.

Resource Other Administrative [ [ Tenure and Other parcel-
records records records value records | | related records
Other identifiers Parcel identification

Data exchange conventions Cadastral I
> adastral overlay

Other overlays I:

Base maps, for example, large scale maps

Geodetic reference framework, for example, National Grid

Figure 4.10 Multi-purpose cadastre. Reprinted from ‘Land information manage-
ment: an introduction with special reference to cadastral problems in
third world countries’ by Peter E. Dale and John D. McLaughlin (1998)
by permission of Oxford University Press.

Source: © Peter . Dale and John D. McLoughlin, 1988.
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LIS provide the comprehensive information on which to base decisions
relating to the effective allocation and management of land resources.
Ralphs and Wyatt (1998) discussed progress in realising the goal of a
multi-purpose LIS by examining existing moves towards very large LIS
implementations at the regional, state and national level. The discussion
drew upon experiences in Europe, the US Australia and the Developing
World in addressing a series of key human, organisational and technical
issues, including:

the assurance of privacy of information relating to individuals;

the need for confidentiality of commercially sensitive information;

the availability of copyright to protect innovation and original thought;
the adequacy of legal statutes that enforce the above;

the creation, implementation and adherence of standards for referenc-
ing and exchanging real estate information;

e problems of and prospects for combining diverse information resources
and the cost of generating digital spatial information.

We next discuss the development of a National Land Information System
(NLIS) for the UK.

A National Land Information System (NLIS) for the UK

The NLIS initiative aims to provide seamless access to integrated land and
property data. The service will co-ordinate and distribute comprehensive,
accurate, up-to-date and regularly maintained information on land and
property ownership, use and value for every land parcel in Britain with
links to planning, socio-economic, demographic and environmental infor-
mation. The service will integrate, via the Internet, all of the various sources
of information that are currently held at disparate and unconnected loca-
tions. This will give easier access to a wide variety of land and property
information on a one-stop basis and in a reliable and secure environment.
The goal is to improve the management of one of Britain’s most important
and valuable resource — land and property. The NLIS will help to speed up
the process of gathering land and property related information, while
simultaneously creating new markets for this information.
Some of the catalysts for creating an NLIS include:

e a requirement to know more about the land and property assets, for
example, local authorities need to record their property assets and
the European Union is proposing a register of land holdings for each
member state;

e Dbetter information about land and property will encourage more
effective property management, environmental protection, taxation,
planning and marketing;
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e many public sector organisations are involved in the collection of prop-
erty data and are computerising their records. With standardisation of
referencing procedures these data can be integrated, thus reducing
duplication of effort and adding value through shared use of data;

e developments in information technology provide a foundation on
which to build an NLIS;

e many countries, both developed and developing, have taken the plunge
in the creation of LIS and the experiences of these countries prove that
the cost of development can be recovered provided a critical mass of
data is released;

e the establishment of a NLPG which allocates a UPRN to each property
will enable unambiguous identification of the land parcels.

An NLIS offers the ability to integrate property data collected by public and
private sector organisations. It also provides the opportunity to reuse data that
may have been collected for a specific purpose and hence add value to those
data and reduce the net cost of collection. Unlike many other countries Britain
benefits from a national large-scale digital map base. The UK NLIS will geo-
graphically reference land and property information using this map base.
The absence of an NLIS in the UK has long been recognised and there
have been many calls for wider access to property data collected by various
organisations and for these data to be integrated using a common property-
referencing standard. The idea for a national network of land and property
data was propounded in a project called Domesday 2000 (Dale, 1991)
which put forward the case for an NLIS that would integrate data sources
relating to land and property ownership, use and value. A market potential
survey was undertaken to gauge demand for computerised access to land
information (Capital and Counties, 1992). This survey revealed a substan-
tial market for integrated access to property information sources. Research
continued under the auspices of the Domesday Research Group (Fovargue
et al., 1992) and a demonstrator system was developed with funding from
the Royal Institution of Chartered Surveyors (RICS) to raise awareness of
the commercial and social value of this form of property data access. As
part of a Citizen’s Charter Initiative, in 1992 the government supported the
development of a pilot conveyancing application of the NLIS for Bristol
(Smith, 1998). This public sector initiative involved collaboration between
the Land Registry, the OS, local government and the VO. It successfully
used the property-referencing standard, BS7666, to integrate data from var-
ious government departments in support of the enquiries made prior to a
conveyance of a property. The pilot project also investigated ways of includ-
ing non-addressable property in order to gain 100 per cent coverage for the
study area. Bristol City Council (BCC) now uses the system for the admin-
istration of local land charges and the Land Registry plan to develop an on-
line conveyancing application of the NLIS pilot. The Bristol pilot was an
important first step that was necessary to ensure that all data providers
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describe properties in the same way (Smith, 1998). It also revealed a signif-
icant difference in the way that solicitors and surveyors access property
information. Solicitors pay fixed fees for the information that they gather
to support their advice on a conveyance. Typical data suppliers include the
local authority, the Land Registry and the utilities. Surveyors, on the other
hand, have a more informal network of contacts from which they gather
information in support of property advice. This has important implications
for a more formal means of integrating property information using BS7666
and disseminating this information using an NLIS.

Overseas case study

In Scotland ScotLIS is an initiative to develop a one-stop-shop with easy
and affordable access to a wide range of computer-based information
about land and property from both private and public sectors. The ulti-
mate aim of the ScotLIS project is that of providing an integrated data
set where the user obtains information from a range of providers by
means of a single search enquiry. This will be facilitated by means of a
gazetteer through which enquiries will be routed to the information
providers. A pilot funded by the Government’s Invest to Save initiative
will cover the information pertinent to the Glasgow City area. The pilot
comprises Registers of Scotland, Glasgow City Council, British
Geological Survey (BGS), and The Coal Authority. Public and private
organisations will be encouraged to participate in the project.
Applications include conveyancing, environmental assessments, plan-
ning, building control, property searches, estate management, develop-
ment appraisal, insurance assessment, marketing and land monitoring.

Overseas case study

The Singapore NLIS is an online service provided by the Singapore
Land Authority. Land information (including ownership, transaction
history, land tenure, encumbrances, land use and transport informa-
tion, information on surrounding amenities such as shops, schools
and roads) and cadastral and locality maps (land parcel boundaries
and areas), is made available to the public for a fee. Land information
that was previously only available from separate government agencies
is now accessible from one web site.

A feasibility study for NLIS, carried out by KPMG Management
Consultants in 1997, identified those market sectors for NLIS services that
have the greatest commercial value, with many more likely to develop over
time. These services are listed in Table 4.1. It is not difficult to envisage how
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Table 4.1 Potential applications of NLIS (Local Government Management Board,

1997)
Opportunity Sectors Processes
Conveyancing system  Commercial All aspects of conveyancing
Non-commercial
Environmental Horizontal market, Site sensitivity, contaminative uses
assessment system multi-sector
Geo-marketing system  Marketing Property enquiries,

demographic/trend analysis
Collateral risk analysis  Financial services ~ Property enquiries, financial/

legal, conveyancing,

enviromental and risk analysis

Insurance location risk  Property Property enquiries, environmental
analysis underwriters and risk analysis
Property enquiry service Horizontal market, Access to owner, value and
multi-sector use of land and property

Policy spatial support ~ Central government Trend analyses, policy monitoring
system

the applications highlighted by the KPMG study may grow. For example,
policy spatial support is probably of equal value to the local as well as the
central government. Participants in the feasibility study highlighted the
following as the major benefits of NLIS:

e saving of time and money
e ability to provide clients with a better standard of service
e more effective targeting of clients.

From the KPMG study key applications for land and property management
would appear to be collateral risk analysis, insurance location risk analysis
and a property enquiry service. The first two applications are perhaps bet-
ter known in the property professions as property valuation for lending and
insurance purposes respectively. Indeed, a survey of members of the Royal
Institution of Chartered Surveyors (RICS) undertaken in 1997 revealed that
the NLIS data of most interest to surveyors were property values and prices,
planning and ownership details.

A number of potential service providers were also consulted. They repre-
sented a mix of Private Finance Initiative (PFI) operators, system develop-
ers and value added re-sellers in the land and property sector. As with the
potential users, the service providers demonstrated a high degree of enthu-
siasm for NLIS. Many are already planning their involvement. The market
research clearly identified that many users would pay a higher price for
value-added information or services by passing on these charges to clients
through better quality of service, time savings or through new business
generation.



108 GIS applications in land and property management

The NLIS Feasibility Study concluded that the NLIS is commercially fea-
sible and identified considerable enthusiasm in the market place. All of the
critical elements for success have converged: open government policies,
availability of data and standards, partnership business models, informa-
tion and communications technology, commercial enthusiasm and an
increasing market demand. In January 1999 the Treasury awarded £2.3
million to the Ordnance Survey, the Land Registry, Registers of Scotland
and the Local Government Improvement and Development Agency to help
implement a live version of the NLIS conveyancing application. It was to be
a leading example of oined up government’ and would help the govern-
ment pursue its manifesto pledge to speed up and simplify the house-
buying process. The application covered the whole of Bristol and enabled
the geographical identification and on-line search of twelve data providers
as part of the enquiries before purchase of a dwelling.

Now that government support and commercial backing for an NLIS is in
place, the development of NLIS applications is under way. Users of the
NLIS can access data over the Internet and receive information in a form
that is not dependent on the data source. Rather than a central database of
land and property data, the NLIS acts as a hub or gateway through which
data providers can supply data and users can access data and associated
services, as shown in Figure 4.11. Maintenance and accuracy of data sets
remain the responsibility of the suppliers but are managed by a hub admin-
istrator. The price and quality of each contributor’s data will be determined
by market forces; if the price is too high or the quality is too low then
customers will not request those data. Income received will be apportioned
amongst service and data suppliers by a hub manager. The advantages
of a hub network are that information may be stored and updated by
those organisations skilled in the handling of particular types of land
and property information while access, analysis and display may be per-
formed remotely. Also, from a technical viewpoint, a network of distributed

VO 0os
Land Registry\ \ DoE
Private sector Local
organisations authorities
Utilities and Members of
agencies Office for the public
national statistics

Figure 4.11 NLIS hub.
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databases is preferable to a single large database in terms of storage
efficiency and access time.

The NLIS infrastructure allows data providers to supply data to the cen-
tral hub via a local area network, similar to systems in operation in other
countries such as Sweden and Australia. The NLIS hub licence has now
been let to MacDonald Dettweiler and Associates. With the hub in place
‘channel’ service providers offer customised access to the data via the
Internet. Channels have been licensed to provide NLIS services that will link
to the hub and the hub operator will interface with data providers and pass
this information to the NLIS channels. Channel licensees will buy data
through the hub and sell it to property professionals and the public.
Providing land and property information through NLIS will simplify serv-
ice delivery by creating a single interface for accepting requests, delivering
results, billing and payment. In addition data and services will be actively
marketed by the NLIS channel operators.

As more than 2.5 million homes are bought and sold in England and Wales
each year, initial NLIS channels are being developed to speed up the property
searches necessary as part of the conveyancing process. These services will
provide access to property information held by local authorities, the Land
Registry and others and can then be expanded to help simplify the buying and
selling process. This will be achieved by allowing properties to be searched
via the web, including faster and more accurate property identification via the
NLPG and online maps. The conveyancer will be able to retrieve ownership
information from the Land Registry and local land charge information from
the local authority as well as searching for other information relating to the
property such as environmental or geological data.

In the future services that have been tailored for other property profes-
sionals such as surveyors, property agents, lenders, developers, insurers,
local authorities and environmental managers will appear. These users may
require similar data but packaged in different ways. Additional data may
also be required such as data collected from local authorities by English
Partnerships on previously developed land, which is being used to create the
National Land Use Database (NLUD). The potential for an NLIS is far-
reaching and as services appear the user-base is expected to expand from
those involved in conveyancing to a much wider ranging community that
can benefit from easier access to land and property information, particu-
larly that held by central and local government.

Yet NLIS will only operate effectively with appropriate access to data
that are comprehensive, accurate, up-to-date, regularly maintained and
reasonably priced. The private sector has traditionally not pooled data
resources, preferring to rely on data generated in-house. This has led to a
considerable duplication of effort and no single comprehensive or national
source. A change in attitude towards data collection, dissemination and use
is required for the NLIS to work effectively in the private sector. This is now



110  GIS applications in land and property management

evident. Furthermore, an NLIS requires the support of government in order
to release key property data sets held by local authorities, the VO and other
government departments. This is also happening. A comprehensive policy
of data release is needed if a ‘critical mass’ of data necessary for the NLIS
to work is to be achieved.

The creation of an NLIS will offer the property professions several
advantages. First, the duplication of effort that exists in the collection of
property information by individual firms will be minimised. Comprehensive
access to national information on property use, ownership and value, with
links to many other property-related data sets, will allow firms to concen-
trate on the collection of more specialised data and develop analysis tech-
niques relevant to their particular area of expertise. Second, small firms,
unable to invest in comprehensive data individually, will have access to a
‘pooled’ data resource to which they can add specialist local knowledge and
market experience. Third, the time spent on data collection will be reduced
and a quicker response time to client instructions may be possible. Finally,
by implementing a GIS-based NLIS, new geographical analysis techniques
will be possible and, given the importance attached to location as a factor
in property development, occupation and investment decisions, these tech-
niques should be explored by the property professions. Two-thirds of
respondents to a survey of property firms in 1998 said that NLIS would
replace existing methods of gathering information and 95 per cent of them
believed that it would save them time, increase their use of information and
open up new sources. In the future land and property managers may gen-
erate new business opportunities by being able to interpret and add value
to information that is widely available.

Overseas case study

In Saskatchewan, Canada, the city of Regina has added GIS
functionality to its LIS that is used for property valuation for taxation
purposes (Figueroa, 1998). Many of the variables that are input into
the system are geographical, such as proximity to the commercial
district. The GIS achieves several objectives:

construction and maintenance of ownership parcels;
measurement of proximity to key roads, railways and commercial
districts;

e production of maps of comparable evidence for valuation
purposes and

e production of valuation neighbourhood maps to aid delineation
of boundaries.

Other departments within the city council also use the system for the
notification of planning applications to neighbours, route planning
for police and fire services, tree and pest control and traffic accident
analysis. The city’s assessment division revalues properties using
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comparable sales. Assessors depreciate or appreciate building replace-
ment costs using market adjustment factors based on comparable
sales by property class and neighbourhood. A computer-assisted mass
appraisal system is used which requires spatial inputs (area, traffic
data and distance from commercial properties). A GIS is used to con-
struct an ownership layer and other data are also input as layers. The
GIS also helps assign value adjustments to residential properties based
on geographical criteria such as contiguity of railway tracks, high traf-
fic roads and commercial properties. Using overlay analysis, traffic
counts from the road network coverage can be assigned to each prop-
erty. Maps can be output for customers showing comparable sales and
their proximity to the subject property. Map and analysis output from
the GIS has been used as evidence in appeals against property tax
assessments. Ownership data are used to inform residents when a
development is proposed within 75 metres of their property. Engineers
have used GIS to determine flood impact and maintenance division
use it to evaluate garbage collection routes.

Property marketing and conveyancing

It is clear from the previous section that one of the first channel services of
the UK NLIS will be conveyancing. This is because it is widely regarded as
having a sound business case and a service that speeds up and simplifies
house buying in the UK and has political support. This section puts the
NLIS initiative to create a conveyancing application into the context of
related GIS developments in property marketing and agency.

Marketing

In the UK there are many listing services on the Internet for residential
property that use mapping as a window on the data. For example,
www.propertynow.co.uk uses interactive mapping to allow users to search
for property and receive a map showing locations of relevant properties
plus details such as asking prices. Other sites include www.proper-
tyfinder.co.uk, www.propertylive.co.uk, www.housenet.co.uk and
www.homesonline. At the present time none of these listing services has
emerged as a market leader. It is useful therefore to look at the Realtors
Information Network in the US to see where developments might lead.

Overseas case study

In the US the National Association of Realtors (the largest trade asso-
ciation of residential property agents in the country) has established
the Realtors Information Network (RIN) at www.realtor.com. This
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Internet-based home search service was established in 1993 to counter
the threat of private ‘homes for sale’ notices appearing on the Internet.
The RIN is accessible to all and there are currently 1.4 million prop-
erties listed. Potential purchasers and agents access the web site and
conduct an initial map-based search followed by a submission of
details of desirable attributes (including price range) so the search
narrows to a selection of suitable properties within a defined geograph-
ical area. Images are included as well as details of the relevant agent.

A search for a property begins by entering the state or province on
a map (Figure 4.12), selecting an area within the state (Illinois is
shown in Figure 4.13 and northern Illinois in Figure 4.14) and choos-
ing a county (Chicago) that is of interest. An area can then be selected
within the county (Figure 4.15 shows Chicago City South) and a spe-
cific neighbourhood is chosen (Figure 4.16 shows Hyde Park). Finally
the user selects the type of home (single family for example) and
inputs a price range and physical characteristics. Matched homes are
listed, photographs (such as the one illustrated in Figure 4.17) are
included along with physical details and a map.

The RIN has now reached critical mass and is the place on the
Internet in the US for properties to be advertised nationally. Critical
mass was achieved by making the RIN a complete online service for
property brokers, including property advertisements, email, bulletin
boards, secure Internet access and web browser for subscribers. It also
includes trade journals and newspapers online, membership directory,
Multiple Listing Services and an online market for Realtor products.
Realtors pay an initial fee followed by payments based on properties
advertised and products downloaded. One such product is GeoData,
a simple GIS interface that allows Realtors to search for properties
geographically, display internal and external images, list all the fea-
tures and produce reports on a variety of demographic and environ-
mental data sets held on the RIN such as:

e state/county/zip/tract/place geography and demographics,
pollution levels, voter registration, income tax rate, unemploy-
ment rate, sales tax rate, crime rate, consumer price index,
weather data;

e assessor data: owner, assessed value, date purchased, property
details;
details of sales;
details of foreclosure proceedings in progress;
school test scores, student/teacher ratios, facilities, enrolment by
grade, demographics, equipment, budget, administrators and
school district data;
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e full telephone directory listings and mailing addresses, identified
as business or residential;
full street coverage with names, address ranges and ZIP codes
highways, state roads and other major arterial routes;
e landmarks: parks, airports, military bases, golf courses, recre-
ational facilities, retail centres, churches, museums, etc. and
e railways.
These data are updated annually and the aim is to include all
conveyancing forms in electronic format too. GeoData means that
Realtors can take advantage of GIS capabilities collectively
rather than having to invest in data capture and technology
independently.

Overseas case study

In Japan a similar system has been developed called the Real Estate
Information Management System. The GIS-based system is designed
to assist in the analysis of various locational requirements of
purchasers and thus improve property matching, share property and
purchaser information more effectively and produce ‘property state-
ments’ that include maps. Properties that meet the requirements of
purchasers are searched using the GIS, based on area, desired use,
period and price. The system stores data on more than 8,000 proper-
ties and is used daily by more than 100 Realtors.

Overseas case study

In Ireland ‘My Home’ (www.myhome.ie) uses mapping to access a
gazetteer of properties for sale. Users can zoom to areas of interest
and view details of properties, identify the locations of nearby
schools, shops, parks, hospitals and other amenities and a network
tool offers directions to these amenities. More than eighty estate
agents in Ireland use the site which provides a web-based facility
for agents to geo-code new properties for sale interactively as they
come on to the market.

There are also commercial property brokerage services available via the
Internet such as the EGPropertyLink service from Estates Gazette
Interactive (www.egi.co.uk) and Primepitch.com (www.primepitch.com)
which use mapping as an aid to property search and selection routines.
Many residential and commercial listing services use Multimap for property
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Figure 4.12 Selecting a state (1 of 6).

Source: Selected graphic images from Realtov.com and used herein with permission.
Copyright © 1995-2002 National Association of Realtors(r) and Homestore.
com.Inc. All rights reserved.
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Figure 4.13 Selecting an area within a state (2 of 6).

Source: Selected graphic images from Realtov.com and used herein with permission.
Copyright © 1995-2002 National Association of Realtors(r) and Homestore.
com.Inc. All rights reserved.
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Figure 4.14 Choosing a county (3 of 6).

Source: Selected graphic images from Realtov.com and used herein with permission.
Copyright © 1995-2002 National Association of Realtors(r) and Homestore.
com.Inc. All rights reserved.

Figure 4.15 Selecting an area within a county (4 of 6).

Source: Selected graphic images from Realtov.com and used herein with permission.
Copyright © 1995-2002 National Association of Realtors(r) and Homestore.
com.Inc. All rights reserved.

location finding. www.multimap.com provides access to street maps and
travel directions for the UK and Europe. It also includes aerial photos of
London and other cities in Britain and provides a range of mapping services
for businesses.
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Figure 4.16 Choosing a specific neighbourhood (5 of 6).

Source: Selected graphic images from Realtov.com and used herein with permission.
Copyright © 1995-2002 National Association of Realtors(r) and Homestore.
com.Inc. All rights reserved.

Figure 4.17 Viewing a picture of a selected property (6 of 6).

Source: Selected graphic images from Realtov.com and used herein with permission.
Copyright © 1995-2002 National Association of Realtors(r) and Homestore.
com.Inc. All rights reserved.

Most commercial property marketing sites require the user to select
a broad geographical region from which properties may be selected.
However, this is neither user-friendly nor efficient. As more properties are
added to a property listing site a more sophisticated method of refining the
search using geographical parameters will be necessary, similar to those that
exist on residential web-listing services. The use of such broad geographical
regions is also confusing and requires a certain degree of knowledge that the
user may not have. For example, is Bournemouth in the south or south-west
of England?
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The use of large-scale digital map data (perhaps with small scale mapping
as a front-end) would mean that a database of available commercial prop-
erty could benefit from geographical analysis. Potential owners and occu-
piers could search by location, ask questions about the surroundings, and
examine the nature of neighbouring development, for example. In the UK,
Heywood et al. (1998) created a house-hunting decision support system
that allocated weights and scores to a series of criteria including insurance
cost, proximity to schools, railways and roads and urban areas. A GIS was
used to create thematic layers for each criterion, which are then combined
according to their weighting to perform a search for a suitable site. In other
words the layer with the highest weight has the most influence on the out-
come. Locations of houses for sale were then plotted on top of the map of
suitable sites and ranked according to the criteria that they meet. Details of
individual houses can then be accessed and maps and reports produced.

Location is a key factor for the success of many commercial businesses so
a geographical perspective on property searches would be very useful.
Linked to these data could be planning and other relevant information
maintained by local authorities. Also, rateable value information from the
VO could be linked so that potential owners/occupiers have an idea of their
rates liability. FOCUS information could also be linked (FOCUS -
www.focusnet.co.uk — provides information on property transactions, rents
and prices achieved, landlord and tenant details and the main terms of the
conveyance). Once a web-based property enquiry service is operational, it
may be possible to provide an incentive for agents to submit transaction
details, subsequent to the property being advertised on the site. This would
not only provide useful information about the effectiveness of the web site
as a marketing medium but would also provide property take-up statistics.
Many market commentators have suggested that surveyors should take a
lead in the collection, management and dissemination of vacancy rates and
take-up statistics. A property enquiry service that collects follow-up infor-
mation after the transaction would achieve this.

Conveyancing

The NLIS conveyancing application will transform the way property is
transacted in England and Wales. Information will be available electroni-
cally and this will speed up the property transaction process. Initial services
will be developed to computerise the property searches necessary as part of
the conveyancing process. This will reduce the length of time between offer,
acceptance and exchange of contracts and help to reduce the risk of
gazumping (where the seller of a property raises the price of a property after
having accepted an offer by an intending buyer) or gazundering (where the
purchaser of a property lowers the amount of an offer made to the seller
just before exchange of contracts).

NLIS Internet services will be offered via a number of licensed commer-
cial service and data providers known as ‘channels’ that will provide an
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on-line link to the various sources of information that are held at disparate
locations, including local authorities and the Land Registry. These services
will give a quicker service by providing easier access to a wide variety of
information on a one-stop basis and in a reliable and secure environment.
Submitting property searches, and receiving results electronically will offer
significant time-savings and greater convenience as it will dispense with the
need to fill in and post separate forms, along with a cheque for the required
fee, for each property search. Instead, searches will be possible via the Internet,
with a single statement and invoice being provided for those services used.
The Bristol pilot of the NLIS conveyancing application was launched in
April 1998. It allows electronic searches, via the Internet, of the following data:

large-scale digital maps and addresses with grid references from the OS;
ownership details, registered mortgages, rights of way, restrictive
covenants and registered extents from the Land Registry;

e residential dwelling codes and rateable values for commercial property
from the VO and

e Local Land Charges, planning applications and environmental health
data from Bristol City Council.

This information is supplemented by data from other providers that are
usually required during a conveyance including Bristol Water, British
Geological Survey (BGS), the Coal Authority, Companies House, the
Environment Agency, the Highways Agency, the Lord Chancellor’s
Department and Wessex Water. Users can locate land parcels and properties
using address or map-based queries, as shown in Figure 4.18.
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Figure 4.18 NLIS conveyancing pilot application.
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Search requests based on the site or property boundary can be submitted
and most are returned within 48 hours. The Water Authority returns a map
showing pipes, BGS provides a report on radon or a ‘Homebuyer’s Report’
on geological conditions, the Coal Authority provides a report and the
Land Registry displays current entries on its three registers, confirmed by
office copies posted the next day.

Users of the Bristol pilot included solicitors, mortgage lenders and surveyors
and the application provided conveyancers with an electronic search system for
property information that reduced costs and time taken to complete searches.

The NLIS conveyancing application is important because conveyancing is
a high profile, critical process, represents a partnership between the public
and private sectors and is technically demanding. In 1998 the NLIS Bristol
pilot won the British Computer Society award for IT excellence. More
detail can be found at www.nlis.org.uk. Clearly there are many challenges
ahead. Expansion from a city-based pilot to a national web-based service
will present organisational as well as technical difficulties. The NLIS con-
veyancing application is an initial step towards full electronic conveyancing.
Although the revised BS7666 defines the standard for recording land and
property boundaries, there is no plan for the NLIS to become a national
cadastre. This is perhaps a missed opportunity given the introduction of
Mastermap by the OS with polygon-based feature representation.

In the future, online conveyancing services will include electronic searches,
a public web site for property that is for sale together with related product
and service sales, a databank of demographic and other information such as
house prices and school league tables. This will be similar to the system in
Canada and Realtor.com in the United States. One of the NLIS channel serv-
ice providers for conveyancing services is called Searchflow (www.search-
flow.co.uk). Searchflow provides conveyancers with information about
properties online using a digital map base to integrate various data at the
property level. The service works in two ways. First, Searchflow Referencing
gives users the means to validate the search description and geographical
extent and identify relevant potential sources of information to support the
processing of conveyancing searches. Second, Searchflow Handling will pro-
vide an automated, online conveyancing search service accessible via NLIS.

Summary

Map production is where GIS began. With the wide variety of map data now
available, digital mapping is straightforward and becoming relatively inex-
pensive. The agreement between OS and central government departments and
local government for access to OS digital mapping can be related to the con-
siderable progress being made on the creation of national data sets through the
effective use of geographic information. The biggest hurdle that many organ-
isations have had to overcome is cleaning their own data before they can be
mapped. This has proved to be expensive and time-consuming. For many pub-
lic sector organisations it has been difficult to justify the investment and the
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absence of a national standard for referencing has been a significant barrier to
private sector involvement in the mapping of land and property data.

So with the introduction of Mastermap, NLPG and NLIS we should wit-
ness a significant expansion of GIS applications in the field of land and
property management, similar to that which occurred when the OS com-
pleted the digitisation of the national large-scale map-base back in the early
1990s. These initiatives, coupled with competitive pricing that is attractive
to small organisations as well as large ones will be particularly important
to the property industry which is characterised by small to medium-sized
firms. With regard to NLIS services in particular it will be inevitable that
many will focus on London given the geographical concentration of market
opportunities for data and data-based services in the capital. The challenge
will be to ensure that NLIS applications are truly national.
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5 Property management

Introduction

This chapter examines the use of GIS for property management. This usually
involves the linkage of a property asset management database to some form
of large-scale digital mapping. GIS-based property management is typically
used when many of the decisions that the property management system is
designed to support are geographical. Utilities and local authorities are
therefore prime candidates but large landowners or landowners who own
or manage a significant amount of contiguous land and property can also
justify the investment in GIS because the quantity of map data required is
less. Property management decisions need to be made on the basis of accu-
rate information and so GIS applications often entail a relatively low level
of analysis but a high degree of accuracy. GIS provides a geographical view
of data — perhaps revealing links and trends that would not otherwise be
apparent in an alphanumeric database. GIS also provides a geographical
interface or ‘front-end’ to the data and, in a large property management
system, this can speed up access and search time.

This chapter begins by considering GIS-based property management
applications in local government, including land terriers and property man-
agement information systems. It then describes how large landowners,
many of which are either government agencies or quasi-public organisa-
tions, are using GIS for land and property management functions. GIS is
increasingly being used for facilities management and two case studies illus-
trate how the tools and techniques that are familiar to users of land parcel
and property-based GIS can be applied at room level too. Finally the
chapter considers the use of GIS in agriculture and rural land management.

Local authority property management

This section focuses on the application of GIS to property management func-
tions in local government. It will begin by outlining reasons for recent moves
towards the application of IT in local authority property management and
argue that information used in property management functions is largely
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geographically referenced. Such data are handled most effectively by IT solu-
tions that include mapping and geographical analysis capabilities such as GIS.

Local government has been at the vanguard of the implementation of GIS
for land and property management. Local authorities have many statutory
responsibilities that require the collection and management of a large quan-
tity of property data within discrete geographical areas. Therefore invest-
ment in GIS technology and data collection can be justified. The utilities
have also found this to be the case with regard to the maintenance and man-
agement of their plant, property and infrastructure networks. But unlike
utilities, which have an emphasis on infrastructure management, local
authorities provide a range of services, and the two tiers of local government
mean that they vary in size and functionality considerably. Consequently
local authorities collect and store a substantial amount of data, the majority
of which is geographically referenced. In order to use these data efficiently
and to allow them to be shared beyond the source department, thus avoid-
ing any potential duplication of effort, GIS is regarded by many as a solu-
tion. Furthermore, GIS are appropriate for local authorities because they
need to consider proximity issues (typically planning and development con-
trol) and they are responsible for discrete geographical areas. Local govern-
ment is one of the largest users of GIS and in 1993, 29 per cent of local
authorities had a GIS compared to 16.5 per cent in 1991 (Masser and
Campbell, 1994). Later surveys by the Royal Town Planning Institute (RTPI)
were carried out in 1995 (Allinson and Weston, 1999) and RTPI (2000). The
2000 survey showed that some 94 per cent of authorities had either imple-
mented, or were implementing, a GIS. This compares with 64 per cent of
authorities in 1995 and indicates that GIS has consolidated its position as a
mainstream technology within local government. Table 5.1 shows that
around 57 per cent of councils considered that they had a fully operational
GIS (compared to 30 per cent in 1995). In 1995 8.3 per cent authorities had
no plans to introduce GIS; this figure is now 1 per cent. This reduction may
in part be attributed to the increased accessibility and affordability of PC
based GIS. The 1995 survey showed that 68 per cent of those with GIS had
a system shared with other departments. In 2000 the proportion is very sim-
ilar (69 per cent), although there were wide variations between different
types of Council, with National Parks the most common home for corporate
systems whereas metropolitan districts and London boroughs favoured
departmental systems.

Table 5.1 GIS procurement in local government in 2000 — (in %)

Fully operational GIS - development complete 27
Fully operational GIS with extensions/modifications 30
GIS currently in development 38
No GIS but introduction planned 5

No GIS and no introduction planned 1
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Examples of applications include:

e administration of council tax and non-domestic rates;

e administration and searches of local land charge registers;

e recording of planning histories and administration of planning
applications;

e land and property terriers;
property and highways maintenance;
demographic analysis for the location of public services such as schools,
libraries and day centres;

e identification of underutilised property and its proximity to over-
utilised property or premises that are in need of refurbishment;

e highway adoptions;
impact assessment of development proposals;
space and facilities management, for example, the calculation of grass-
cutting area prior to tendering for work;
mapping vacant and contaminated land;
modelling the environmental impact of proposals for housing
development.

Data sets used in these applications might include land ownership, right-to-
buy sales plans, contaminated land, land charges and vacant land registers,
street furniture surveys and highway adoptions registers. GIS is often used
to superimpose these data above OS digital mapping and in-house large-
scale land surveys.

In its memorandum of evidence to the Audit Commission the RICS
(1987) recommended that:

e local authorities should adopt a more corporate approach to property
management;

e a central property department be established in each authority;

e a central database of property owned and leased by the authority is
essential to allow performance indicators to be constructed and to
permit more informed decision-making;

e a central property database could be used for estate management,
development, and by maintenance and service departments.

Clearly the RICS felt that the property portfolio is a key area of manage-
ment policy within a local authority and therefore suggested a move
towards a ‘property’ department with a dedicated property information sys-
tem, rather than having the property functions dispersed among legal,
treasurers’, environmental services and other departments. This would
allow performance indicators to be developed and more informed property
decisions to be made. The Chartered Institute for Public Finance and
Accountancy, in its report on local authority asset registers, supported the
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recommendations of the RICS regarding the need for a central database of
property owned and occupied by local authorities.

When the Audit Commission published the findings of its review of local
authority property management it highlighted a lack of information about
property in many authorities (Audit Commission, 1988a). For example, it
was commented that many authorities did not know what they owned. It
was therefore suggested that a Property Committee should be formed
within each authority and one of its main responsibilities would be to bring
together information on the authority’s property holdings. The Audit
Commission also recommended that all authorities bring their land and
property terriers up to date and maintain a reliable index of property deeds
(Audit Commission, 1988b). The Commission suggested that UPRN should
be used to link terrier information to financial and other information sys-
tems. The Audit Commission suggested core land and property information
that should be recorded in a property database, with links to financial and
other information systems using unique identifiers that contain map
co-ordinates (a national grid reference, for example) (Audit Commission,
1988a). This offers an opportunity for local authorities to implement a GIS —
an opportunity that many authorities have taken up. The Commission
stated that ‘the importance of an up-to-date and comprehensive terrier cannot
be overstated since it is the starting point of much property management
work’. Information regarded as essential is illustrated in Figure 5.1.

This type of geographical information is well suited to input and analysis
using GIS and many authorities now use this technology to maintain their
land terriers. The advantages of a GIS-based land terrier over paper-based
systems are described by Lilburne and Rix (1991) and can be summarised as:

an ability to handle changes in features over time;

an opportunity to tailor the database to suit different types of user;
provision of authority-wide access to a corporate resource;
geographical analysis of property information;

high-quality map production.

The transition from a paper-based to a GIS-based land and property terrier
represents a shift from a static inventory/index system to a dynamic, inte-
grated property management system.

Since the Audit Commission’s report on local authority property manage-
ment in 1988 (Audit Commission, 1988a) there has been substantial invest-
ment in GIS by local government. This has been assisted by the Service Level
Agreement with the OS, which makes the cost of OS mapping more afford-
able to local authorities. Many implementations of GIS in local government
have been aimed at improving planning-related functions such as planning
application procedures, the recording planning histories for each land parcel
and the administration of local land charges. But the application of GIS to
local authority property management is also regarded as an effective use of
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o Terrier reference

o Map grid reference
o Survey details

o Gross area

* Ownership status
o Deep packet

Figure 5.1 Property information required for local authority property management.

Source: Reproduced from Audit Commission (1988a) with permission.

data collected as part of the statutory functions undertaken by local author-
ities. Property plays an essential role in the delivery of core local authority
services. It must therefore add value directly (minimum costs and maximum
capital receipts) and indirectly (fit for purpose and right location) (Jenkins
and Kearns, 1999).

The conventional means of recording and monitoring data on local
authority property is the land terrier. A land terrier is a record of council-
owned properties normally managed by the Estates Department or the legal
records section of the Chief Executive’s Department (Rix and Lilborne,
1994). The terrier comprises maps and text of property owned and leased
by the local authority. Cross-referenced card files often contain summary
information on the source of the conveyance, land title documents, leases,
any sale and acquisition details, easement and wayleaves, Land Registry
certificate number, financial details of purchase, vendor details, boundary,
covenants, controlling committee, assignments, alienations, subletting, tenant
mortgages, alterations, etc. At its simplest a land terrier comprises

e astreet index entry to land terrier maps;
e land terrier map tiles based on large-scale OS mapping;
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e deeds registers (basic details from deeds);
e deed packets.

Traditionally paper maps are used to indicate the site boundaries together
with ownership, parcels sold, leased or owned and the controlling commit-
tee. This leads to updating problems. Digital mapping presents obvious
benefits in terms of archiving of historical data, customisable symbols, wider
access to data, geographical analysis and high-quality printouts. In support
of the evidence submitted to the Audit Commission by the RICS (1987) a
survey of local authorities in the Eastern Thames Corridor revealed that the
land terrier was regarded as one of the key themes in the plans for a corpo-
rate information strategy. Kirkwood (1998) comments that ‘the traditional
property terrier has all the essential elements of a GIS — maps, data and
explicit geographic references linking the two — such paper-based creations
provide very limited search facilities and little or no opportunity for data
analysis’. A GIS can help monitor the cost of support and maintenance to
each department measured by the amount of space they occupy. It can also
match people, products and services with property, monitor the location of
vacant property and link with property, asset and financial systems.

The Chartered Institute of Public Finance and Accountancy and the
Audit Commission recommended the elevation of the land terrier to full
asset management system (Rix and Lilborne, 1994). Use of GIS in a land
terrier will evolve it from a rather static inventory and index to a more
dynamic property management system capable of helping to optimise
returns on assets, budgeting, facilities management, valuations, inspections
and maintenance. Decision support might include queries like:

e Where are the sites that were subject to unplanned maintenance last year?
Which properties have been vacant for more than six months?
Have rents in the Central Business District and business parks changed
in the last year?

e Where are the properties that have rent reviews in the next 12 months?

A more sophisticated geographical query might be to list properties that
have occupancy under 50 per cent and are within 10 minutes distance of a
property with occupancy over 75 per cent. Other benefits of using a GIS
include:

e Ease of editing data

Overlay of minor land and property interests such as easements, leases,
committee boundaries

Council-wide access to the data

Statistical and geographical review of the property portfolio

Accurate and up-to-date large-scale map base

Custom printing and plotting.
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A GIS-based land terrier can be used to visualise and spatially analyse
patterns in data and integrate disparate data sets such as the terrier and
travel patterns (Rix and Lilborne, 1994).

The land parcel is the basic spatial unit of a land terrier but since owner-
ship boundaries are not legally defined in absolute geographical terms in
England and Wales (refer to the ‘General Boundaries Rule’ described in
Chapter 4), the capture of legal extents of land parcels may reveal overlaps
and gaps in the mosaic of land ownership (Lilburne and Rix, 1991). This
problem becomes more apparent as legal extents of land parcels are digi-
tised and recorded in a GIS. To try and reconcile boundary overlaps and
gaps some local authorities have commissioned the Land Registry to help.
In this way the introduction of GIS has prompted many local authorities to
audit and verify the geographical extent of ownership of their land and
property assets. In the sections that follow we describe some specific exam-
ples of GIS implementation for property management.

Avylesbury Vale District Council

At Aylesbury Vale District Council GIS is the basis for address accuracy and
consistency throughout the Council’s services. It is based upon a BS7666
compliant LLPG, which contains 78,000 text and graphics records,
together with a centrally maintained and updated corporate OS map base
that is available to all users. Creating a LLPG that records the geographical
extents of land ownership as well as text-based information offers a num-
ber of benefits. The LLPG currently supports planning and development
control, highway management, local land charges, property management
and housing, and will support environmental health and electoral registra-
tion in the future.

The GIS-based LLPG is used to support development control through the
capture of planning application site extents and automating planning history
and planning constraint checks. GIS is also used to help capture building
regulation application site extents, input data records to the local land
charges process and automate the processing of all local land charge
searches. It is the intention of the council to link the land charges system
with NLIS.

A property management system was established to capture current and
historic land parcels held within the Council’s land portfolio and is used as
the basis for asset management and property management processing. The
system is also used as a reference and as a resource by many other users
within the authority, for example, for grass-cutting contract plans. The abil-
ity to produce a map of property attributes recorded in the housing system
(e.g. three bedrooms) will form the basis of a customer search facility to
assist tenants in their choice of a Council accommodation.

At Aylesbury Vale GIS implementation has enabled a large quantity of
data to be made available electronically to a wide user base within the
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Council, and the LLPG is used as an interface to any query about a property.
Furthermore, GIS is used for the capture and analysis of other spatial data
associated with leisure and community safety functions, such as the selection
of appropriate sites for new facilities and the matching of different spatial
data sets from different agencies in the fight against anti-social behaviour.
The key factors that have made GIS a success at Aylesbury Vale are:

e the corporate commitment made by the Council and a willingness to
stand by this decision, no matter what financial pressures were facing
the Council;

e the commitment of a small group of very committed and dedicated
personnel;

e a readiness by colleagues, not involved in the GIS Team itself, to
embrace the potential of GIS, despite the difficulty of converting
systems, data, etc.;

e the development of a funding model, which took the issues of finance
away from those working at the coalface, and allowed them to
concentrate on getting the job done.

The London Borough of Barking and Dagenham

In 1991/92 the London Borough of Barking and Dagenham (LBBD) devised
a strategy for property management incorporating GIS technology. This is
ongoing, and involves the implementation of the following components.

Core referencing system The central feature of the strategy was the
development of a framework of common referencing standards. The author-
ity decided that the problems and costs of taking forward a corporate infor-
mation management strategy were outweighed by the benefits arising from
the resulting opportunities for data sharing and reduction of data duplica-
tion (London Borough of Barking and Dagenham, 1996a).

The initial phase of GIS development concentrated on the land terrier and
corporate master address file. The council used to operate a range of
addressing systems, which was seen as a source of potential problems when
an integrated system was adopted. The master address file resolves this
issue by providing a standard system of address referencing. The addresses
are compliant with BS7666.

Computerised land terrier The LBBD used a GIS to create a digital land
terrier and property management system. Prior to this the council had in
excess of thirty manual property information registers, indexes and other
systems. The paper-based information system was becoming increasingly
complex for a number of reasons, not least the inherited property from
the Greater London Council and the sales of council-owned residential
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property under the Right-to-Buy legislation. After several local government
reorganisations the authority was operating many manual property infor-
mation systems. Eighty-five per cent of the authority’s property interests
were unregistered with the Land Registry. At the end of the 1980s the cre-
ation of a corporate property database was recommended, centring on an
address file ‘hub’ facilitated through a BS7666 compliant LLPG. Four devel-
opments were recommended:

land terrier and commercial property portfolio;
integration of existing and development of new property regulation
systems for planning, housing, health, highways and local land
charges;

e planned maintenance and building management system;

e integration of existing infrastructure related systems with new systems
(MacLellan, 1998).

GIS was regarded as a logical information system for recording long lease-
holds in flats, flying freeholds and relatively minor interests such as pram
sheds, all of which are difficult to record on a paper-based or alphanumeric
database. The land terrier computerisation and Council House Sales data
capture are now complete and significant financial benefits have already
arisen from the land terrier update through the cleaning of manual records.
The GIS-based land terrier means that paper maps do not have to be
renewed and the information about each parcel can be queried quickly by
many users. For example, vacant land in a certain locality or committee
ownership can be identified. The GIS also offers the ability to visualise ‘lost’
sites and development opportunities and correct ownership boundaries
(MacLellan, 1998). The council is aware that if it encounters problems
reconciling deeds with reality this could delay a conveyance and cause
developers to look elsewhere for opportunities.

The land terrier has already made a significant contribution to the oper-
ations of the authority. The effective administration of council house sales
information has been a primary source of benefits. The LBBD has 21,000
council house sales operations to administer, each with its own set of
restrictive covenants. These properties were sold off variously by the LBBD,
the Greater Lender Council (GLC) and the London Borough of Redbridge.
By using the master address file and GIS mapping to identify these proper-
ties, the LBBD has saved money and generated new income by recognising
errors in the title registration process, speeding up the process of inventory
by colour coding and mapping properties digitally and flagging up potential
benefits from existing covenants on sold properties.

An interesting application of digital mapping arose in the capture of par-
cel boundaries for the land terrier. Before the Second World War much of
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the Borough comprised agricultural land. Field boundaries were used to
demarcate the extent of many of the council’s older land titles and deeds
and these have long since been destroyed by urban development. One of the
problems faced by the authority was to reconcile ancient land titles and
deeds with the existing urban landscape. The solution devised was to utilise
digital OS County Series maps from the 1920s and 1930s which show the
field boundaries, and to reconcile these with the existing digital cover of the
Borough. This approach was found to be a highly effective way of identify-
ing the exact location of older land titles, and has been praised by the Land
Registry (LBBD, 1996).

Commercial property portfolio management system The commercial
property portfolio management system was developed for the Estate
Management Team in the Property Services Section of the authority. The
system is the first application to operate in conjunction with the comput-
erised land terrier. The council has fifty-seven sets of property data and
70 per cent of their information relates to council-owned property. The
property management system handles lettings administration of the entire
commercial property portfolio owned by the authority.

The authority is engaged in six types of property activity:

management of council property ownership;
control and regulation of property related activities;
council building management;

infrastructure development and maintenance;
service planning and marketing; and

local property taxation and electoral registration.

Further development of the property management system now includes a
planned maintenance system and related building management systems and
an infrastructure management system.

Land charges administration system The land charges administration
system encompasses information from the Planning, Health and Legal
Services departments relating to planning and building controls, highways
management and grants available for properties. By bringing together infor-
mation resources from these different departments, the administration
process is made more efficient. The authority is also considering integrating
Census of Population information with the terrier database for planning
and development purposes.

To summarise, GIS implementation at the LBBD began with the computer-
isation and merger of the land terrier and local land charges system. GIS
now comprises corporate property database, a land and property gazetteer
(master address file), planning and building control, local land charges and
property management systems (MacLellan and Musgrave, 1999).
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Other local authorities

Bristol City Council has adopted a federal approach to GIS implementation
where each directorate sets up its own GIS and uses core data from a LLPG.
So far, in addition to the core address and land parcel boundary data, data
sets captured include electoral ward boundaries, footpaths and other pub-
lic rights of way, areas of flood risk, Sites of Special Scientific Interest
(SSSIs) and map data from the Bristol Local Plan.

Morgan et al. (1994) describe how GIS is used to manage approximately
15,000 property interests at Strathclyde Regional Council. GIS implementa-
tion grew from grounds maintenance in Strathclyde Country Park and fol-
lowed an application-led development path. The Buildings and Works
department commissioned detailed plans and inventories of maintainable fea-
tures at 2,500 council-owned properties in the region. The land terrier is also
being digitised for use in the GIS. The aim is to develop a property manage-
ment information system which will include OS digital mapping, political and
administrative boundaries, grounds maintenance sites and legal titles.

At the Vale of White Horse District Council a GIS was introduced to man-
age the implementation of the regulations under the new Home Energy
Conservation Act. This act requires councils to produce plans to reduce
domestic energy consumption by 30 per cent over 15 years. The council cap-
tured building outlines and energy data for approximately 5,000 residential
properties owned by the Vale Housing Association. The GIS allows individual
properties and estates to be identified where energy consumption is highest.

At Birmingham City Council GIS is used for property management and
economic development, including management of regeneration, contami-
nated land, local land charges, planning and development control and
grounds maintenance. With regard to the property functions to which GIS
has been applied, internal data sets used in relation to these GIS applica-
tions include:

Terrier records (see Figure 5.2)
Land availability

Building condition

‘Deed’ plans

Employer database.

These are combined with OS digital mapping, address data and rectified
aerial photography. Land terrier records support property management, site
assembly policy and decisions. They are also used as a key to locate
additional records such as title deeds and individual property plans.
Planning data in the GIS is used to identify areas of economic need.
This helps in the preparation of bids for funding and the measurement
of compliance with performance indicators. The GIS is also used to assist
the planning of regeneration activity and targeting of support for businesses
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and community initiatives. At a more strategic level geographical areas
of economic activity such as tourism can be identified and analysed. The
benefits resulting from the application of GIS to these local authority
functions include easier targeting of activities within a defined boundary
rather than by address (the quality of the latter can be doubtful) and the
production of consistent and unambiguous property plans for use in con-
veyancing and other applications. Cost savings have been identified as
a result of the application of GIS in these areas and include the avoidance
of wrongly allocated grants (where a map boundary defines extent of
eligibility) and general efficiency savings in property management and plan
preparation. The only problem encountered in the application of GIS at
Birmingham City Council is that users can have difficulty interpreting
multi-layered data.

England (1996) reports that at Gloucestershire County Council the cor-
porate GIS strategy was implemented by the county surveyor. Benefits were
seen in terms of access to digital mapping, demographic analysis for better
targeting of services, ‘what if’ modelling and a map interface to existing sys-
tems. Studies by Sutton London Borough Council and Cardiff City Council
estimated the cost of working with maps to be in the order of £400,000 per
annum and these studies show that a GIS can reduce time spent on the
above activities by more than half. Each department established its infor-
mation requirements and these were shared to see where duplication
occurred. Data requirements are illustrated in Table 5.2.

Table 5.2 Local authority information requirements

Information Requirements:

. OS mapping

. Addresses

Socio-economic indicators

Census data

. Property database

. Pupil database

. Gazetteers (street names, postcodes, parishes, addresses, towns and villages,
schools, libraries, pubs, churches, garages, stations and hospitals)

8. Highways and planning data

N s LN

Applications include:

. Road maintenance (more than 1.5 million road inventor items are recorded)

. Accident analysis (accident information from last ten years)

. Traffic (counts over the last 10 years)

. Street works and road condition survey

. Development control and public rights of way

. Planning (applications, census analysis, sites and monuments, register of
industrial premises, waste sites and waste land use, key environmental sites,
minerals, strategic policy constraints, vegetation)

7. Police (use the accident system, mapping and address location, link to crime

statistics, property information and crime patterns)
8. Fire (hydrant and property location)
9. Social services (postcodes and address information)

o R O N S
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One authority has digitised all of the boundaries of the parks and open
spaces under its control so that the GIS can calculate the area of grass
that needs cutting. This helps the authority when advertising the contract for
tender. Some authorities use GIS to assist in their emergency and disaster
planning procedures, others use GIS to help manage traffic flow and provide
visitors with route information. A key benefit cited by local authority prop-
erty managers with regard to GIS-based property management systems is
access to data at remote sites. Problems typically centre on maintenance of
data, hardware and software incompatibility and lack of staff.

Overseas case study

The Economic Development Department of the City of Vallejo in
California (www.ci.vallejo.ca.us) has developed a GIS application that
lets prospective businesses search for information on commercial sites.
The web-based site selection application allows users to locate exist-
ing buildings or development land, together with demographic, eco-
nomic and traffic count data for the surrounding area. These queries
can help determine whether the workforce education levels and/or
consumer expenditure levels are compatible with the needs of a busi-
ness. Business listing information can identify possible competitors or
find companies that offer agglomeration potential. The Economic
Development Department works with local real estate agents and
landowners to keep property listings up to date. This saves time for
the local authority and puts prospective business in direct contact
with agents and owners. Prior to the GIS a prospective company
would talk to staff at the Economic Development Department who
would manually search for properties that matched the company’s
requirements in databases that were only updated a couple of times a
year. Subsequent to the launch of the GIS a company contacted the
local authority to arrange a tour of five properties that it had already
shortlisted on the web.

Large landowners

Housing associations

Riverside Housing Association and South Staffordshire Housing
Association use GIS to show trends in rent arrears, vacancies and afford-
ability and to map areas of high property turnover. The entire property
stock of each housing association can be displayed on a map and
geographical trends within the data, such as clusters of rent arrears and
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areas of high repair frequency, can be highlighted. Any data relating
to a property, such as rent information, stock condition information
and tenant status can also be symbolised and queried directly through
the GIS.

Trends in the data, such as cost of repairs by parish, can be analysed and
compared to other statistics about those areas. This helps assess whether
underlying diversity in the regional geography causes clusters in the housing
association’s data. An additional benefit is the ability to produce detailed
property location maps for tenancy officers and other third parties such as
local authorities.

GIS implementation has enabled the housing associations to access
information that was previously either unavailable or difficult to extract.
Moreover, by examining various types of data geographically, they are able
to make more informed decisions with regard to housing management and
development strategy. There are a growing number of applications in hous-
ing associations for GIS. For example ‘letting packs’ can be produced for
new tenants, which include detailed maps and photographs of the property
and neighbourhood. Profiles of local areas or neighbourhoods can also be
constructed by analysing both in-house and external data against boundary
information.

Property Advisors to the Civil Estate

The Property Advisers to the Civil Estate (PACE), an executive agency of
the Office of Government Commerce in the Treasury, was established in
1996 following a recommendation that Property Holdings be reconstituted
as an executive agency. Its aims are to co-ordinate departmental activity on
the Civil Estate and to provide departments with advice and support on
property issues ranging from facilities management to hiring consultants
and finding new accommodation.

Property Advisers to the Civil Estate is developing a Property
Information Mapping System for core Civil Estate data. The new database
will have the capacity to display the exact location and outline of Civil
Estate properties on OS digital maps together with digital photographs. The
system is designed to provide departments with shared access to their core
data together with remote update facilities via the Internet.

The PACE web site (www.property.gov.uk) provides a detailed
description of the plans to implement a GIS-based property information
system; the reasons for and method of this implementation are summari-
sed next.

The UK Government collectively owns, leases or has on licence many
thousands of land and property interests. Those which are used as offices, for
storage, etc. are often recorded on a range of databases within the various
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‘owning’ departments and agencies. However, there is no central framework
that enables estate managers or property consultants to identify easily
where these land and property interests are and where responsibility or
ownership lies. The implications of this are that if an asset is ‘lost from
sight’, it cannot be effectively managed and opportunities to realise capital
proceeds may be missed and redevelopment opportunities lost. Furthermore
Central Government has a key role in promoting urban regeneration with
efficient use of assets in the public sector. Knowledge of linkages and poten-
tial marriage value is a key to such innovation. The Government is also
committed to improving the management of public assets. This links with
the aim to optimise use of the property interests held by the Government.
The development of a co-ordinated land and property database could
ensure that assets are managed properly and that opportunities are taken to
realise the value of unused or under-used facilities. In the past property was
acquired for public use and then it was left to local staff to manage. The
Government’s commitment to the more effective management of public
assets, coupled with developments in technology, means that it is now pos-
sible to establish an easily accessible and comprehensive national record of
government-wide land and property assets.

Property Advisers to the Civil Estate is working independently and with
the Highways Agency to take forward pilot studies in relation to current
data sets, to identify how these can be brought up to BS7666 standard and
thereby integrate with other national initiatives. Once the preliminary via-
bility of these pilots is known, PACE will be inviting Departments to par-
ticipate in the creation of a proposed national Register of Government
Land and Occupational Property. The Register will facilitate tracking of
Government’s land and property interests and will identify where primary
responsibility for these interests lies. The Register will use a GIS and OS
digital mapping to ensure a consistent and common referencing framework
to underpin land and property information. In the longer term it is pro-
posed that the Register should provide a definitive record of all
Government interests in land and property and thereby offer a connection
with the many databanks in which more detailed property-specific infor-
mation is held. There are a number of features of the proposed Register
which make it particularly appropriate for Government departments
and agencies:

e  Every physical property boundary and seed point will be referenced to
the national grid and will be shown on large-scale OS maps.

e Information about the status of each property can be represented
geographically.

e It is possible to establish that parcels of land are, in fact, physically
adjacent and could combine to form a development site whose value is
greater than the sum of its parts.
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e Each land parcel can be related to other geographical and demographic
information.

e  Users can establish what property interests are owned by whom in any
given area.

e The data can be linked to other databases providing common refer-
ences are adopted.

e All branches of the Government will be able to access the key locator
information stored on the Register via the Government Secure Internet.

e Selected information stored on the Register could, if appropriate,
be made available to businesses and the general public via the Internet
provided protocols and gateways are established.

Each land or property parcel will also be allocated a unique identifier which
can be used as a cross-reference to other land and property information.
Ultimately the Register could contain the following core data:

site area

local authority area

land certificate number if the interest is registered
owner

responsible organisation

tenure

deed reference and location

postal address and code

entry date/amendment date

whether the property is affected by any easements or other registered
encumbrances.

Much of this information can then be viewed as overlays, for example, with
leaseholds and freeholds shown in different colours.

Using unique identifiers, the Register can link with the estate databases
of local authorities to provide, for example, information about planning or
local strategies. The Register can also link with the databases of the Land
Registry and the Registers of Scotland. This will provide access to title
information, indicating, for example, whether a freehold is subject to a
restrictive covenant or other encumbrance. The Register can provide access
to valuable contextual data relating to property interests by drawing on a
wide variety of external information sources such as:

information about the socio-economic characteristics of a specified area
contaminated land

archaeological sites

underground water courses
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e siting of retail and other facilities within a given radius or drive-time,
¢ identities and contact details of relevant utilities and statutory undertakings.

Each land parcel polygon can be overlaid with geographical information
corresponding to the selected search area or a specified buffer around it.
This enables the user to search for information relevant to, say, a five-mile
buffer around the site boundary. Typical applications of this might include
relating a site to zoning information within the local plan, which can be
visualised as an overlay.

The principal benefit to Government departments and agencies of the
Register is that it will enable them to identify units that are no longer
needed for operational use — and therefore make informed decisions as to
which are available for disposal. It will also facilitate consideration of
options as to the best way to dispose of these properties. By identifying sur-
plus interests against an OS map base the system offers an effective way of
establishing that several interests are adjacent and that small pieces of low
value land can be put together to form something more valuable or mar-
ketable. When properties are viewed against a map base, adjacent
Government interests can be identified more easily which allows for smaller
interests to be sold to adjoining owners.

The Register can use the GIS software to filter and prioritise. For exam-
ple, all interests in built-up areas (i.e. those shown on 1:1,250 scale map-
ping) of an acre or less can be targeted first, or all rural interests (i.e. those
shown on 1:2,500 and 1:10,000 scale mapping) of over an acre. Where
departments or agencies have a large number of property interests, the
majority of which will be impossible to sell or of a nominal value only, the
ability of the Register to filter and prioritise will help to design a disposal
strategy which can maximise the value of these interests.

The GIS-based Register can relate parcels of land to other geographical
data. For example, land can be shown overlaid on the local plan whose zon-
ing/use designations can provide significant clues on how to maximise the
potential value of the property. The ability to overlay current OS mapping
onto old title plans can provide a clear indication of whether a parcel of
acquired land was fully used in connection with a development scheme or
whether part or all of that land is surplus and now available for disposal.

Many departments and agencies are likely to find that the bulk of their
surplus parcels of land are of little value. These interests are a potential
liability and will frequently be worth disposing of irrespective of value. The
Register offers the opportunity to design a disposal strategy which can
achieve significant proceeds from even small parcels of land, for example,
by building a programme of garden land extension sales.

The aim is that the Register database and GIS applications and the digital
mapping will be easily accessible to users, via the Government Secure
Internet. The Register will provide property owners/managers and occupiers
across the public sector with a building block on which to construct a standard-
setting land and property management information system.
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London Transport Property and Network Rail

London Transport Property has implemented a GIS-based property asset reg-
ister. Property assets covering an area of London out to the M25 motorway
can be searched by the nearest tube, street name or reference number. At pres-
ent the referencing of property assets is not BS7666 compliant but is based on
the Royal Mail’s Postcode Address File. The search result displays a map
centred on the identified property, which is shaded according to tenure type,
with OS large-scale mapping as a backdrop. Attribute data can then be
queried from the database and search results can be output to a property asset
report which includes a map. The GIS also includes editing tools for the
update and maintenance of the register. The benefits of the GIS-based register
are the visual perspective on property assets and the removal of reliance on
paper-based OS map sheets that were maintained manually and suffered from
the usual land terrier problems described earlier in this chapter. Problems
encountered during implementation of the GIS application have largely been
of a technical nature. For example, legacy data was not easily transferable to
the new system and the GIS database adopted was not relational.

Aerial photography has been used as a background for property identifi-
cation relating to specific development projects. A particular problem that
London Transport Property faces is that some of the property assets are
underground and therefore OS mapping does not provide a meaningful
backdrop to the location of these assets. Consequently underground assets
are not geo-referenced.

A further GIS development at London Transport Property is the compulsory
acquisition system that automatically issues Notices to Treat to property
owners who are affected by new development programmes. The notices
include A4 plots of the area affected by the development at the land parcel
level. Explanatory letters can also be automatically sent to relevant parties
within a specified proximity to the development proposal.

Network Rail has invested in GIS for the compilation of their asset
register and to assist with planning, designing and information sharing on
major infrastructure projects. Bespoke software was developed to link
legacy asset management data to GIS software. Features can be located
geographically and attribute data queried, and vice versa. The GIS therefore
assists Network Rail in the management of their property portfolio of
approximately 7,000 properties, together with incident management.

Ministry of Defence

The Defence Estate comprises 225,000 hectares of freehold property,
15,000 hectares of leasehold property and rights over 124,000 hectares of
danger areas and training. This includes 48,000 structures in 2,600 sites in
1,800 locations in the UK (including airfields, docks, masts, offices, ware-
houses and retail) which is valued at £14 billion. According to Wooden et al.
(1999) GIS is used to manage the OS digital mapping, training area



140 GIS applications in land and property management

maps, farm plans and lease information for this estate. Plans are produced
for the acquisition, disposal and development of land. GIS can help identify
cost-effective methods of managing and rehabilitating infrastructure and
facilities, environmental compliance monitoring, cleanup and remediation.
GIS is also used to manage environmental and conservation information
and rights of way. The system is now available to approximately 900 users
over an intranet.

Valuation data are collected on a five-year rolling programme and,
together with other land and property data, this forms the basis of the
Defence Property Register. All land and property interests have been geo-
coded and a map interface can be used to access the database. Simple geo-
graphical query tools are available to show, for example, sites with a value
of more than £10 million and within a radius of 10 kilometres of a selected
site. There are plans to transfer the land terrier to the GIS with links to
scanned title deeds and other documents.

Facilities management

GIS tools can be applied to room-size assets as well as land parcels and
properties. Information about facilities is used to support a number of busi-
ness processes such as maintenance and operations, property management
(acquisitions, disposals, refurbishment and redevelopment), human resources,
capital planning, inventory services and information services. GIS offers
advantages over traditional CAD and Computer Aided Facilities Management
(CAFM) systems due to the ability of GIS to perform complex geographical
analysis and graphical navigation. GIS also provides the opportunity to inte-
grate infrastructure management with room-level detail. This is not possible
with traditional CAFM systems. The map interface and topological data
structure in GIS provide a powerful and flexible means of organising,
analysing and presenting facilities information at every level of a company’s
infrastructure. For example, using GIS for space management, a planner can
identify the impact of infrastructure projects on building occupants, pinpoint-
ing, say, the building support, public bathrooms or other areas that will be
taken out of service when underground utilities that service that facility
require maintenance (Gondeck-Becker, 1999). By implementing a spatial
model for facilities information, relationships can be developed among these
business processes that could not be achieved previously. For example, a
common spatial reference of ‘office number’ in both human resource data
(personnel name, position and office number) and in maintenance manage-
ment data (equipment name, service call, service date and office number)
allows correlation of personnel to equipment and service calls. This spatial ref-
erence provides a consistent vocabulary for locating facility assets and enables
business analysis to cross departmental boundaries (Gondeck-Becker, 1999).
The following case studies illustrate the application of GIS to facilities
management. They show how the structure and data management schema
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of a GIS can be used to extract, query and analyse facilities information and
present the results of an analysis in map form. They provide an apprecia-
tion of the potential advantages and disadvantages of a GIS in a facilities
management context.

University of Bristol Healthcare Trust

The internal room layout of one of the buildings occupied by the University
of Bristol Healthcare Trust (UBHT) was mapped and attribute data col-
lected in 1995 in order to assist with space planning at the hospital. The
five-storey building comprises a basement, ground floor and three upper
floors. The floor plans and room-specific attribute data can be viewed and
analysed using a GIS. Figure 5.3 shows that the rooms for each floor of the
building were mapped in separate layers within the GIS and floor 3 is
displayed, together with the attribute data for room 176. This allows
adjacency and the proximity of compatible or incompatible room uses to be
examined visually. Maintenance and repair programmes can be constructed
using the attribute data in such a way that teams can work on logical
groups of rooms before moving on.

Similarly, thematic or choropleth maps can be created to illustrate room
use (Figure 5.4), occupancy level (Figure 5.5) and any of the attribute data
stored in the database for each floor. Attribute data can be used to extract
subsets of the data. For example, Figure 5.6 shows rooms on floor 2 which

i
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Figure 5.3 Floor 3 rooms classified by departmental responsibility.
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Figure 5.4 Rooms on floor 2 classified by use.
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Figure 5.5 Rooms on floor 1 classified by occupancy level.
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Figure 5.6 Rooms on floor 2 used by the Pathology Department and have a digital
door-lock.

are used by the Pathology Department and have a digital door-lock.
Attribute data relating to facilities that are not necessarily room-dependent
can be stored in relational databases and linked to the room data using
unique identifiers. This is how the facilities data for the UBHT building
were managed and Table 5.3 illustrates the attribute data that were
recorded in databases for each floor of the building and the database struc-
ture for associated facilities data. The room_id field is the link between the
attribute table for each floor and the related ‘facilities’ databases. A GIS is
able to use these relational links between databases when analysing data.
For example, Figure 5.7 highlights those rooms on floor 3 that are used by
the Ante-Natal Department and Ante-Natal Clinic and have tap tempera-
tures that are 60 degrees or greater. To perform this query the water fittings
database must be joined to the floor 3 database.

What sets GIS apart from other facilities management software is the
ability to perform spatial analysis. Using a simple overlay technique, for
example, it is possible to identify rooms where the X-ray Department on
floor 1 is directly above the kitchen area on the ground floor. Similarly,
proximity analysis can be used to determine which rooms on floor 1 are
within a distance of say one metre of rooms used by the Ear, Nose and
Throat Department.



Table 5.3 Building facilities databases

Attributes of floor rooms

Associated facilities

room_id (code)

room title (text)
department (text)
directorate_id code
peopleuse_id (code)
occupancy_id (code)
room height (value)
decorcond_id (code)
ceilingtype_id (code)
floortype_id (code)
windownumber (value)
windowtype (code)
windowlock (T or F)
windowhazard (T or F)
surveydate (date)
datainputdata (data)

Water fittings
room_id
watertitting
taptype_id
taptemp
tapref
Radiators
room_id
radiator type
number
comments
Pipework
room_id
pipe type
diameter
length

Light fittings

room_id
lighting type
number
comments

Ventilation

room_id
ventilation type
number
comments

b
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Figure 5.7 Rooms on floor 3 used by the Ante-Natal Department
Clinic and have tap temperatures 60 degrees or greater.

and Ante-Natal
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Overseas case study

In the USA a GIS is used as a space management system at the University
of Minnesota. The university has 80,000 students and staff, 24
million square feet of floor space and 1,000 buildings valued at more
than three billion dollars. The GIS provides information on occu-
pancy, size, use, programs, accessibility, etc. and can be linked with
other departmental systems. It was designed to help human resources,
inventory services, telecommunications and other departments that
use spatial identifiers (building or room numbers) as a primary
method of organising data. A graphical navigation and query inter-
face links 1,300 floor plans and campus maps with over 60,000 data-
base records. The campus maps provide information on buildings and
the floor plans provide information on rooms. Colour-coded plans
can be created using database data and infrastructure management
data can be integrated with room level detail so a planner can identify
the impact on building occupants when underground utilities require
maintenance. The finance department uses the GIS to analyse build-
ing and operating costs and data can be analysed to identify buildings
and departments with high operating costs (Jordani, 1998).
Gondeck-Becker (1999) reported that implementation of the Space
Management System (SPACE) at the University of Minnesota began
with an analysis of requirements, management procedures and related
business processes to identify space management needs and require-
ments. Key factors uncovered during the analysis phase included:

e Effective business decisions require access to and synthesis of
information from a variety of information systems across the
University including facilities management.

e Location is an organising concept for a variety of departmental
data including human resources, security, class scheduling, inven-
tory and research. These databases include information on attri-
butes ranging from staff names and position to lists of controlled
substances, equipment and hazardous waste. Associating a build-
ing and or room number to organise departmental data is a com-
mon practice.

e Departments need information about the facilities that accommo-
date people, equipment and activities tracked in departmental
databases. The information they need includes data about the
location, size, condition, accessibility, assignment of space and
other factors.

e Lack of an enterprise-wide spatial model (e.g. site, building and
room numbering scheme) causes other users to develop their own.
This leads to multiple database maintenance and inconsistent data.



146 GIS applications in land and property management

e Departments need access to accurate, up-to-date drawings of
facilities.

e Departments need robust and flexible data access and reporting
tools that incorporate graphical navigation, query and reporting.

e Accurate space data has a significant economic impact on Indirect
Cost Recovery (as related to federally funded research), occu-
pancy and deferred renewal.

e Legacy space management systems that make data difficult to
access frustrate efforts by academic units to make effective deci-
sions regarding assignment of space. With the existing system
integrity was questionable, data was not current and the system
was not used by some groups. Difficulty in use and maintenance
of data led to a backlog of incomplete revisions.

User requirements dictated the selection of an enterprise-wide facili-
ties management system rather than a departmental solution. The
Project Team determined this approach would add business value to
many departments in the University, not just facilities management.
The system needed to provide an intuitive interface for finding,
analysing, consolidating and communicating facilities and related
data and present data graphically via maps, floor plans and other
data. It also needed to allow users to integrate facilities data with
information from other university systems such as classroom schedul-
ing, inventory services, human resources and departmental databases,
spreadsheets and other tools used to manage departmental data. The
system needed to be easy to maintain and provide accurate, timely and
auditable data.

The SPACE System allows users to connect institutional data, such
as occupancy and use, with data that departments maintain for their
own requirements such as instructional activities, research projects,
controlled substances and hazardous waste. User-defined data can be
analysed together with institutional data, floor plan drawings and
maps. Responsibility for collecting and updating institutional data
resides with the facilities management department while user-defined
data maintenance is the responsibility of the individual department. In
order to connect user-defined to institutional data for analysis, the
data sources must have a common identifier (e.g. building or unique
room number). The data are organised in a spatial hierarchy by:
(1) Campus, (2) Zone and/or District (if one exists), (3) Building,
(4) Floor, (5) Room and (6) Room Detail. Most of the information
about space is attached to the room and room detail records, but it is
possible to capture information about an element at any level of the
hierarchy. The room record stores all of the information that is valid
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for the entire room, such as size, capacity and accessibility. User-
defined data can be connected at any level. Floor plan drawings can
be used as a tool for navigating and reporting to a variety of data.
Users can conduct ‘what if* scenarios for planning and design.

Campus maps illustrate major geographic and facility features;
roads, sidewalks and building outlines have been incorporated. Plans
for future releases include the incorporation of utility and other infra-
structure data. Floor plans illustrate exterior and interior walls, win-
dow locations and door openings. Major structural, circulation
elements (stairs, elevators) and mechanical shafts are also noted.

As an example of application, Residential Housing merged its
database of room assignment characteristics (gender preference,
smoking preference, visitation, etc.) with institutional data. The com-
bined data was used to produce drawings used for student registration.
In another example, the group responsible for facilities maintenance
is integrating their maintenance management system with the SPACE
System. By sharing data that describe the location hierarchy, mainte-
nance planners have access to institutional space data to schedule pre-
ventative and unplanned maintenance. The Finance Department is
using SPACE to help analyse the building and operational costs for
University facilities. Once the cost data are linked to SPACE they can
be queried to identify buildings and then departments and activities
in those buildings that have high operating costs. The Facilities
Management department is using the system to create campus maps
that are colour coded to reflect the costs of different utilities.

The SPACE System uses GIS technology to provide accurate, up-to-
date drawings and facilities data to support the activities of a broad
spectrum of users and business processes. A university-wide solution
requires more collaborative effort during implementation but the
result can add value to institutional data, facilitate the flow of infor-
mation between business functions and support integration across
departmental boundaries. It is a powerful management and analysis
system that is having a much broader impact on the efficiency of the
organisation.

Also in the US, the Davis Campus of the University of California uses
a GIS for physical, environmental and capital planning. The campus
comprises 3,500 acres, over 1,400 buildings and 24,000
students and the GIS is used for long-term development of the campus
(Boyd and Rainbolt, 1998).

Finally, in the District of Columbia, a GIS has been developed to man-
age the facilities of 164 school and administrative land and buildings,
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totalling some 31 million square feet of space. The GIS was imple-
mented to manage information on ward boundaries, attendance
zones, rivers and streets. School information such as names, educa-
tional programmes, average class size, student enrolment, capacity,
community accessibility, comfort rating, handicap accessibility, room
closures and physical details of buildings and facilities are also input.
The GIS is used as a decision tool for maintenance programmes
(Kilical and Kilical, 1996).

Rural land management

Rural estate management

GIS can be used in rural estate management (Donald, 1999) for the following
purposes:

to produce land use maps;

area management for subsidy claims;

link database of cropping records, nutrient status, soil type, drainage
works, yields to maps;

accurately map field boundary changes;

produce conservation maps to accompany bids for grants;

help valuations, forecasts and budgets for forestry suppliers and the
Forestry Commission.

As an example the Boughton Estate comprises 4,500 hectares in
Northamptonshire plus additional land and minerals in Cumbria. The estate
includes 1,000 hectares of woodland, 11 tenanted farms and one in-hand
farm, five conservation villages with over 200 properties, a variety of com-
mercial and other buildings (many of which are listed), wayleaves, ease-
ments and mineral extraction rights. As well as requiring access to accurate
and up-to-date estate records, managers need to be able to capture and
communicate estate information geographically. They also need to be able
to produce customised plans and perform land use modelling. A GIS,
together with GPS data capture facilities, was regarded as the solution (GI
News, 2001). Estate data, such as property agreements, sales and access
rights, are held as overlays and tables in the GIS, which is used for:

e Estate modelling — to create maps and schedules for the forest design
plan, showing woodland composition, felling and re-stocking.

¢ Dispute resolution — one cottage on the estate was sold in 1980s and
the conveyed boundaries were incorrectly fenced, resulting in a dispute
between the owner and the estate when the property was resold in 2000.
The boundary was therefore resurveyed and superimposed over the
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conveyed boundary to identify discrepancies and create plans for recti-
fication of documents to satisfy solicitors and the Land Registry.

e Development land sales — the estate was granted planning permission
for housing on a large area of land and a GPS was used to subdivide
the land into plots and to monitor land registration.

e Area-based grant applications — throughout the European Union there
is a requirement to continuously update agricultural maps for the
Integrated Administration and Control System (IACS) that monitors
the disbursement of funds under the Common Agricultural Policy.
Only a 2 per cent error in areas recorded is permitted. GPS and GIS
are used to ensure correct payments for agriculture and woodland
practices by accurately measuring field and wood areas. ‘Some disused
quarry land on the estate was identified for landfill, resulting in a
boundary change. This adjusted the area of an agricultural field previ-
ously registered for IACS. GPS was used to survey the new fence line.
The data were transferred into the GIS where they were used to create
a new field plan, centre point and area for application to MAFF, with-
out having to wait for the OS to resurvey’ (GI News, 2001).

Future applications are to include the digitisation of utility infrastructure on
the estate to allow wayleave payments to be reviewed, and the identifica-
tion and survey of potential adverse possession of estate land.

Agriculture

With regard to agriculture, GIS is used to assist precision farming, balanc-
ing the need between the economic return from a crop with the environ-
mental impact. An increasing number of farmers are investing in GPS
receivers which can pinpoint precise locations by locking onto a network of
satellites. Combining this information with OS digital mapping using a GIS
allows the farmer to store, analyse and display a wide range of data — from
crop yields and fertiliser requirements to tracking machinery and locating
staff. Farmers can map yield, weed or insect infestations. This information
can then be used to apply herbicides and pesticides more effectively. GPS
can also be used to record agronomy variables (nutrient and moisture lev-
els) at grid intervals (alternatively satellite imagery is used for data collec-
tion over wide regions). These location data are input into a GIS and
integrated with other data geographically. This helps determine where
chemicals and pesticides should be applied.

Shuttleworth Farms in Bedfordshire make extensive use of both GPS
equipment and digital mapping. GPS is used to determine the amount of
fertiliser, chemical or spray to use. Identifying a combine harvester’s exact
position using GPS enables farmers to plot yield maps by logging the precise
yield from crops passing through the machine at any particular moment.
The farmer can then produce a map showing the yield across a field. This
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information can be used to work out how much fertiliser to use and precisely
where it needs to be spread. Farmers can also see which fields produce the
best returns, helping them to plan their planting for maximum results and use
their resources more efficiently. The progress of vehicles and machinery can
also be followed on-screen using computerised mapping that shows the lay-
out of the farm. Messages can then be passed to staff on the ground, such as
how close a grain trailer is and how long it will take to reach them.
In the US, GIS is used in agriculture by:

e retailers to assist in the marketing and transportation of fertilisers and
chemicals;
agronomists for monitoring production trends;
agricultural lenders and crop insurers to rate and market crop
insurance policies;
agricultural manufacturers for marketing, operations and distribution;
agribusiness for wholesale distribution.

Overseas case study

Sunkist growers (a citrus marketing co-operative in California) use
GIS to estimate the quantity of fruit available each season. This is
done by tagging and measuring a sample of oranges in orchards and
noting the position of the source tree in the orchard and the region.
This information is combined with satellite imagery and aerial photo-
graphs. The system also allocates growers to specific counting houses,
thus avoiding potential miscounts. The system will include data from
the National Weather Service in the future to pinpoint areas of poten-
tial crop damage due to hail or freeze. Demographic data will also be
added for marketing purposes.

The Gordon Family Ranch is a vineyard in California and it uses
GIS for planting, fertilising, harvesting, preparing reports to govern-
ment and maintaining data on experimental rootstock plantations.
GIS is also used to create a soil nutrient gradient for planting and for
the addition of lime in acidic areas. With regard to harvesting, differ-
ent parts of the vineyard ripen at different times and therefore sugar
samples are taken to create harvest-scheduling maps. GIS is also used
to define areas needing special soil treatments rather than applying
them uniformly to the whole vineyard.

Land management

English Nature promotes the conservation of England’s wildlife and natu-
ral features and is the Government’s advisor on nature conservation.
Amongst its other responsibilities English Nature designates the most
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Figure 5.8 Areas of Ancient Woodland.

Source: English Nature, used with permission.

important areas for wildlife and natural features as Sites of Special Scientific
Interest (SSSI) and secures the sustainable management of these sites. It also
establishes and manages National Nature Reserves (NNRs) and Marine
Nature Reserves. In order to assist the undertaking of these tasks English
Nature has created digital boundary data for SSSIs, NNRs, Special Areas of
Conservation and other areas of specific natural phenomena.

Figure 5.8 illustrates the ancient woodland areas around Bath and
Trowbridge in the south west of England. The data recorded about each
wood include its grid reference, area in hectares, how much is semi-natural
or replanted, whether any of the wood has been cleared (since 1920 approxi-
mately), public ownership details where known, and any conservation
status. Prior to digitisation of the boundaries, only paper maps depicting
each ancient wood at 1:50,000 scale were available.

Figure 5.9 illustrates Character Areas for Devon and Cornwall. There are
159 of these areas in England, each of which is a distinctive division of
landscape and cohesive countryside character, on which strategies for both
ecological and landscape issues can be based. The Character Area frame-
work is used extensively by the Countryside Agency to describe and shape
objectives for the countryside, its planning and management. These areas
are not derived from administrative boundaries, but follow variations in the
character of the landscape. As they are based upon the distribution of



152 GIS applications in land and property management

"
YV =

BUICE] Ttm

".'r"l I;_’r!_;ﬁ-_.,____

-

b

S N T

L, 1

L "
(Lo}
v

—

(PEN N ol

“simamen sl

1A
b The Lizand

Figure 5.9 Character Areas.

Source: English Nature, used with permission.

wildlife and natural features, the land use pattern and human history of each
area, the boundaries are difficult to define precisely because of the gradation
from one area to another. Consequently, the boundaries should be regarded
as the approximate limits of the areas involved (www.englishnature.org.uk).

Natural Areas are bio-geographic zones that reflect the geological foun-
dation, natural systems and processes and the wildlife in different parts of
England. There are 120 Natural Areas, many of which are coincident with
Character Areas; the remainder comprise one or more Character Areas.
Natural Areas are a sensible scale at which to view the wildlife resource,
from both a national and local perspective, and they are used by English
Nature as an ecologically coherent framework for setting objectives for
nature conservation. Figure 5.10 shows the Natural Areas for part of south-
west England (www.englishnature.org.uk).

At Nottinghamshire County Council GIS is used to aid landscape protection,
conservation and management and the development of a departmental envi-
ronmental records centre (Shalaby and Ford, 1995). GIS is used to identify
ancient woods, permanent grasslands, heathlands, historic parks and mature
river courses. Some 46,000 polygons have been digitised and other environ-
mental data are overlaid. The GIS is used to help determine landscape char-
acter by analysing components such as distribution of woodland, ecological
habitat and features of designated conservation interest. GIS is also used to
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Figure 5.10 Natural Areas.

Source: English Nature, used with permission.

integrate land use and land cover data for each of the landscape types in the
Environment Agency’s river-catchment management plans. Local authority
officers have calculated existing levels of woodland cover, grass, arable land,
urban land and mineral extraction and use the data to determine planting
and land use policies for each landscape type. GIS is also used to identify
areas where, say, woodland planting would not be appropriate. ‘GIS has
thus helped to ensure that an initiative that will have a major effect on the
future landscape takes account of sensitivities and builds upon the estab-
lished character of the area’ (Shalaby and Ford, 1995). The GIS records:

rural land use;

derelict land and mineral extraction sites;

sites of ecological importance, ancient woods and mature landscape areas;
SSSIs and sites of biological and geological importance;

wildlife trust, local nature reserves and other designated wildlife sites;
regional character areas, common land and village greens;

scheduled ancient monuments, listed buildings and conservation areas.

Applications include:

e landscape protection, conservation management and major landscape
initiatives;

e nature conservation management and planning, re-surveying of sites;
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information source for the ‘State of the Environment’ report;

land use change and monitoring, land reclamation, minerals planning;
highway and transportation schemes;

informing planning policy, processing applications and briefs;

local planning enquiries and general research purposes.

In Wales the Environment Agency needed to improve the quality of maps and
reports for internal and external users such as the recently formed National
Assembly for Wales. There was also a need to increase the credibility and
utility of environmental information for other partner organisations. The
Environment Agency in Wales has therefore implemented a GIS to help meet
this objective, the key benefits of which include the ability to quickly find a
location and view accurate and precise information and the ability to analyse
complex data to assist decision support and policy formulation. Much of the
Agency’s work is catchment based, with some of the data extending beyond
Wales (e.g. the Dee, Seven and Wye river catchments) and is held and man-
aged by external agencies such as the Environment Agency (Midlands). Data
sets used by the Environment Agency in Wales include:

designated site boundaries, habitat surveys, etc.
scheduled ancient monuments
agro-environment schemes

woodland areas

development plans, planning proposals

flood plain data

OS data

landfill site locations

flood warning areas

local environment action plans.

All functions within the agency utilise a standard set of tools, enabling users
to view, plot, query and share spatial data. In addition applications are
being developed to meet the specialised needs of some functions such as:

e Flood Defence - indicative flood plain mapping, flood warning
analysis, maintenance of Agency assets and infrastructure.

e  Water Resources and Ground Water Protection — river catchment
modelling, water abstraction licence monitoring.

e  Customer Services and Planning Liaison — screening of planning
applications, staff/customer queries, constraint checking.

In another application the current landscape of the UK has a historic
dimension which needs to be recognised and presented in a readily under-
stood format. This facilitates appropriate landscape management regarding
evaluation, conservation and preservation of the historic environment.
‘Historic Landscape Assessment or Characterisation’ is a GIS application
designed to assess the ‘time-depth’ of a landscape, that is, its historic origin
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(www.agi.org.uk). On completion the project will cover Bedfordshire,
Cambridgeshire, Essex, Hertfordshire, Norfolk and Suffolk. The brief, set
by English Heritage and the relevant Regional Authorities, was to map the
landscape according to its various historic attributes including:

e  Field systems: various types of pre-eighteenth-, nineteenth- and twentieth-
century origin,

e Parklands and Policies: their date of origin and subsequent changes of
use, for example, to golf courses/hospitals, educational institutions, etc.

e  Woodlands: ‘ancient’, nineteenth and twentieth century.

The information allows the historic dimension of the landscape rather than
site-specific assessments to be taken into account for strategic planning and
in individual planning applications. The GIS application has been used in
Hertfordshire for landscape character assessment, planning strategy and
policy including minerals, development control issues and the management
of archaeological/historical resources.

The application uses a rural, broad-brush approach, where historic maps
and current paper and digital data are assessed at 1:25,000 and digitised at
1:10,000 scale. The assessment is applied on a field-by-field basis and is a
desk-based approach with minimal field verification. A seamless current land-
scape layer is created with additional but discontinuous layers within the data-
base of historic events relating to individual land parcels. In some areas the
current landscape may date back to the sixteenth century or earlier. Other
areas have undergone many changes which may have great ‘time-depth’ of
events, but a more recent history. As an example a ‘prairie field’ created after
1950 may have been enclosed in 1880, but still retains relic elements of its pre-
eighteenth century origins, whereas an adjacent field may date back to 1588.

Data sets used are classified as either current or historic. Current map-
ping includes OS Landline and 1:10,000 raster map data. Historic maps
include Ordnance Survey (1950 sheets), First Edition (nineteenth century),
County base maps (eighteenth/nineteenth century), Tithe maps (nineteenth
century), Enclosure Maps (nineteenth century) and Estate maps (dating
from the sixteenth century). Maps can be constructed, recording the diver-
sity within a landscape, enabling traditional spot site data to be nested
within its historic landscape (which may or may not be contemporary).
Associated databases allow searches, enabling the enquirer to reconstitute
those past landscapes that have survived, or to carry out complex analysis
within and with other appropriate GIS data sets.

Another project under way in the UK seeks to create a Land Cover Map
of the country. This will be a census of the countryside of Britain in the form
of digital maps and databases plus derived products for use in GIS and
statistical packages. Land cover will be classified as one of twenty-eight
different types in a vector map, thus segmenting the landscape into land
parcels and recording dominant land cover and attribute data for each
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Figure 5.11 Extract from the Land Cover of Great Britain (1990) showing the Isle
of Wight, © NERC.

parcel. There will also be a raster coverage on a 25-metre grid that will
record land cover and summary data will be produced that will state dom-
inant cover together with its percentage cover for each square kilometre
(www.ceh.ac.uk). Figure 5.11 shows a sample of the Land Cover Map for
the Isle of Wight, off the south coast of England.

Finally, in Essex the Historic Towns Survey Project funded by English
Heritage used GIS to link to Essex Sites and Monuments Records (ESMR).
ESMR shows the location of sites and archaelogical finds on a backdrop of
OS map data.

Summary

This chapter has demonstrated that the use of GIS for land and property
management began in organisations whose functions are geographically
discrete, such as local authorities. This was due to data cost and the ‘project’
nature of GIS applications in the early days of the development of the tech-
nology. This latter point also helps explain the application-led development
of GIS in local authorities, whereas a corporate approach might have been
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more effective in the long term. The creation of an authority-wide land and
property gazetteer makes sense but departmental/single application imple-
mentation is easier to justify financially.

Cost and availability of data have decreased and increased respectively.
Consequently the use of GIS for geographically dispersed applications is now
cost effective and they have increased in number. The use of GIS by large
landowners and organisations responsible for a more expansive geography of
property are now finding that GIS offers real benefits. GIS have been used in
property management ranging from crop and land parcel level to natural areas
of several thousand square kilometres in organisations as diverse as Defence
Estates to English Nature. The utilities have not been considered here because
their use of GIS focuses on the management of infrastructure networks rather
than property management. The experience of GIS implementation in many
of these organisations has shown that it is a case of balancing the need for data
accuracy and completeness against fitness for purpose. Sometimes the balance
is wrong — what might be an acceptable level of accuracy for the initial appli-
cation may not be sufficient for subsequent applications.

The initial phase of GIS implementation for many organisations was a
data audit, which often revealed many problems. Data cleaning was the
next stage and this can be very expensive and requires prioritisation
depending on the nature of the application(s) envisaged. Often the first
application was map production — the ability to produce maps on demand
for many users without a drop in output quality was justification enough
for some. The power of GIS is the value it can add to data collected for one
purpose but, through integration and geo-referencing, is useful for another
purpose. Those organisations that have adopted an application-led
approach may find that data collection policies need to be reviewed in the
light of wider GIS use. Those organisations yet to tread this path would be
wise to undertake an application audit at the same time as a data audit.

Perhaps the strongest tangible benefit noted by many users of GIS for land
and property management was the ability to visualise relationships between
property and the surrounding geography by mapping land and property
assets. This geographical view of assets aids property decision-making.
Perhaps the strongest intangible benefit was the data audit and cleaning
process referred to above. At a more technical level, the move from point data
to ownership extents delineated by polygons on a map helps to identify own-
ership, proximity and other neighbourhood issues at the land parcel level. The
use of land parcel extents rather than seed points will undoubtedly increase
following the introduction of OS Mastermap discussed in Chapter 4.
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6 Planning and development

Introduction

Architects, developers, surveyors and planners make decisions on how geo-
graphic resources should be utilised. The results of these decisions are per-
haps most clearly observed when they relate to the development and
redevelopment of the built environment. Since 1947 all land and property
development activity has been subject to regulation in the form of planning
and building control. The volume, breadth and sophistication of this regu-
lation have risen markedly over the last fifty years and consequently the
requirement for information systems to assist in the interpretation of plan-
ning and development policy has similarly increased. The number of parties
involved in planning and development decisions has risen too, making for
a more complex dissemination and cross-checking process, for which GIS is
a solution.

This chapter focuses on GIS applications for planning and development
functions. Some of the earliest GIS applications in the UK were developed
in local authority planning departments and this chapter considers the role
of GIS in government planning first. The use of GIS for planning within
local government has tended to focus on the automation and improvement
of statutory operations such as searches of local land charges and the pro-
cessing of planning applications. The following section then turns to GIS
applications within central government planning. Here the planning func-
tions are more strategic and relate to the formulation of planning policy and
issuance of guidance for regional and local government.

In terms of development, the decision-making process begins with site
identification and appraisal and GIS has been used in a number of innova-
tive ways to assist these functions. Of particular relevance to UK property
development activity at the moment is the reuse of previously developed
land or ‘brownfield’ sites as they are more commonly known. The potential
for environmental risks and liabilities is greater on such sites and therefore
development decisions tend to be more carefully considered than for
undeveloped or ‘greenfield’ sites. GIS has been used to great effect in the
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synthesis and presentation of environmental and other land use information
for development purposes.

Finally, and perhaps most imaginatively, GIS has become a favoured tech-
nology on which to base urban design and visualisation applications. Some
of the advantages that GIS offers over CAD and CAFM software were
described in Chapter S. Similarly, for urban design, the ability of GIS to
store and link attribute data to geographical or spatial features such as a
new building or road means that much more can be asked about how these
features fit in to the landscape and relate to neighbouring features. In short,
the impact of a design can be analysed rather than merely visualised.

Planning

Planning policy

‘Planning is the art and science of ordering the use of land and the charac-
ter and siting of buildings and communication routes so as to secure the
maximum practicable degree of economy, convenience and beauty’ (Keeble,
1969). On its web site the Office of the Deputy Prime Minister (ODPM)
states that ‘our overall objective is to create a fair and efficient land-use
planning system that represents regional differences and promotes develop-
ment which is of a high quality and sustainable’ (www.dtlr.gov.uk). For the
purposes of this chapter and in keeping with Birkin ef al. (1996), a more
generalised definition of planning is adopted, which includes activities such
as social services, labour market and transport planning, as well as the more
conventional town and country planning responsibilities of a local author-
ity planning department.

At the national level planning involves the publication of strategic policy
and guidance for implementation at the regional and local levels. The for-
mulation of this policy and guidance relies on the collection and dissemi-
nation of accurate and up-to-date data and statistics. Because planning is
inherently geographical GIS has been identified as a suitable tool for man-
aging, analysing and presenting data and statistics in support of central gov-
ernment planning functions. A good example of the way in which GIS is
being used to help central government in this way is the definition of town
centre boundaries for statistical data collection and analysis. It illustrates
very clearly how GIS can be used to help collect data from disparate
sources, integrate and analyse those data and present aggregated statistics
for planning policy and guidance purposes. The second example of the way
in which central government is using GIS to manage data for planning pol-
icy formulation is the creation of the National Land Use Database (NLUD).
A key planning policy role for the NLUD is to provide regularly updated
data on the reuse of previously developed land and, in particular, a statisti-
cal measure of the amount of housing that is being built on ‘brownfield’
sites. These two examples are described next.
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Defining town centre boundaries for statistical data collection
and analysis

‘Systematic data collection on the UK’s town centres has not been under-
taken for almost 30 years, yet they have witnessed dramatic change and the
potential impacts of further change need to be assessed’ (Hall and
Thurstain-Goodwin, 2000). For example, the lack of town centre statistics
has meant that is has been impossible to quantify the effects of guidance
contained in Planning Policy Guidance Note 6 (PPG6) that precludes retail
development in off-centre locations. For such analysis to occur it is neces-
sary to develop a consistent set of town centre boundaries so that relevant
statistics may be collected and aggregated for comparison purposes
(Thurstain-Goodwin and Unwin, 2000). ODPM has for several years been
undertaking a programme of work to improve the availability and quality
of retail statistics. A Retail Statistics Working Group supported the
approach of making the fullest use of existing sources of data and limiting
new data collection to those areas not already covered. This was reiterated
in the Government Response to the Parliamentary Select Committee Report
on Shopping Centres and their Future in 1995, after the report had recom-
mended the development of ‘a nationally consistent system of retail data
collection to be published at regular intervals’, which ‘should reduce signif-
icantly the costs being incurred in Public Inquiries and impact studies’. GIS
was used to help meet this objective.

The key factors that characterise a town centre were identified as follows:

e Economy: land use and employment traditionally associated with town
centres.
Property: building densities.
Diversity of use: land use mix and intensity.

e Visitor attractions: land use and employment data.

However, there are no consistent definitions or boundaries for town centres
and shopping centres for which statistics from these key factors can be
produced. Therefore the Centre for Advanced Spatial Analysis (CASA) at
University College, London, and the Urban and Economic Development
Group (URBED) were commissioned by the ODPM to develop a GIS-based
approach to modelling areas of town centre activity, using fine-scale data,
to produce a continuous spatial index of ‘town-centredness’. The way in
which the key factors helped define an index of ‘town-centredness’ is illus-
trated in Figure 6.1. This index is then used to define a set of Central
Statistical Areas for all town centres in the UK within which consistent
statistics such as employment, retail sales turnover and floor-space can
be derived.

A computer-based model was developed incorporating as many of the
town centre characteristics as possible. The principal statistics required on
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Figure 6.1 The construction of an index of town centre activity.

Source: The Office of the Deputy Prime Minister, used with permission.

a town centre basis are employment, turnover and floor-space data. Despite
the evolving nature of postcode geography and some problems with this
method of geo-referencing property data, unit postcodes proved to be a
viable basis for defining areas of town centre activity and statistics for them.
The Inter Departmental Business Register (produced by the Office for
National Statistics) and property descriptions and values from the Valuation
Office were therefore referenced by postcode. The unit postcode can be
represented by a centroid reflecting the spatial average of the delivery points
as opposed to a defined area with a set boundary. A GIS was used to model
each of the key factors for a particular town’s urban area, based on a fine
(20 metre square) grid and each grid square was assigned a value. These
values were then used to generate a surface or series of contours that
represented the graduation of the factor throughout the study area, illus-
trated in Figure 6.2. The surfaces were then overlaid to produce an ‘index
of town-centredness’ for the study area, a 3D representation of which is
shown in Figure 6.3. Analysis of the peaks on this composite surface allows
the selection of key contours for delineation of town centre boundaries
(Thurstain-Goodwin and Unwin, 2000).

The methodology was tested on ten urban areas in England and Wales
that represented a broad range of town centres. In each case the computer
model was able to locate the town centre and produce a graduated surface
of ‘town centredness’ from the data. A key ‘contour’ was selected from the
composite surface, which represented the town centre boundary. Each
area’s local authority and an advisory group of experts reviewed and
endorsed the results. Once the key contour is established, the set of unit
postcode centroids that fall within the Central Statistical Area (area defined
by the key contour) are identified. It is from these that the aggregate town
centre statistics are generated. Figure 6.4 shows the contour that represents
the boundary of the Central Statistical Area for Bristol, taken from an
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Figure 6.2 Contours representing levels of town centre activity.

Source: The Office of the Deputy Prime Minister, used with permission.

Figure 6.3 3D visualisation of the index of town centre activity.

Source: The Office of the Deputy Prime Minister, used with permission.
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Figure 6.4 Area of town centre activity.

Source: The Office of the Deputy Prime Minister, used with permission.

earlier, 1997, study. It was found that no one surface was sufficient to define
an acceptable Central Statistical Area so it was necessary to layer and com-
bine all of the surfaces.

In summary ‘GIS provides a particularly powerful medium through
which to communicate the complex issues associated with the compilation
of statistics ... Town centres are spatial objects and the data used to define
them are spatial. Yet it is not until the various aspects of the model are pre-
sented through a GIS that people are able to engage with the concepts that
underpin the statistics’ (Hall and Thurstain-Goodwin, 2000).

National Land Use Database (NLUD)

Under the Environment Act 1995 local authorities are required to identify,
assess and ensure remediation (where the contamination is causing unac-
ceptable risk to human health or to the wider environment) of areas of
contaminated land within their boundary. The regime places specific duties
on local authorities to inspect their areas to identify land falling within this
definition and, where they do, to require its remediation in line with the
‘suitable for use’ approach. The regime also provides detailed rules for
assigning liabilities for contaminated land, based on the ‘polluter pays’
principle. The new regime complements local authorities’ long-standing
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duties to identify particular environmental problems, including those resulting
from land contamination, and to require their abatement.

Data sources that are useful in identifying contaminated land include
current and historical land use maps. These land use maps are also useful for
identifying ‘receptors’ of contamination such as schools, housing, etc. In
1985 the then DoE commissioned a feasibility study for a National Land
Use Stock Survey (Roger Tym and Partners, 1985). In 1991 the DoE
commissioned another study published by Dunn and Harrison (1992). The
main recommendation was a census of land use collected and maintained in
collaboration with the OS, using large-scale digital map data as a base. In
1994 the Department funded further research into ‘Preparatory Work for a
Land Use Stock System’ (Dunn and Harrison, 1994 and 1995). This consisted
of three linked research projects that examined:

¢ the methodology for development, undertaken by Dunn and Harrison;

e the technical aspects of data capture, storage and manipulation meth-
ods, undertaken by the OS;

e the business case for a Land Use Stock System, undertaken by Coopers
and Lybrand.

The ODPM has a major policy interest in recycling derelict land and facil-
itating greater use of ‘brownfield’ sites. Consequently, the ODPM, working
with English Partnerships, the local government Improvement and
Development Agency (IDeA) and the OS, has commenced work on a con-
sistent assessment of vacant and derelict sites and other previously devel-
oped land throughout England that may be available for housing or other
development. This register of previously developed land forms the first
phase of the NLUD that will eventually cover all land uses in England down
to site level and will be regularly updated. When this data set is available
and used in conjunction with other land and property data, which detail
contaminated land and the underlying geology, the value of NLUD will be
clear. The completed NLUD will potentially enable the accurate monitoring
of shifts in land use and help in the debates on land availability, urban expan-
sion and protection of the countryside. NLUD represents a major step for-
ward in establishing a comprehensive record of land use. The results provide
a basis for strategic planning at national and regional levels and a rigorous
and consistent basis for planning at the local level.

Phase 1 of the NLUD, which commenced in 1998, involved 344 local
authorities providing information on over 30,000 previously developed
sites. Provisional statistics based on Phase 1 were published by the former
Department of the Environment Transport and the Regions (DETR) in
1999 at national, regional and local authority levels. The statistics revealed
the amount of previously developed vacant and derelict land and other land
that might be available for redevelopment. In 2000 DETR published the
final statistics for the 1998 snapshot. In June 2000 the ‘Explore NLUD
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Phase 1 Sites’ facility was launched on the Internet at www.nlud.org.uk.
Sites can be searched via local authority name and the service to date
includes over 9,600 sites from 141 authorities. For example, the search on
Cotswold District Council found the thirty-one sites listed in Table 6.1.
Additional data are collected for each site and include:

Site reference

Land type and use

Dereliction

Owner details, tenure

Market availability, agent, price

Proposed use, planning status, constraints
Services available

Various land and property identifier codes
Grid reference

Housing capacity, density and suitability.

Figure 6.5 shows the location of some of these sites.

An update of the 1998 snapshot began in late 2000 and site polygons are
due to be captured wherever possible. Annual updates of NLUD Phase 1 are
planned in order to provide information for monitoring regeneration poli-
cies and the reuse of previously developed land for housing. Also, local

e

v

Figure 6.5 NLUD Phase 1 sites in the Cotswolds (Cotswold District Council).
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authorities are required to undertake Urban Capacity Studies as part of the
equation for calculating housing demand relative to land availability and
NLUD will help here.

Regional planning

Strategic planning at the regional level is becoming increasingly important
because of the significance the regions have in terms of European Union
policy and grant aid. Lothian Regional Council is using a GIS to filter
applications for school places and relate these to schools and school catch-
ments. The council is also using GIS to calculate home-to-school travel
routes and distances, analyse population, transport and other long-term
trends and generate other statistics and forecasts. In another authority, a
GIS is used by the housing department for the selection of target areas for
urban renewal investment by filtering small areas (enumeration districts) to
check for areas of multiple deprivation, certain census characteristics
(including tenure), house prices, benefit levels and crime (Ferrari, 1999).
These are very similar operations to the Scottish Homes GIS which is used
to analyse waiting lists for social housing. The Housing Department
calculates notional waiting times for given areas by assessing current letting
rates. These are based on 140 Housing Allocation Districts across the city.
These districts are not natural units for strategic analysis, management
information or political interest — information is usually requested for local
housing office areas or electoral wards. Prior to the introduction of GIS,
Housing Allocation Districts were wholly attributed to analysis areas
manually. Using the GIS, areal interpolation is undertaken and stock infor-
mation is used to weight intersecting regions. Also, areas irrelevant to the
population under scrutiny are excluded (such as industrial estates or parks)
so the polygons are tailored to best describe features under scrutiny
(Ferrari, 1999). GIS is also used to perform geographical calculations on
lettings information, for example 80 per cent tenants moving to extra-
care sheltered housing schemes originate from within a 2-kilometre
radius. Here, as with other strategic planning applications, GIS is primarily
used as a research tool rather than an operational management system
(Ferrari, 1999).

Planning procedure

At the local level town and country planning usually involves two processes;
the preparation of plans for the implementation of planning policy and
development control to ensure that planning policy has been implemented
according to the plan. But in a wider sense local authority planning includes
a wide range of responsibilities, listed in Table 6.2. Another illustration of the
range of functions that GIS is used to support in local government can be
obtained by looking at the software developed by Innogistic GIS, a supplier
of GIS solutions to local authorities, listed in Table 6.3.
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Table 6.2 Local authority planning responsibilities

Service provision

Housing

Waste management

Education

Social services

Environmental protection (against pollution and contamination of air, land,
water)

Risk/disaster management and emergency planning

Infrastructure

Transport planning

Development control (planning applications and building
regulations)

Conservation

Economic development
Labour skills

Inward investment
Urban regeneration

Much of local government planning involves the collection, processing,
analysis, presentation and use of land and property information and there-
fore local government planning departments have benefited particularly
from GIS implementation. But other users have benefited too, including
those functions that control and record how we use our environments:
planners, certainly, who are concerned with land use and its governance;
but also environmental health officers, housing officials, land charges clerks
and highways engineers. All of these functions require that records of the
use of land or buildings are collected, referenced, maintained, analysed and
controlled and all can benefit from a system that allows this in an easy and
organised fashion. GIS, with its versatility of applications and use, can pro-
vide such a system, and is increasingly doing so. How, then, has GIS been
introduced to town planning, what has it been used for, and what have been
the problems and pitfalls in its implementation? This section outlines, in a
town-planning context, the nature of GIS technology, the policy framework
and applications in practice.

The important uses of geographic information in planning and local
government, as identified by the Department of the Environment (DoE)
(1987), include:

¢ monitoring (of land, buildings, economic, social, demographic and
environmental matters);

e forecasting changes (housing, schooling, travel, economic, community
services);

e service planning (scale of location of need and provision);

e resource management (building maintenance, refuse, libraries, social
services);
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Table 6.3 Local government applications of GIS

Building control

The Building Control Management System includes applications processing
(including full plan checking and consultation processing and building notices),
dangerous structures, demolitions (including spatial generation of notices),
unauthorised works (management and processing of unsatisfactory building
works), initial notices and cavity fills.

Street Gazetteer and Land and Property Gazetteer (BS7666)

Street data can be imported from OSCAR and other street network data sets.
Address data can be imported from ADDRESS-POINT or BS7666 CSV from
Intelligent Addressing and mapping allows BLPUs and LPIs to be created,
displayed and managed. Text and map-based search facilities are available.

Development control

The Development Control Management System includes development control
(calculation and tracking of statutory deadlines and committee dates, spatial-based
neighbour notification and constraint checking), appeals (processing from receipt
to decision, questionnaire generation), enforcement and complaint handling,
agenda creation for planning application records.

Grounds maintenance

The Grounds Maintenance Management System includes task scheduling,
financial management, bill of quantities, contract control and penalty
monitoring and valuation orders for the maintenance of trees, grassed areas,
gardens, hedges, sports facilities, cemeteries, rights of way, council-owned
open spaces, etc.

Land charges

The Land Charges Management System includes searches (processing of personal,
LLC1 and CON29 searches and configuration of LLC1 and CON29 reports),
departmental answers to CON29 Parts I, II and III, and register (GIS polygon
selection of properties when adding charges to multiple addresses, spatial and
textual land charges search). Full integration with BS7666 LPG ensures a
corporate approach to property information management.

e transport network management (highway provision and maintenance,
public transport, school transport, cleaning);

e public protection and security services (police operations, fire/incident
logs);

e property development and investment (preparation of development
plans, assessing land potential, property registers, industrial and rural
resource management);

e education (data for teaching purposes);

Add to this the ability to produce high-quality hard copy reports and maps,
and the ease of information retrieval, it is not surprising that GIS is consid-
ered a useful tool by local planning authorities. Ideally, most planning
authorities would like to use GIS to perform, or at least ease the
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performance of, most of their functions. These may be divided into the
holding of data; the output of data; the processing of data; and the analy-
sis of data. Each of these functions is considered in turn together with the
possible ways in which a GIS could assist with their discharge.

Holding Local planning authorities hold vast amounts of data.
The planning system as we currently understand it has operated since 1947,
and over that time, vast numbers of planning applications have been sub-
mitted and decided; structure plans and local plans have been produced;
and reports have been written. A great many of these are, of course, out of
date, but it is a bold planning authority that throws away any of its data!
Legal cases relating to decisions made in the dim and distant past are rare,
but they do occur. The history of the use of land is very germane to the
carrying out of the planning function. For example, although past planning
decisions on a plot of land should not determine the decision of a current
planning application on that same plot of land, they, and the reasons
for them, would be of interest to the officer making the current
recommendation.

So there is a well-recognised need in town planning, as in many other
local authority functions, to maintain records; usually over long periods of
time. However, there is obviously a price to pay. Keeping records requires
space. It also requires some standards of custodianship as records tend to
deteriorate over time. Planning authorities have tended to solve the first
problem by using technologies such as microfiche, which involves taking
photographs of documents and storing these photographs on tiny strips of
film which may be viewed in black and white and (usually) as negatives on
a special viewer. This certainly saves space, but it is not ideal. The most
immediate problem is that it is rather awkward; the strips of film, or fiche,
are difficult to handle, easy to lose and can only be viewed with special
equipment. However, there is a more serious problem which microfiches
present to the planning function; it is that the ‘fiched” images are difficult to
interpret. Scale diagrams, for example, are obviously no longer at an easily
identifiable scale when photographed and reduced; and scale diagrams are
vitally important to town planning, for example, to ascertain whether a
development that has been constructed is in line with what was approved.
Fiche images are in black and white, which can present some difficulties
where, as any planner will tell you, a planning application map must indi-
cate the site of the proposed development outlined in red and any other land
owned by the applicant in blue!

A further problem, of deterioration of data sources over time, can also be
solved by techniques such as microfiche, which do not deteriorate like
paper maps or letters. Another common solution in planning departments
is to hold maps on acetates, which are then hung vertically in steel cabinets;
this alleviates the necessity to extract, unfold, refold and file a paper map.
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But even polyester film can deteriorate; particularly if they are used as
‘plotting sheets’ to show all the planning applications in a district over a
long period of time.

It is not surprising, perhaps, that planning authorities have been eager to
utilise the information holding capabilities of GIS. A GIS can hold enor-
mous amounts of data digitally in tiny spaces; furthermore, these data
should be available at the touch of a button, and of course, it does not dete-
riorate. It can also provide rather better representations of maps and draw-
ings than microfiche, and the incorporation of scale and colour do not
present problems. Clearly, there are implications as to whether a GIS should
hold planning data ‘from this point forward’, or an authority should input
its historic data into the system, and a decision based on resources and the
utility of increasingly historic data would need to be made. But even if the
former course of action is taken, an authority can be confident that its
stores of manual data are not going to be (as significantly) added to.

Output GIS have undoubtedly improved the quality of map-based data in
planning departments. Both updating and access can be greatly simplified
by GIS. Appropriately detailed, up-to-date maps can be produced quickly
where conventional paper map sheets would have been considered dispen-
sable or too cumbersome to provide in the past, and by far the most com-
mon application of GIS in planning is the production of good quality hard
copy maps. It may seem rather strange that a computerised mapping system
is used to produce paper maps but it must be remembered that a lot of plan-
ning business is still paper based. Hard copy maps can be used in a number
of contexts: from the very simple purpose of finding one’s way to a devel-
opment site to the plotting of a layout on an up-to-date OS map. Policy
work demands the production of thematic maps and reference maps show-
ing, for example, the extent of conservation areas, agricultural land quality
or population density. These outputs can find their way into reports, policy
documents and statutory documents such as the local plan.

It may also seem a little odd to use the power of a GIS for such an appar-
ently rudimentary application, but consider for a moment the process by
which one of these examples of hard copy would be provided under the
manual systems that the GIS has replaced. A paper map would need to be
obtained and possibly photocopied if the original was not to be used for
annotation. A technician would need to transcribe site details onto the map
using pens, letter and shading transfers and, possibly, colour wash. The fin-
ished product would need to be sealed to prevent the fading of inks or
prints and large format photocopiers would need to be used to provide mul-
tiple copies. Compare this with the accessing of a map file on screen, the
on-screen digitising of a polygon and the printing of multiple copies on an
inkjet or laser printer, and it is clearly apparent that the GIS has introduced
a much easier, more efficient and less error-prone process.
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Processing Many planning authorities will, however, be looking to GIS to
do more than produce good quality maps. Much of the day-to-day job of
town planning involves the processing of information: applications are
received, registered and acknowledged, consultations carried out, responses
received and processed, advertisements placed, decisions issued. A lot of
this work is routine and is able to be carried out quite easily by a computer
system. Planning application processing includes assisting development
control staff in identifying all of the factors affecting a particular building
or site. On receipt of a planning application, site reports are generated from
one council’s system, giving details of local plan policies, constraints, haz-
ards and previous planning applications. This is passed to the case officer
to assist the decision-making process. Planning application processing sys-
tems can hold relevant details and issue standard documents (such as
acknowledgement letters). Planning authorities have implemented such
systems for many years, but the advent of GIS gives new potential to the
organisation of such information geographically and the interface of plan-
ning application processing with map-based interrogation and retrieval.

Geographical Information System can, and indeed probably should, be
central to the handling of large and complex data sets, which may grow by
many thousands of planning applications in a normal year. Potentially, a
GIS can provide a seamless link between the plotting of a development site
on a map to the retrieval, processing and output of all the information and
correct formats for the carrying out of the planning function. However, to
do this, it needs data; comprehensive and reliable data that may extend
beyond the pure planning function. The complexity and variety of data sets
typically used is illustrated by the itemisation of data volumes used for
Birmingham City Council’s operations in Table 6.4.

Clearly, management of these large and growing data sets is essential.
It may be that some of them are contained in other sources which can be

Table 6.4 Volume of data held and used by Birmingham City Council

Volume Element

1,500 1:1,250 OS map sheets
2,000 Census enumeration districts
1,25,000 Council tenants

2,000 Property transactions p.a.

500 Schools and colleges

2,15,000 Pupils and students

75,000 Social services referrals p.a.
5,000 Planning applications per year
11,000 Building regulations applications p.a.
2,100 Kilometres of adopted roads
150m Capital schemes p.a.

2,000+ Sites available at any one time

4,65,000+ Rateable hereditaments
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integrated or interfaced with a GIS; it may also be that some of them are
held manually and need to be captured, or alternatively run in parallel as a
manual supporting system. In many circumstances, it is necessary to capture
the data needed for a GIS implementation from manual sources or other
computer databases. GIS implementation should therefore be accompanied
by strategies for information gathering and management. Other readily
available data sets are generated at national level by central govern-
ment and its agencies. They are often important locally as base data or
comparative data.

Ultimately, a GIS should be a support for good decision-making and, if
emphasis is placed on the decision support role of GIS, there are implica-
tions for the approach to information management not just within a planning
department, but also throughout the local authority. The ideal corporate
information strategy would make sure an authority’s data are:

held once only;

frequently updated;

captured efficiently and at the best source;

immediately available to any user in an appropriate format.

Under such a corporate information strategy, transaction processing systems,
such as planning applications, would automatically contribute data towards
the information system. The corporate use of a single map reference, based
on OS digital maps, helps to reduce errors, redundancy and duplication. The
adoption of a common set of digital maps linked by a unique land and prop-
erty referencing strategy will help reduce the number of disparate maps and
overlays in town planning, highways and technical services departments. It
should also be noted that other departments, such as Education and Social
Services, may be less dependent on the use of maps but are also important
users and providers of geographically referenced information such as demo-
graphic data. GIS has the greatest potential under a corporate information
strategy where such disparate data sets are linked together.

Analysis  We have referred to GIS as a holder, producer and processor of
information. It is also a research tool, in that a great deal of geographical
analysis can be carried out once data are geo-referenced. A GIS can allow
the statistical analysis of maps to provide new policy information. For
example, a map showing contour data can be overlaid with one showing
rainfall data to produce a new map showing areas liable to flooding and
thus unsuitable for housing development; an important input to the land
allocations made in the local plan. The resultant map could be overlaid on
another map showing existing land use to project the possible effects of
flooding on the built environment. In this example, a new set of informa-
tion has evolved from a number of disparate sets through a process that
would have taken many hours using manual methods.
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As in all GIS applications, the success of such a piece of analysis depends
on the system having the correct data to begin with. However, there is evi-
dence to suggest (Allinson and Weston, 1999) that these sorts of policy
applications are rather more common in planning departments than the
management of large sets of planning application data referred to above.
The reason for this is almost certainly because it is reasonably straightfor-
ward to assemble the necessary data sets. Planners can carry out all sorts of
analysis and relatively sophisticated modelling, using land use information,
site area and environmental data. They can produce sieve maps overlaying
such information as constraints (slope, drainage, land quality) to identify
land with development potential; the least-cost or least-distance route
between two points (either for travel planning or installing infrastructure);
and site development histories, with attendant house type and price details.

The implementation of GIS in local government planning departments

In 2000, the Royal Town Planning Institute (RTPI) undertook a GIS survey
to establish the level of GIS implementation in British planning authorities
and the range of applications GIS is used to support. The report of the sur-
vey was published in 2001 (RTPI, 2000). Essentially, this was an update of a
similar survey carried out five years previously (Allinson and Weston, 1999),
and it allowed comparison of GIS implementation and practice over time.
The 2000 survey reported that the key data sets that have been captured are:

Electoral boundaries

Listed buildings

Planning policies

Scheduled ancient monuments
Tree preservation orders.

Some 56 per cent of authorities have either completed, or are engaged in,
the capture of Land and Property directories, although more than half is not
compliant with the data standard BS7666 described in Chapter 4. This is
perhaps surprising, as the standard has been in place for more than five
years, showing the time lag between introduction and widespread adoption
of the standard. Notably 19 per cent of authorities have no plans to create
a local land and property gazetteer, as defined in Chapter 4.

The 1995 survey showed that the principal use being made of GIS was
the production of good quality maps (reported by 34 per cent of respon-
dents) with social analysis (23 per cent), planning constraints and thematic
mapping (22 per cent) slightly behind. Map production is also the most sig-
nificant application in the 2000 survey, but the proportion had risen sig-
nificantly. Either linked to other applications or stand-alone, 83 per cent of
authorities have this facility. Only 3 per cent of authorities have no plans to
introduce this application. The next most frequently cited applications are
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planning application systems, where 68 per cent have a system and another
26 per cent are in development or planned. Only 4 per cent of authorities
have no plans to introduce an application processing system. This is in
marked contrast to the situation in 1995, when only 7 per cent of authori-
ties named this as a current application and 9 per cent had plans to intro-
duce it. Development plan policies and proposals maps are similarly well
developed, with 40 per cent of authorities having a fully operational system
and a further 54 per cent having an application in development or planned.
The corresponding figures for 1995 were 7 and 10 per cent, respectively.
These findings would suggest that, although there is still some way to go,
GIS is increasing and broadening its application base amongst local authority
planning functions.

In 1995, GIS use in local planning authorities was rather patchy, but by
2000 GIS had become fully embedded as an IT application. The nature of
GIS is evolving with the growth of networked computing and an increase
in the number of seats. However, the evolution is far from complete with
75 per cent of authorities having plans for further development. This is hardly
surprising given the rather open-ended nature of the systems. Although data
capture for most planning related entities has been undertaken by many
authorities, there is still a significant number where substantial data capture
needs to be undertaken. In terms of applications map production is the most
universal, followed by planning applications. Development Plan and Local
Land and Property Gazetteers are still relatively moderate in numbers but all
have increased significantly over the past five years.

Local government GIS in practice

In 1998, the RTPI carried out a series of case studies, which highlighted
some of the aspects of GIS implementation and GIS in practice. The studies
considered what lessons can be learned from the experience of a number of
planning authorities which were among the first to acquire, implement and
develop GIS. It focused on GIS implementation in the planning departments
of four different local authorities: Brent, Swansea, Wakefield and Gordon.
Worthy of particular interest were the following enquiries:

(a) the catalyst for the initial decision to adopt GIS and in what areas of
the different authorities the systems were first applied;

(b) the data that are used by the various GIS and how the authorities input
or accessed these data;

(c) the applications that were developed in the authorities, in the planning
departments and elsewhere, and the benefits that were realised;

(d) the authorities’ plans for future development of the systems;

(e) the problems that were encountered during the implementation, how
the authorities coped with these, and what recommendations they
would make to others treading the same path.
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SOFTWARE

In the main, the councils seemed to favour ‘mainstream’ packages. The days
of proprietary systems developed specifically for a council by consultants or
its in-house staff seem to be over as councils seek standardisation, support
and the prospect of future (compatible) upgrades from industry-standard
providers. This could be seen to confirm one of the findings of the RTPI’s
GIS surveys reported earlier, of a slow but steady process of standardisation.
Fortunately, these standard packages also appeared to offer the ability to
link with a range of other databases that were in existence at the authorities.

DATA

The experience of data preparation, processing and incorporation seemed to
vary between those councils that claimed to be ‘ahead of the game’, having
taken early decisions to develop property databases or digital map coverage
which were then ‘grafted onto’ a GIS: and those that were grappling with
large-scale data capture exercises to achieve full-functional GIS implementa-
tions. A modular approach seemed to be the most successful, where the
authority established a suite of databases covering its major information
sources (e.g. listed buildings, tree preservation orders) and ‘bolted’ these on to
the GIS in sequence as data was captured. This could be very rapid, with one
council reporting that new simple systems could be added to its GIS within
two person-weeks from initial analysis to pilot for testing. Both in-house and
external data capture approaches were used, and challenges included the need
for a strong contractual relationship with data capture companies to ensure
data was captured to proper standards, and the poor quality of some source
documentation; for example, deteriorating paper maps.

APPLICATIONS

Applications fit neatly into the above typology of holding, output, process-
ing and analysis. On the holding front, the addition of zonal information to
land and properties can be quite straightforward once databases are estab-
lished: it is simply a matter of digitising a polygon; the relevant information
will then be added to the records of all sites and properties within the poly-
gon. One council used its GIS as essentially a set of ‘digital plotting sheets’,
which have completely replaced paper sheets. On the output front, GIS
allows the provision of: good quality up-to-date maps and site plans; pro-
vision of planning histories on-screen for interrogation by officers or by
members of the public at the reception desk; and the display of local land
charges through their attachment to address polygons, which has had the
effect of dramatically reducing search turnaround times.

In addition to the RTPI case studies, further examples of how GIS is
being used within local authorities can be found. These ‘success stories’ of
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GIS implementation in local government tend to originate from those
authorities that have had significant experience of GIS and now host some
mature GIS applications. It is certainly not the case that every GIS imple-
mentation has been a success in the local government sector — political,
budgetary, staff and bureaucratic constraints can and often do serve to frus-
trate and sometimes prevent successful GIS implementation. Therefore,
after considering some examples of successful GIS implementations in local
government in the remainder of this section, the following section offers
some lessons that have been learnt.

Powys County Council’s GIS provides a range of services from strategic
planning and regeneration to the management of street furniture and holes
in the roads (www.ordnancesurvey.gov.uk). The GIS contains information
from a variety of sources, such as the Post Office, the Environment Agency
in Wales and utility companies, as well as the council’s own data sets.
Underpinning these layers of information is OS mapping. Each of the coun-
cil’s departments can attach their own information to the mapping. In the
planning department the GIS is used to record the outlines of planning
applications and to find out whether there are any restrictions on the devel-
opment of a particular site such as rights of way, sites of special scientific
interest or listed buildings. It can also be used to assess the impact of
proposed tall buildings, wind generators or incinerators on visibility and
amenity. In addition, statistics such as unemployment and population
figures can be mapped and analysed for use in local development plans.
Other GIS applications within the council include keeping records of the
condition of council property. It is also being used in emergency planning
by mapping resources, hazardous installations such as chemical and explo-
sive stores and main pipelines, and even to help monitor areas affected
by earth tremors.

West Oxfordshire District Council justified GIS implementation on the
basis of digital mapping alone and GIS applications were initially developed
in areas where the contribution was immediate, such as the land terrier and
housing databases. The council has compiled a central property register
that integrates with GIS and various planning systems giving, for example,
access to seven years of planning applications through GIS maps. It is
possible to undertake searches of constraints as well as conditions relating
to previous applications in the vicinity. This reduces the processing time for
applications and raises the consistency in decisions (Peel, 1995). The hold-
ing of geographically referenced data has facilitated all sorts of analysis,
such as the distances travelled by pupils to their local schools, and the
numbers of households remote from access to basic facilities. The areas of
residential land availability and thematic mapping from the Census have
been explored and have been useful aids to such processes as review of local
plans and bids for European assistance.

At Horsham District Council a corporate GIS strategy has been imple-
mented but initial application development concentrated on planning
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application processing. Planning constraint data totalling some 28,000
polygons in sixty layers were digitised, representing sewer lines, gas lines,
tree preservation orders, planning zones, footpaths and 140,000 planning
history records. These data overlaid 700 OS large-scale maps and the
process took three years (Wagner, 2000). The time taken to process approx-
imately 2,600 planning applications each year has been reduced from three
days to fifteen minutes for each application. The procedure is as follows: a
planning officer digitises the subject property, the system then allocates a
reference number and runs a constraint search and identifies consultations
that will be required. It then produces a plot on an OS map indicating the
constraints. Nearby owners are also plotted and notification letters auto-
matically generated. After the implementation of the planning application
service, the council developed a corporate property database and now other
GIS applications that have been developed include an automated land
terrier, grounds maintenance and land charges.

At the London Borough of Richmond, a GIS contains large-scale map
data, planning histories and related information. It is possible to determine
whether a site is within a conservation area, what listed buildings it may
contain and which ward it is in. Details of every planning policy area affect-
ing the site can be attached. Specific addresses can be sourced for public
consultation and there is a link to aerial photographs, scanned documents
and details of tree preservation orders and street lighting.

The Kingston London Borough Council has created a web site that
provides public access to planning history dating back to 1947 and build-
ing control history dating back to the 1880s for each land parcel in the
borough. The information can be searched and displayed using OS large-
scale mapping as a backdrop over which the extent of selected land parcels
are displayed. Information about nearest council facilities such as schools,
leisure centres and recycling centres is also available together with maps
showing the location of parking restrictions, listed buildings and aerial
photographs.

Bristol City Council has introduced a corporate land policy to ensure a
consistent approach to land management. The fundamental review of prop-
erty management began with the identification of property interests. GIS-
based computerisation of the local land charges service was the first step,
the second was the computerisation of legal interests in property (Musgrave
and Flack, 2000). There were several problems to overcome: separate land
terriers for Bristol City and Avon County Council, tens of thousands of
deed packets (in one case 450 for one site), four miles of shelving in the
archives of documents relating to land acquisition and disposal.
Consequently the council commissioned the Land Registry to register council-
owned property so that clear title could be established and obsolete encum-
brances removed. The registration process began with priority areas such as
the main shopping area of Broadmead which has an historical legacy of
acquisition, disposal and re-acquisition over many decades. Registration of
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this area was regarded as a prerequisite for regeneration and redevelopment.
Five hundred and twenty deed packets comprising five to six thousand doc-
uments will be reduced to one land certificate (Musgrave and Flack, 2000).
Other benefits of registration included the control and limitation of
encroachment, adverse possession and ransom strips, increased speed of
conveyancing (which assists grant aid and regeneration and brings forward
capital receipts), identification of surplus assets and the widening of access
to records. The GIS-based local land charges system at Bristol City Council
has halved the processing time of the annual 13,000 searches to less than
five days without increasing costs. Thirty data sets have been captured
including the land charges index, planning applications, listed buildings,
conservation areas and highway schemes. The land charges system main-
tains an up-to-date register, automates searches (including the creation of
registration schedules and search certificates), satisfies CON29 queries and
includes plots that show the search extent. Access to the BS7666 compliant
LLPG and other data sets is possible via the intranet to other departments.
For example, the leisure services department has installed a grounds
maintenance system.

A GIS was installed at Swansea City Council in 1992 and is used for
development control and forward planning (Weston, 1995). In the develop-
ment control department GIS is used to produce reports on the specific
development sites in the early stages of the planning application. The devel-
opment control officer receives the report covering local plan policies, con-
straints and current applications from a GIS search of the area around the
site. The Estates Department has transferred the land terrier onto the GIS to
include an asset register for all council-owned property in Swansea. The
Leisure Services Department has also mapped grounds maintenance data.
The Engineers Department holds sewerage network data digitally and is
extending its use of GIS to plot the locations of lampposts, bollards and
other street furniture. Census data at the Enumeration District level has been
transferred to the GIS and a digitised version of the local plan was also
added. Including policy proposals at an early stage speeds up the review of
the local plan. For example, proposed housing allocations were added in the
review of the local plan. This involved taking existing housing allocations,
identifying those which had been developed and adding new allocations by
automatically selecting current applications for housing on another GIS
layer. These selections were combined to produce a final housing-allocation
plan for the review.

At Rugby Borough Council GIS is used to support highways and traffic
land charge searches. Proposed highway improvements are mapped so that a
layer holds the proposed improvements and these can be viewed to enable
answering of highway related questions on land charge searches, for example,
if a property falls within an improvement scheme. The benefits resulting
from the application of GIS to highways improvement are speed and accu-
racy and information is available to other sections without the need to
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arrange an office visit. It is estimated that the use of GIS to assist this one
function leads to a saving of more that £2,000 annually in the highways
department alone.

The East Lindsey District Council covers more than 1,800 square kilo-
metres in Lincolnshire. Geographically, it is England’s third largest council.
The local authority has a GIS containing records on around 65,000 prop-
erties in 196 parishes. It is based on OS large-scale mapping on which a
database of planning histories and details on building control and ownership
are recorded. Online access is available to around 100 users throughout the
council departments, from planning and estate management to grounds
maintenance.

GIS use at Norfolk County Council started in the Department of
Planning and Transportation as a graphics facility, mapping and highways
data. A data audit in the council unearthed a substantial number of data
sets and several versions of some of them — there were twenty versions of
the parish register! Standardisation of spatial references and data sharing
across departments were thus seen as primary objectives. As an example,
the streetlights database had double the number of lights because existing
ones and their replacements had been included. It was only when they were
mapped that this was realised and thus reduced the energy bill which is cal-
culated on the number of lights!

Lessons learnt

All councils point to the provision of better quality, more up-to-date, more
consistent and more accessible information as the main benefits of their GIS
but no GIS implementation is without its problems and, in general, they can
be categorised as follows:

¢  Organisational problems; or the management of change in the way offi-
cers and members use, access, hold, and deal with data, which has threat-
ened some entrenched positions. One council recommends the formation
of a user group, which should meet regularly, to assist this process.

e Hardware problems; such as the lack of sufficient memory on GIS net-
work servers (GIS data files are often extremely large), and the lack of
large plotters to obtain hard copies of maps and map-based analyses.

e Software problems, such as the limited number of user licences for
the GIS.

e Perhaps most importantly, data problems. One council described its
GIS implementation as ‘traumatic’, primarily due to the large data cap-
ture exercise that was undertaken over a relatively short time period.
Inaccuracies in manual sources were computerised and then needed to
be corrected; another council warned that the amount of time allocated
to data capture was far in excess of expectations, and that this should
never be underestimated.
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e There is also an implication for continuing maintenance of the data,
which can mean diverting staff from other tasks, and bring along a
requirement for staff development and training.

It was recommended by more than one council that expectations of
benefits from a GIS are contained; systems have high start-up costs, and
these are only paid back gradually, and sometimes in a non-quantifiable
way. Convincing users of the value of GIS may involve a ‘culture change’,
which is seldom a ‘road to Damascus’ conversion but is instead based on
sound procedures and programmes which gain widespread agreement.
These issues will be discussed in more detail in Part III of this book.

Grimshaw (2000) argues that, in urban planning, important decisions
have to be made on what are the best locations for facilities given variations
in local demand. It is the support to such decision-making that GIS can be
of value. Several local authorities are using GIS to help identify target groups
for their services and this represents a move from the application of GIS to
administrative tasks to more strategic use of GIS. Grimshaw (2000) also
points to evidence that as experience with GIS grows then so does the level
of corporate interdependence. Often the departmental implementation of
GIS hinders corporate implementation because it is fragmented, is often
technology-led and is purchased for the job in hand rather than a wider
corporate information strategy.

This overview of the use of GIS in local government planning has shown
the potential of such technology to improve many aspects of geographical
data handling. If there is a general conclusion from this review of local plan-
ning authorities’ experience of GIS implementation, it is, first, that it pays to
be realistic in terms of what is involved in successful implementation and
what a GIS can reasonably achieve, when and at what cost. Even for a small
sub-area of a council’s activities, implementation of a GIS involves a vast
exercise of data capture, checking, correction and updating. This is not only
an ‘up-front’ commitment, it is also an ongoing investment by the authority.
The second point is that the key to successful implementation of a GIS
appears to be agreement to methods and applications by both senior and user
staff. This must be painstakingly achieved through the use of information
strategies, work programmes and good project management. There is a fur-
ther need to attend to human relationships and organisational culture, and to
have data and systems well linked to business priorities. In short, a GIS is just
a tool to do a job and councils must take care to define the job properly.

Property development

Some of the earliest examples of GIS applications were developed to assist
the identification of underground oil reserves. Preliminary desktop studies
typically involved a ‘sieve’ analysis of paper maps of geology, land use and
ownership, transport infrastructure, protected areas and populated centres.
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Areas of potential interest were traced onto each map and these were over-
laid to see where they overlapped. The method is time-consuming and only
a handful of sites could be considered at any one time. Using a GIS, geo-
logical data were stored on a computer in a co-ordinate system. Other geo-
graphical data that were associated with the existence of oil would be
referenced to the same co-ordinate system. By ‘overlaying’ these data it was
possible to identify potential areas where oil would have a measured prob-
ability of being found. This type of sieve analysis is familiar to those involved
with the early stages of the development process. This section describes
examples of GIS applications that focus on pre-construction investigations
that often need to be made, rather than the construction process itself. The
following application areas are considered:

Site appraisal

Flood risk assessment
Contaminated land assessment
Geology analysis.

Site appraisal

Highly detailed, accurate mapping plays a crucial role in the planning
process by helping to identify suitable sites for development. Planners,
architects and environmental scientists from the planning consultancy,
Terence O’Rourke, use OS mapping to show the layout of the local coun-
tryside and towns using colour to mark different features of the landscape,
such as woodland and areas of water (www.ordnancesurvey.gov.uk). A GIS
processes and simplifies the large-scale mapping and integrates it with other
OS data such as the national road network and height contours. One way
that this detailed mapping assists the consultants is to help them find a spe-
cific location, but it also has a wide range of more specialised uses. It is used
in the first stage of project work before moving on to more detailed types
of OS mapping. The detail means that specific features, such as the outlines
of individual buildings or the layout of agricultural fields, can be easily
spotted. This indicates to planners what the land surrounding a potential
development site is being used for. Consultants carrying out site visits also
make notes and observations on to their printouts. Features, such as vege-
tation, height information, water features, landforms and existing build-
ings, are also shown using colour. Charles Planning Associates use similar
mapping to identify potential development sites in the southeast of
England. The design of the maps allows the town planners to compare and
contrast different types of land to identify potential areas for residential
development.

There are many stages to registering land title for new development and
they involve numerous organisations and manual procedures which are slow
and costly. Wakefield Council undertook an eighteen-month trial of a
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Pre-Build Information Service (Ford, 1995). The service allows a developer
to deposit original and updated plans with the pre-build service in paper or
digital form. The service then digitises or edits the plans to a standard spec-
ification and format and these digital data are incorporated into revisions
of large-scale 1:1,250 or 1:2,500 OS maps. The title boundary from the
Land Registry is digitally overlaid and anomalies between the site bound-
ary, OS map detail and the legal title boundary are highlighted and
resolved, by site inspection if necessary. The service then distributes copies
of the boundary and layout details to appropriate organisations in digital
or paper form. Currently the OS use the development plans from several
large housing developers and infrastructure projects as change intelligence
for the purposes of revision of large-scale mapping. The OS has an agree-
ment with the large housing developers for digital provision of their devel-
opment plans and these are held as a suppressed layer in the National
Topographic Database (described in Chapter 4) until the data has been
verified.

English Partnerships have produced a plan of the mixed use development
envisaged for the Greenwich peninsula and GIS is used to integrate the vast
quantity of geographical data including:

Ground investigation records

New and existing services

Hard and soft landscape materials

Infrastructure

Land ownership

Surface levels for 3D modelling

Remaining underground structures

Ecology features and development features such as the Dome.

Also, the Canary Wharf Group has purchased satellite imagery to record
construction and development of the area until completion.

But GIS can also be used for more sophisticated development appraisal.
It is possible to generate ‘what if’ scenarios in a geographical context for
predictive analysis. For example, GIS can be used for a site suitability study —
to identify locations suitable for a proposed development by analysing the
interactions and spatial coincidence of development objectives as well as
environmental, demographic, economic, and political factors. In this
way, GIS development applications typically involve sieve analysis and map
overlay. Tomlin and Johnston (1990) undertook a land use allocation
project (sieve analysis) using GIS for the siting of a research and develop-
ment facility in the US. The process outlined in Table 6.5 is typical of
development sieve analysis. For example, also in the US, GIS has been
used to determine the optimum location for rural suburban residential
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Table 6.5 Development sieve analysis
(Tomlin and Johnston, 1990)

Process

Define problem

Inventory of site

Establish land use siting criteria
Refine criteria

Develop database

Create suitability maps
Allocate land uses

Analyse land use/land use relationships
Adjust suitability weightings
Create schematic designs
Refine designs

communities (Barnett and Okoruwa, 1993). Sieve analysis was used to sift
following constraints:

e Area with low to moderate traffic (extract 2-lane highways and
buffered 1,200 metres and buffer entire road network to 250 metres)
No zoning restrictions (extract suitable land use zones)

Gently sloping terrain (extract suitable soil conditions)

Near small stream (buffer 1,000 metres small streams)

No railroad noise (buffer 1,000 metres)

Access to major employment, retail, leisure and schools (distance analysis).

Geographical Information System can also be used at other stages of the
development process. For example, developers of commercial property can
analyse lease information, expiry dates and rental values of properties that
they own within a particular geographical area and then project potential
client needs for expansion. A GIS could display the location of properties
with upcoming rental reviews. Shopping centre developers are using GIS to
identify trends, compare locations, project sales and estimate population
growth to help make decisions on size and design of a retail development
and the optimum mix of the stores. These sorts of applications will be
discussed in more detail in Chapter 7.

Flood risk assessment

Using a GIS it is now possible to predict, at postcode level, which areas
around rivers and estuaries will be affected when they flood. This informa-
tion is invaluable for insurance companies, construction and transport
industries. Willis Risk Management Consultants have produced a flood risk
assessment system. Risk assessment may be property by property for rating
purposes or the total risk for a portfolio of properties. A GIS uses a high res-
olution Digital Elevation Model (DEM) with orthorectified images able to
distinguish land use at a 2.5-metre resolution. Historical flood data for the
River Thames were combined with engineering information on structures
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such as weirs and bridges. The GIS was used to project the DEM onto the
National Grid and delineate the area between the river level and the 10-
metre contour. Flood heights for fifty-five key points along the river were
added for periods ranging from 50-1,000 years. An approximate flood sur-
face was then generated between the points. The flood risk assessment sys-
tem is now in use and covers tidal and non-tidal return events of up to 1,000
years. It is possible to examine building development proposals and rate
individual properties using their postcodes as a locator. The system can also
help developers and planners consider the risks of building on flood plains.

Contaminated land

Landmark Information Group (www.landmark-information.co.uk) is a
supplier of land use information, digital mapping, property and environ-
mental risk information and has created what is claimed to be the largest
GIS in Europe, with information from a wide range of sources, including the
Environment Agency, OS, the Scottish Environment Protection Agency,
British Geological Survey, English Nature and the Centre for Ecology &
Hydrology. This information is used in conjunction with over 600,000
historical OS maps, dating back to 1850 (the year), which show some
400,000 industrial developments that may have left contaminative residues,
such as old gas works, tanneries or foundries, and a further 275,000 areas
of unknown fill. Examples of infilled land include old quarries, gravel
works, canals, ponds and old streams. Data on landfills, pollution incidents,
water abstraction points, sites of special scientific interest, etc. are geo-
graphically referenced so that contamination reports locate environmental
features on both current and historical OS maps. The entire collection of his-
torical OS paper maps at both 1:10,560/1:10,000 scale and County Series
1:2,500 scales as well as 1:1,250 and 1:500 town plans have been scanned
and geo-referenced so that there are five complete maps of Britain, each rep-
resenting a thirty-year epoch. Land use features can be identified, recorded
and accurately placed on each successive map. This allows ‘time layered
mapping’ to be undertaken. For example, an old gas works or landfill site
that has disappeared from view can be re-projected on a modern map. The
planning of a new housing estate will benefit from knowledge of when and
where previous land uses occurred both on the site itself and in the
surrounding area. Landmark provide a range of services which include:

(a) A site-specific report for environmental and geo-technical consultants,
environmental managers and engineers undertaking site assessments
and desk studies to determine environmental risks and liabilities. The
report comprises a site-centred map covering a radius of one kilometre
overlaid with environmental data. Small-scale maps on the environ-
mental setting, ground water vulnerability and river quality are also
provided. Site-centred historic maps are provided to illustrate historical
features located accurately on current map data.
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(b)

A site-specific environmental risk report designed to help homebuyers
find out if the property they are buying is built on contaminated land
or affected by environmental risk. The report covers a radius up to 500
metres and provides information that is not covered in the local author-
ity search. This information helps identify registered landfill sites, waste
transfer, treatment or disposal sites, current industrial polluting
processes and prosecutions and premises licensed to keep radioactive
materials and other hazardous substances. Additional information is
provided in the report on overhead transmission lines and pylons, the
risk of flooding and subsidence and whether or not the property is in a
coal mining area or area affected by radon gas.

An environmental due-diligence report for property professionals such
as surveyors, lawyers, property developers and landowners. The site-
specific report includes an analysis of a specific location and its vicinity
for potential environmental risks and liabilities. It incorporates a site
summary and risk categorisation, a site inspection visit and visit to the
Local Authority planning office, an environmentally sensitive land use
map, current and historical land use information and large-scale his-
torical mapping. The report lists trade directory information, registered
landfill sites, waste treatment and disposal sites, premises licensed to
keep radioactive materials, statutory authorisations and other current
land use information on the site and up to a radius of 250 metres.
The digital mapping system Promap has been combined with environ-
mental data from Landmark, enabling property professionals to access
environmental reports via a map interface for individual sites in Britain.
Promap, provides access to large and small scale OS mapping and pro-
vides the ability to drill through various map scales from an overview
of Britain down to a detailed street map. Features include map cus-
tomisation, full colour display, export to GIS, CAD and other digital
mapping software and printing. The map data is updated at six-
monthly intervals, with monthly environmental data updates. Site
selection can be made by address, postcode, national grid reference,
land parcel number, OS map tile or place name.

GIS is also being used to help forecast and manage current and future risk of
contamination of land and property. The overseas case study below provides

an example.

Overseas case study

There is increasing concern surrounding the manufacture, storage,
transportation and disposal of hazardous materials (McMaster,
1988). Therefore, anticipatory hazard management is suggested as a
means of anticipating an area’s hazard distribution and what might be
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done to prevent a serious accident. A pilot project was undertaken in
the US to identify hazards present in a community and define a hazard
zone associated with each. The population distribution and demo-
graphics can then be superimposed. A grid-based GIS was used to
build a spatial model for risk assessment, focusing on airborne toxic
releases. Nathaniel and Nathaniel (1994) undertook a similar study
but focused on methane hazard. The study involved the development
of spatial risk assessment procedures to be used during site studies.
Simulations of the probability of excessive gas concentrations were
undertaken and summarised using GIS and combined with soil infor-
mation to quantify the hazard. Risk to nearby housing was assessed by
comparing hazard distribution with the location of houses.

Geology

British Geological Survey has developed a GIS application called ‘Address-
Linked Geological Inventory’ which is used for interrogating digital geological
maps. This GIS aids the identification of difficult ground conditions, old
mines and shafts, landfill sites, caves quarries, areas prone to flooding, subsi-
dence and land-slip and radon emission. An address-based search can be per-
formed using OS Address-Point for addressable properties or grid references
for non-addressable sites. The system interrogates multiple layers of digital
map data for any specified address or grid-referenced site. Automatically gen-
erated reports then summarise a range of geological information and give an
indication of ground conditions. The reports come in two forms: a Ground
Conditions Report for prospective purchasers, which includes an inventory
of geology around the property / site and describes artificial deposits (man-
made), mass movement deposits (land slips), superficial deposits (fairly recent
in geological terms!), deposits such as river sediments and solid geology
(bedrock). It also provides information on the composition of deposits where
known, a radon potential report and other considerations such as known
mines, areas at risk from non-mine subsidence, areas at risk from slope insta-
bility, flood, etc. The second report format is a Geological Report which
includes the above information plus a colour geological map extract.

Heywood et al. (1998) describe how the Nuclear Industry Radioactive
Waste Executive, which has responsibility for finding radioactive waste dis-
posal sites, use GIS to undertake sieve analysis of potential sites. Maps show-
ing geology, land use, land ownership, protected areas and population
densities are stored as thematic layers in a GIS. These layers are then over-
laid and selection criteria input (suitable geology, specific distance from main
roads, outside protected areas and areas of high population density). These
criteria can then be altered and the selection process repeated as required.
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Urban design, 3D modelling and interaction

‘There are now many techniques which can be used to construct two-
dimensional (2D) and three-dimensional (3D) models of cities and their
characteristics, which are useful for various types of visualisation. Until
quite recently the main approach was based on rendering wire frame models
of buildings based on Computer Aided Architectural Design. However, with
the widespread development of GIS, there has been a move from the 2D map
to the 3D block model which is based on extruding building plots, street line
data, and basic topography’ (Hudson-Smith and Evans, 2001). As we have
seen, GIS applications in planning are widespread. Planning is a function that
involves public and private sectors, business and home alike. With increased
use of the Internet, planning needs to be more accessible and understandable
to offer a credible and socially inclusive decision-making environment.

‘The emergence of affordable virtual reality and Internet GIS is providing
the fundamental infrastructure to begin building virtual cities which can pro-
vide an interactive simulation and analysis environment for planning real
urban places. The virtual city on the Internet will provide planners with a
computer environment to interface with the myriad of complex physical and
social data needed to plan and manage cities, along with necessary tools to
explore and analyse that data in meaningful and intuitive ways’ (Dodge et al.,
1998). The authors argue that the planning community is driving the devel-
opment of GIS as a tool to widen and deepen access to spatial information
together with appropriate functionality delivered via the Internet.

Figure 6.6 shows an image of Virtual Berlin, usable among other things as
a context for judging the effectiveness of new development proposals in con-
text. Other similar models in the UK include Bath, Glasgow and Edinburgh
Old and New Town models. Various Australian city models exist, and in

Figure 6.6 Spittelmarkt, Berlin; rendering of the new office building (ART +
COM, Germany).
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some cities it is a requirement to submit a 3D model for integration into the
model and visualisation in order to get planning approval. In the UK the
Bristol ‘Harbourside’ development has been modelled and Figure 6.7 shows
the underlying map data in MaplInfo GIS. Figure 6.8 is a plan view of the 3D
model while Figure 6.9 is a ground-level view of the 3D model.

Computer Aided Design becomes GIS if spatial analytical tools can be
used on it. Hence the shift from purely CAD models to Virtual Reality
Modelling Language (VRML) interactive ones is blurring the boundaries
between CAD and GIS and making them interactive tools for urban plan-
ning and design as well. With the meteoric development of the Internet, map
images with limited interactivity (Putz, 1994) have been surpassed by and
replaced with GIS as a critical component in the development of virtual cities
(Smith, 1998). The Centre for Advanced Spatial Analysis (CASA) at
University College London was established to develop computer technolo-
gies in several disciplines that deal with geography, space, location and the
built environment. The technologies include GIS, CAD, spatial analysis and
simulation and methodologies of planning and decision support. CASA is
currently undertaking several research projects that apply GIS to urban
design and some of these are described below.

The Virtual Environments for Urban Environments (VENUE) project
was concerned with developing computer-based technologies for urban
designers. The tools were developed around the application of GIS to
large scale urban environments which are represented in 2D map form. The

Figure 6.7 Bristol Harbourside, modelled in MapInfo GIS.
Source: Based on OS mapping and data gathered by BCC for the ‘Bristol 2000’ project.



Figure 6.8 Bristol Harbourside, plan view of 3D model.

Source: Based on OS mapping and data gathered by BCC for the ‘Bristol 2000 project.

Figure 6.9 Bristol Harbourside, virtual reality image.
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Source: Based on OS mapping and data gathered by BCC for the ‘Bristol 2000 project.
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project sought to adapt proprietary GIS to this domain and to link these
tools to the 3D environment, and hence to CAD. Adding height to conven-
tional 2D GIS thematic data allows the creation of 3D urban models in
which features such as buildings can have attribute and multimedia data
attached. VENUE also demonstrated the application of GIS at the urban
design scale of land parcels and individual buildings. This is a level of geo-
graphical detail not commonly handled by GIS, tending to be the preserve
of CAD software. Batty ez al. (1998) argue that urban design has seen little
development in IT terms, but as more large-scale digital map data become
available and the link between the information management capability of
GIS and visualisation techniques available in CAD software strengthens,
this will change. At the moment, the display and manipulation of 3D building
blocks with associated attribute data lends itself more to urban develop-
ment control than urban design.

The ability to rapidly sketch and visualise design ideas is an important
task in urban design. CASA has experimented with links between GIS and
3D visualisation tools. Functionality was added to ArcView GIS to produce
block model visualisations in VRML of built features. Macros were written
to enable designers to edit the 3D scene by introducing new blocks and to
convert 2D plan sketches into 3D format, thus establishing a link between
2D and 3D GIS. Attributes from the 2D GIS database are used to determine
the characteristics of the 3D model, for example height and colour.
Production of 3D models of the built environment requires building foot-
prints, roof morphology, elevational photographs and height data. Building
footprints are widely available, most commonly from OS large-scale data.
Roof morphology and height data are more difficult to obtain but it is pos-
sible to overlay an OS map with aerial photography at a resolution of up to
12.5 centimetres and thereby visually determine the roof morphology. In
Figures 6.10 and 6.11 a set of urban features are visualised in 3D. The
building block outlines for the central area of Wolverhampton in the UK
were derived from OS large-scale data and are stored and represented as 2D
polygons in the GIS. Each polygon also has attributes that determine its
colour and height in the 3D VRML model output. The circular polygon
around the outside is Wolverhampton’s ring road.

In 2000 the Corporation of London commissioned CASA to carry out a
review of 3D models of cities. The models ranged from CAD models
through various 3D GIS to VRML Web content and related simulations.
The primary benefits of such 3D models (when compared to 2D) is their
visual impact, persuasiveness and sense of presence when a virtual reality
interface is used. There is a significant interest in such models from telecom-
munications companies who require 3D urban morphologies to determine
the ideal allocation for base stations. It was generally found that there is a
wide acceptance of the role of 3D city modelling. However there is no one
preferred strategy for model development and no one strategy emerged as
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Figure 6.10 Building outlines and ring-road for Wolverhampton, UK.

Source: Centre for Advanced Spatial Analysis, used with permission.

fa jm o § Baem jme paer g mm
i | | s | i | | o i | Wi | ]
Himim = T 3-

BiE Feme D

Figure 6.11 3D visualisation of Figure 6.10.

Source: Centre for Advanced Spatial Analysis, used with permission.

being the most appropriate. The team identified three distinct approaches
to 3D city modelling, each from very different view points based on differ-
ent skills. These are:

e traditional 3D computer aided architectural design;
e engineering approach based on photogrammetric analysis and surveying;
e geographic information systems.
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It was largely agreed that those 3D models that were strongly coupled with
or derived from a GIS were the models that were the most ‘information
rich’ and were ‘built to last’.

At CASA the next stage of this research is to build a 3D model of London —
Virtual London — with the support of the Architecture Foundation and
Hackney Building Exploratory. The aim is to deliver mapping and 3D visu-
alisation, rendered sufficiently accurately to provide users with a feel that
‘virtual’ London is ‘real’ London (Hudson-Smith and Evans, 2001). This
model will be a visualisation of all buildings within inner London through
which users can navigate at street level as well as fly across in panoramic
fashion. It will be possible to query the data within the model by simply
pointing at and clicking on buildings and streets to reveal data concerning
floor-space, land use, rents, traffic volumes etc. Users will also be able to
make proposals and seek answers to ‘what if?” questions involving place-
ment and visualisation of new buildings, demolition and changes to trans-
port links. The 3D model will be available over the internet and it will use
GIS, CAD and a variety of photorealistic imaging techniques and photo-
grammetric methods of data capture. CASA is currently developing a proto-
type virtual urban information system for London. Figure 6.12 shows a
section of Oxford Street in London where the ringed building has been
moved to a new position as shown in Figure 6.13. The development of such
an ambitious virtual model assumes, of course, that an agency can afford-
ably maintain a major 3D city-wide model at a level of detail that can be
useful to most stakeholders. One means of reducing the total cost of use of
such models is to broaden their appeal and thus spread the cost of initial

Figure 6.12 GIS-based photographic image of Oxford Street in London.

Source: Centre for Advanced Spatial Analysis, used with permission.
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Figure 6.13 Ringed building from Figure 6.12 has been repositioned.

Source: Centre for Advanced Spatial Analysis, used with permission.

creation and subsequent amendment and use across a wider range of appli-
cations. Mitchell (1995) defined designing a building or development as
fundamentally a collaborative, interdisciplinary, geographically distributed
multimedia activity. If this collaborative digital multimedia activity is
integrated and disseminated over the Internet, and encompasses a large
enough urban area, it could provide the context and constraints for future
development and serve to inform and engage the public (Smith, 1998).

The CASA has also developed a range of interactive demonstrations for
Hackney Building Exploratory on CD and on the web. The aim of this work
is to promote online public participation in urban design and redevelop-
ment of the Woodberry Down residential estate (Hudson-Smith and Evans,
2001). Participants can be posed with the kinds of questions planners and
decision-makers face. For example, what happens if we change the traffic
flow or knock down this building? Planners and politicians — the decision-
makers — can see the results of making changes. A series of panoramas from
around Hackney were photographed to create a virtual tour of the bor-
ough. The user is able to navigate the scene from a central point. Panoramic
imaging technology has been used for the first time by CASA in a public
planning inquiry. This allowed the members of the court to visualise before
and after scenarios of the proposed development. Each panorama was aug-
mented with a CAD model to provide key view points of the development.
By using a range of techniques it is possible to significantly reduce the com-
plexity of 3D and virtual reality models, making them suitable for Internet-
based distribution. This is an important step when considering how to
convey geographic information to a mass audience.
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Overseas case study

A local authority in Denmark wanted to zone an area of sloping
terrain for residential development but was keen on preserving the
scenic views of an inlet from the higher points. To preserve these
views, the land parcels, building heights and elevations were input
into a 3D GIS. The GIS was able to provide a picture of the possible
layouts for the design of the development as a whole and document
views of the inlet from each of the parcels in the final plan. With
a visual model of the scenic possibilities of the development and
each land parcel, local government officials were able to give better
guidance to potential buyers (GEOEurope, 2001).

Summary

Planning was one of the earliest applications of GIS in property in the UK.
The mushrooming body of planning legislation, guidance and statutory
control over recent years has led to a significant increase in demand for
information systems that can assist in the collection and interpretation of
data, automation of operational procedures and the monitoring of policy
effects. There are many examples of good practice and lessons learnt in local
government up and down the country. In this chapter some of the ways in
which GIS has been used to assist planning functions at the strategic,
regional and, perhaps predominantly to date, operational level have been
described. Use of GIS for operational procedures and application-specific
implementations of GIS in planning within local government have tended to
dominate for technical (data cost, project nature of GIS in early days) and
organisational (GIS champions, departmental budget financing and cost jus-
tification) reasons. But as the cost of data declines and data availability
improves the value of integrating and sharing data becomes more apparent
and we should witness the development of more regional and national GIS
planning applications. We have also looked at the use of GIS for pre-con-
struction investigations and urban design functions. Some of the lessons
learnt from GIS implementation in a planning context have been outlined.
They include organisational, technological, data and staffing problems. A
recurring problem highlighted by local government staff involved in the
application of GIS for planning is the significant skills shortage. Many
authorities have great difficulty in retaining skilled staff in this field.
Development decisions are inherently geographical. The adage ‘location,
location, location’ pertains directly to property development decisions.
From site identification and evaluation, use/economic/planning/legal/
financial development appraisal through to construction, marketing and
disposal, the reliance on geographical data is overarching. Some of these
areas of application we have described in this chapter. Others that focus on
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market research, accessibility modelling and demographic analysis will be
considered in Chapters 7 and 8.

Planning and development decisions require accurate and reliable data.
Landmark is a good example of an organisation committed to the integra-
tion and dissemination of data to assist decision-makers in this area. But of
equal importance is the way in which these data are perceived and visu-
alised geographically. This chapter therefore ended with an overview of the
way in which leading edge research is challenging the 2D representation
of the built environment and is experimenting with 3D visualisation and
virtual models of development and design decisions.
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7 Retail and financial market
research

Introduction

Businesses compete in many ways; product differentiation, price and non-
price competition for example, but market share can vary dramatically
from locality to locality. Many businesses, particularly retailers, must estab-
lish branch networks at local, regional and national scales in order to pen-
etrate markets and maximise revenue. Business market research in support
of commercial property decisions is an established discipline but it is one
that has benefited significantly in recent years from GIS tools and tech-
niques. ‘Many important business decisions are now made utilising business
mapping as one of the key tools’ (Wicks, 1995). Consultants GeoBusiness
Solutions argue that GIS is part of the armoury through which businesses
compete to gain competitive advantage. For example, GIS is used for site
screening and selection, catchment area definition (using customer or
expenditure estimates and local demographics), store performance evalua-
tion, marketing and customer profiling. In specific market sectors, geo-
graphical analysis is used to support decision-making in the following ways:

e Retail: sales analysis and site development, new store sales forecasts,
impact analysis, store performance analysis, dealer network planning
and after sales forecasting, loyalty card and customer database analysis.

e Leisure: demand elasticity estimation, local marketing, site develop-
ment and support for licensing.

e Finance: local market demand strategy, optimal networks (branches
and automated teller machines), service planning and merger impact
analysis.

e DProperty: feasibility studies, planning research, catchment area
definition and analysis.

Examples of decision support include:

e How many outlets should we have in region X?
e  What will happen if we close outlet A in centre Y?
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What will be the result of refurbishing our outlet network in X?

How does actual performance compare with forecast?

Where should we expand/contract?

Where will changes in market size and demographic profile affect
performance?

e  Where are our competitors opening/closing outlets?

Pioneers of GIS for location modelling and marketing had a limited
choice of systems. They were usually expensive, required bespoke develop-
ment and support, suffered from a lack of skilled personnel and produced
mixed results. GIS software is now more user-friendly and includes desktop
mapping and viewing tools, drive-time analysis tools, area analysis and
reporting tools. Importantly for market research — where demographic,
property and business data are combined — the software is now capable of
much better data exchange. With more proprietory GIS software packages
available for market research, competitive advantage increasingly depends
on the quality of models and analysis developed with the GIS and the way
in which these tools are used to support decisions.

This chapter describes how GIS has enhanced demographic analysis,
retail and business location planning, and insurance and financial risk
analysis. The introduction of GIS has added not only a geographical dimen-
sion to these business market research activities but has also revolutionised
the way in which customer, sales and market data are combined, analysed
and reported as an aid to decision-making.

Geo-demographic analysis

A fundamental resource for market research is demographic data.
Demographic data are analysed to produce statistical information about
population groups. These statistics are used for customer profiling, store
location planning and branch development. Geo-demographic data and geo-
demographic analysis refer to the mapping and geographical analysis of
demographic data.

Many businesses hold postcode address data sets of their customers
which, through the application of postcode geography, allow the relation-
ship between customers and their location to be established. This informa-
tion can be mapped to analyse customer distribution or can be combined
with other geo-demographic or business data sets for wider analysis.
Market research has incorporated demography for a long time but it is the
introduction of GIS that has allowed geo-demographic analysis to be under-
taken easily and on a desktop PC. Because branch network and store loca-
tion decisions are expensive it is important to get them right and
geo-demographic data are vital to this decision-making process. As with all
other statistical analysis however, care is needed in structuring the question,
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performing the analysis and interpreting the results. These issues will be
explored in greater depth in Part III but the level of sophistication
evident in the geographical analysis of demographic data is now high
and this will be appreciated from the example applications described in
this chapter.

As a simple example of the way in which GIS has been used to enhance
market research, catchment areas were traditionally defined either by scrib-
ing a circle of a given radius around the subject site or by driving around
the locality at various times of the day to establish drive-times along par-
ticular roads. Many GIS now incorporate drive-time simulation algorithms
as an enhanced measure of accessibility. These make use of readily available
route networks and allow the input of speeds and impedances for any
stretch of road. Drive-times can then be modelled using these networks and
the results are regarded as a more accurate representation of travel than
Euclidean distance measures. Figures 7.1 and 7.2 illustrate the different
sizes of catchment area when the two methods are used to calculate a 500-
metre drive-time around an office in Queen Square in the centre of Bristol.
The 500-metre radius, measured using Euclidean distance, clearly contains
a much greater catchment than the 500-metre drive-time, particularly in
this case where there is a river acting as a barrier. These more sophisticated
catchment areas can be used to identify how many potential customers,
competing businesses or development sites are in a specified area. For
example, it is possible to calculate the number of potential customers
within, say, 500 metre of a proposed retail site to determine how many are
within walking distance. This could strengthen the argument at a planning
enquiry for the site as a sustainable location for a new store. Again, the ana-
lyst must exercise caution. Different specifications for drive-time models
lead to different results. There is no national consistency with regard to
road speed or type (it would not be possible to travel along an A-road in
Central London at the same average speed as an A-road in rural Scotland).
Care must be taken therefore in defining drive-times so that they reflect real
world travel speeds.

Retail location planning

In the retail sector GIS is used primarily to identify new sites and to
measure the performance of existing ones. The types of analysis undertaken
often include:

e demand assessment; catchment area analysis (population characteris-
tics, family incomes, expenditure and buying preferences, future
trends);

e supply and competition analysis (relative attractiveness of a proposed
store);

e  existing store appraisal (customer penetration);
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Figure 7.2 A 500-metre drive-time defined by road network distance.

e new site appraisal; identifying and ranking the location of new sites in
terms of accessibility, trade potential, size, shape, parking, prominence;

e integration of demographic, marketing and geographic data to produce
a turnover estimate, for example, overlay buying power of population
(market), location of competitors (competition), road links and drive-
times (accessibility).
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Retail location analysis is becoming increasingly complex. Components of
GIS for store location planning include:

e Mapping facilities.
Catchment demographics; usually aggregated to postcode sector level.
Store accessibility; distance, drive-times, travel times by public trans-
port and on foot.
Competition and agglomeration of specific business types.
Trading area composition; measures of the attraction of retail centres,
for example.

e Outlet characteristics; size, frontage, number of staff, etc. (Grimshaw,
2000).

Geographical Information Systems can be used to select suitable comparison
stores in order to estimate turnover for new outlets. It is possible to take the
output from GIS queries of geo-demographic data sets and convert them into
predictions of key performance indicators. Using statistical techniques such
as multiple regression analysis, GIS can interpolate area variables and prox-
imity variables. Gravity modelling is used to predict levels of customer trips
between residential zones and outlets or centres and is used by retailers for
planning store networks and predicting expected revenue from new sites. It
is also increasingly used by retail financial services, leisure and health sec-
tors. Unlike multiple regression analysis, gravity modelling can conduct
impact analysis and network optimisation (catchment area analysis).

Mature retail branch networks mean that new site development is an
unrealistic means of increasing sales because new outlets will cannibalise
existing sales (Walker, 2000). Therefore selective opening, closure and relo-
cation of outlets to optimise the network becomes the principle, property-
related means of increasing sales. An optimum store network might be
defined in terms of sales, proximity to the maximum number of customers
or achieving an even geographical coverage. This is done using gravity
models and is regarded as better than assessing store’s performance on
a store-by-store basis.

According to Goodwin (1997) catchment areas based on postcode sectors
and Goad Plans are analysed in combination with in-house data on sales
areas, turnover and profit. GIS has integrated these functions and it is now
possible to study population growth, average spending and the demo-
graphic status of emerging urban and retail areas. By using gravity model-
ling to model customer flows between possible retail destinations and then
using GIS to determine how resources should be allocated to various sites
or centres based on their strengths (size, attractiveness, store layout, stock),
it is possible to model market potential in an area and estimate how it might
be affected by changes in accessibility (road or pedestrian layout).

The large food retailers such as Sainsbury, Tesco, Safeway, Asda and
Somerfield, who operate substantial supermarket chains, use GIS for
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performance forecasting of new stores together with demographic and
lifestyle data for postcode sectors surrounding existing ones. Non-food
retailers and financial service providers such as Boots, WH Smith,
Debenhams, Leeds Building Society, Lloyds TSB and the Halifax use GIS for
site selection and the modelling of population change, spending profiles and
accessibility. Some of these retail applications of GIS are described in the
following sections.

Food retailers

Food retailing is a location-specific business. Safeway use a GIS as part of
their store location strategy to define catchment areas of shoppers who fit
the profile of the highest spending customers at Safeway stores, overlaid
with existing and planned superstore developments (Wilkinson, 1991).
Approximately £20 million investment goes into each store. ‘Competition
in the British grocery industry is evident in the accelerating new store devel-
opment programmes of the major retailers. The escalating site cost and the
heavier levels of capital investment have resulted in the development of a
more sophisticated approach to evaluating the sales potential of both new
sites and existing stores’ (Wilkinson, 1991). Key determinants of a success-
ful site are sales potential and likely profitability. These are dependent on
site characteristics (such as size, shape, parking, ancillary facilities), infra-
structure (that determines accessibility relative to competitors and popula-
tion), competition and population (size, demographics, age, etc.). Customer,
store, product, census and competition data are analysed as follows:

(a) Outlet strategy: evaluate the profile of high spending customers at exist-
ing stores to target population with a propensity to shop at Safeway,
map locations of these target shoppers and overlay existing/planned
superstore developments. Draw catchment areas, rank and aggregate
specific locations to produce a regional and national development pro-
gramme. Outlet strategy determines resource allocation, acquisition
programme and filters opportunities presented by developers.

(b) Trade potential reporting: this is a more detailed examination of a spe-
cific site. Catchment area definition is based on drive-times, geograph-
ical and psychological barriers, physical capacity, accessibility and
visibility of the site, scale and condition of competitors, and the loca-
tion of target customers. Once the catchment area is defined it is
mapped and examined for market penetration, competitor activity and
impact analysis (own and competitors’) under different scenarios of
population growth, infrastructure changes and catchment expansion.

(c) The investment decision: mapping can add value to boardroom decision.

(d) Tailoring the store: behavioural data are examined geographically to
highlight, by customer postcode, patronage of in-store departments.
This information can then be cross-referenced to geo-demographic
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indicators to establish rules on buying habits by population type, which
can then be applied to the target catchment of the proposed store.

(e) Local advertising: geographical targeting.

(f) Post-opening evaluation: compare actual with projected performance.

‘A GIS has an extremely important role to play in store planning. It estab-
lishes a single geographical base against which to analyse any number of
different data sets. ... It is enormously effective as a communication tool...’
(Wilkinson, 1991).

Non-food retailers

A GIS was used to model new shopper behaviour at the Meadowhall
out-of-town retail centre in Sheffield, mapping home locations of shoppers
together with isochrones (lines that join places of equal travel-time to or
from a given destination) to illustrate the extent of the attraction of the cen-
tre geographically. Results showed that the attraction was especially strong
along the motorways and demographically from young affluent families.
Marks and Spencer have used GIS to analyse exit surveys of customers in
order to define catchment areas of stores. This allows the development of
predictive algorithms for catchment forecasts for new stores. The road net-
work is mapped to create drive-times around stores and the market share in
an area is analysed to determine whether new business can be generated.
Debenhams also used a GIS to assess potential store locations, monitor the
performance of existing stores and assist in in-store development.
Geographical analysis includes the following tasks:

e catchment area definition (using credit card penetration levels to define
catchment areas for existing stores and drive-time analysis for new stores);

e area profiling (demographic make-up of surrounding population for
specific goods); and

e retail potential (estimate annual spending potential within the catch-
ment area for merchandise groups).

Longley and Clarke (1996) describe how a GIS was used by a home
electronics rental company to assess the impact of opening a new store.
Costs of opening a new store were estimated (such as property, staff, stock,
etc.) and a GIS was used to predict revenue over the next five years based
on geo-demographic data for surrounding postcodes. The GIS model
revealed that much of this revenue would be redirected from the organisa-
tion’s other stores in the area.

Lloyds Chemists also use GIS for customer profiling, site location and
competitor research, analysis of market activities and the planning of
marketing strategies (Goodwin, 1997). They are considering showing the
location of GPs in any area to locate stores in easy reach of surgeries.
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Geographical Information Systems have seen significant application in
the building society sector, particularly amongst the large national opera-
tors. The main functions are target mailing, assessing market potential,
catchment area and branch location analysis, insurance rating and credit
assessment. The majority of users regard GIS as a strategic tool (Grimshaw,
2000). This contrasts with evidence from the local government sector where
it is regarded as an operational tool in the main. The Nationwide Building
Society uses GIS to match products and capacity to local demand and
to consider the hierarchy of the branch network (Hornby, 1991). Data
include a customer database with postcodes, census and geo-demographic
data and a catchment area database, which includes the locations of
competitors. Catchment area analysis and competition analysis are com-
bined to forecast customer penetration per head of population. This is then
used to determine the size and location of the branch network. For a par-
ticular area the objective is to deliver a distribution plan of Nationwide
products. The first stage is to analyse the existing market in terms of com-
petition and market share by product within specific customer segments.
The results are then fed into a capacity model to calculate the distribution
supply requirement from the market demand. Longley and Clarke (1996)
describe how a GIS was used by another building society to decide whether
to proceed with a refurbishment programme for existing branches or to
develop the branch network in regions of the country that were currently
under-represented.

Car dealerships use GIS to define catchment areas, create thematic
maps of dealer performance and areas of dealer potential. In the auto-
mobile industry franchised dealerships are allocated discrete geographical
territories. Evidence shows that the more dealerships that a car manufac-
turer appoints the greater the likely market share, although diminishing
returns have a consequent effect on profitability for each additional dealer-
ship. A GIS can help achieve a balance between maximising the
number of dealerships and maintaining profitability for each one (Longley
and Clarke, 1996). Clark (1991) describes how a GIS has been used by
Toyota GB to:

e appraise Toyota and competitor performance in the UK at different
spatial scales;

e measure the performance of individual dealers for target setting;

¢ identify new market opportunities (taking into account predicted levels
of business and competitor activity);

e  assign areas of responsibility to new dealers;
assess the impact of dealer terminations; and
identify the optimum dealer network under different scenarios.

Grimshaw (2000) describes how a European car dealer network used GIS
to define dealer catchments. These were large areas as the dealer operated
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in the specialist car market. GIS output included thematic maps of individual
dealer performance and areas of dealer potential.

‘Catalist’ is an independent company specialising in the petrol retailing
market. The company provides information about petrol stations in Europe
and data analysis techniques provide decision support tools for the plan-
ning and operation of a petrol retail network. Computer-based maps and
GIS are used to optimise the planning and operations for clients who
include BP, Esso, Shell, Tesco, Sainsburys, Granada and Welcome Break.
Typical applications are:

e Optimising locations for petrol stations, depots, shops, branches,
restaurants, etc.

¢ Analysing census data, road networks, drive-times and other factors to
establish the most efficient sales territory network.

e  Generating maps and reports.

¢ Defining catchment areas based on customer locations, census profiles,
drive-times or other factors.

e  Mapping the optimum distribution network between multiple supply
points, depots and delivery points.

Overseas case study

In the US a mortgage company in South Carolina uses GIS to assess
the feasibility of existing or potential sites for particular activities. An
application developed by the University of South Carolina uses a grav-
ity model that incorporates distance decay as a component of the cal-
culation of market potential. The aim of the model is to answer the
question ‘how many customers or how much in sales can I expect at
this site given the existing competition?’ Instead of using a market
radius to select demographic variables, distance decay is calculated on
the basis of the location of the proposed site and competitors, attrac-
tiveness of the proposed store (measured by floor-space), maximum
market range and the type of distance decay model required.

Retail property consultants

Property consultants involved with retail site selection and development
have used GIS to analyse demographic, property and geographic data in
order to assess likely turnover, potential catchment, the effect of competi-
tion and planning policy for potential new sites. The catchment area (pop-
ulation characteristics, family income, expenditure and buying preferences),
competitors and site location (accessibility, visibility) are all examined. For
example, Sanderson, Townend and Gilbert, a firm of chartered surveyors in



Retail and financial market research 209

Newecastle in the UK, used a GIS to identify sites on behalf of Global Video,
who operate a chain of video rental outlets (Kirkwood, 1998). The GIS was
used to integrate information about Global Video and their competitors
with demographic and property data using postcode sector boundaries,
road network mapping and retail Goad Plans. Possible outlet locations are
identified and the GIS is used to select relevant postcode sectors in the vicin-
ity of each site and demographic data for each sector are scrutinised to see
if they match the requirements of the customer profile for a successful store.
If the match is good the site is inspected. The Global Video GIS application
selects sites using the following criteria:

Busy pitch (modelled using Goad Retail Plans)
Good car access

e Proximity to complimentary retail uses such as hot food and off-licence
outlets

e Acceptable distance from the competition

e DPotential population catchment area.

Data used include postcode sector boundaries, small-scale raster maps and
demographic data on unemployment, car ownership and social class for
each postcode sector. The process involves locating a potential site on a gen-
eral location map, selecting postcode sectors that a store in that location
would draw from, assessing demographic data for the proposed store
against the demographic model of a successful video store, visiting the site
and assessing location factors (Buchanan et al., 1999). The application
would be enhanced if local authorities made their planning data available
digitally.

Overseas case study

In the US Wilson-Kibler, a real estate company in South Carolina,
commissioned the University of South Carolina to develop a GIS
application that assists retail site selection (Cowen et al., 1999). The
application measures market potential based on a prescribed range
around the site. A circular buffer is drawn around the proposed site
and the underlying census blocks within the circle are clipped.
Demographic data contained in straddling polygons is allocated in
proportion to area inside/outside the circle. This is illustrated in
Figure 7.3. For each census tract selected summary statistics are
presented for each census record. The user can then weigh the
importance of each item of census data in order to derive a final
‘score’ for the site.
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Figure 7.3 How census tract level demographic data are apportioned using
area ratios.

Source: After Cowen et al., 1999.

At CB Hillier Parker, a firm of property consultants in the UK, GIS is used
for retail analysis using gravity modelling by research staff and for basic
GIS mapping for presentation purposes (such as the calculation of catch-
ment areas) by surveyors in general. An objective of CB Hillier Parker is to
have basic mapping tools on every surveyor’s desk in the next 3—4 years,
primarily for descriptive mapping. It is expected that this will mature into
more sophisticated analysis over time. Property data such as rents, yields,
lease and occupier details are geo-coded and mapped onto large-scale OS
mapping. Buildings can be shaded to illustrate acquisitions, disposals, rents
and other descriptive data about the market. CB Hillier Parker also carry
out a National Survey of Local Shopping Patterns that utilises GIS technol-
ogy. In 1998, the first electoral roll survey of consumer shopping destina-
tion preferences for comparison and convenience goods was undertaken.
This survey of more than one million households permits catchment areas
and penetration rates of major comparison and convenience goods to be
identified for trading locations in the UK. Before this survey, retail analysts
had to rely on proxy measures of local retail market size using modelled
catchment population estimates, shop counts and retail floor-space totals as
indicators of market size differences. The electoral roll survey allows fore-
casts of local high street growth trends based on consumer spending flows.
The impact of development activity, population growth and other socio-
economic factors on spending levels and sales in individual retail markets
can be simulated. Retail rental forecasting models can be based on actual
rather than proxy measures of market activity. The survey:

o Identifies the size and nature of catchment areas for retail goods.
o Identifies size and profile of shopping populations for individual or
grouped trading locations.
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e Identifies the market shares achieved by trading locations competing
for trade in any catchment area.

e Identifies and predicts growth trends at the local level.

e Ranks trading locations by size, growth profile and other charac-
teristics.

e Forecasts sales and occupational costs.

e Predicts the impact of development on shopping patterns.

GIS is also used at CB Hillier Parker to assist with the design, development,
layout and retail mix of shopping centres. Analysis focuses on the flows
of shoppers between origins and destinations at the postcode sector level.
GIS is used to extend geo-demographic area profiling using drive-time
isochrones and other trade area definitions. Data from the Survey of Local
Shopping Patterns described above can be combined with other area data
sets, describing income, lifestyle and expenditure, for example, to define
catchment areas and other shopping population profiles for individual or
grouped trading locations.

Use of GIS at Jones Lang Lasalle (JLL) was prompted by demand for retail
site location analysis on behalf of specific clients. This application-led intro-
duction of GIS can be justified financially in terms of the benefit that it offers
the client in meeting the objectives of a project brief. The firm is currently eval-
uating the potential benefits of mapping its agency database and this was
described in Chapter 4. The familiar problems of inconsistencies with in-house
data are being encountered but already the pilot project is illustrating how use-
ful even simple thematic mapping of data stored in the agency database can
be. This is a more corporate approach to the introduction of GIS in an organ-
isation and the benefits that it can offer are sometimes harder to identify and
value. In terms of software and data products in use at JLL, desktop mapping
is used and digital Goad Plans are available across the firm. More advanced
retail mapping is used within the Information Centre. Promap is used for the
generation of location plans that typically appear in reports from JLL. Also,
MapPoint, which includes OS street level data for the UK, is used to generate
customised plans and maps for insertion in reports and web pages. MapPoint
is also capable of performing basic point and thematic mapping. Maplnfo is
used as a mapping package for the input of postcode zones, point data and
other thematic data sets but it is not used for analysis of these data.

CACI supplies both software and data to JLL and JLL has been a user of
CACT’s Insite system since 1988. A customised system was built to reflect the
specific needs of JLL in terms offering value added services to retailers, which
was focused primarily on location and catchment area analysis. For example,
using the drive-time application it is possible to evaluate specific sites for
clients in terms of:

e Catchment size
e  Opverlapping catchments
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‘Gaps’ in the market
‘Cannibalisation’ for retailers

New locations for expansion
Opportunities for disposal properties.

The Market-Scan application is used to determine the location of hotspots
and for thematic mapping and includes 20-, 30- and 60-minute drive-times
for each of the 9,000 postcode sectors in the UK, an example of which is
shown in Figure 7.4.

Using CACI’s Retail Footprint application primary, secondary and terti-
ary catchments for some 2,300 retail locations in the UK, ranging from
regional and suburban shopping centres to out-of-town retail parks can be
identified. Retail Footprint is based upon a gravity model, which reflects
both a centre’s accessibility and attractiveness (in terms of retail provision —
comparison, household and food shopping) compared with neighbouring
retail locations. The model defines in geographic terms the area from which
a retail centre attracts its trade. During the 1990s, JLL continued to expand
its use of GIS from CACI with a retail focus by adding the Paycheck data
set and the Impact Module. The latter enables the potential impact of new
retail development on an existing retail location, and the impact of new
competitors on existing sites, to be modelled. For example, a major
(fictitious) regional shopping centre, totalling some 500,000 square feet is
to be built in Neston, which has an existing retail catchment of approxi-
mately 258,000 people. It is estimated that the proposed development will
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Figure 7.4 Drive-times based on postcode sectors.
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increase the attractiveness of Neston as a retail location by 150 per cent.
Inputting these figures into the Impact Model it is estimated that the impact
of an additional 500,000 square feet of retail space in Neston will increase
the retail catchment to 402,700 people. Figures 7.5 and 7.6 show how the
size and shape of the primary, secondary and tertiary retail catchments have
changed, underpinning this increase in population.
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Figure 7.6 Retail catchment areas around Neston (2).
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European Insite from CACI contains many of the analytical capabilities
of the UK products but its main advantage as far as JLL is concerned is that
it is geographically seamless and thus allows cross-border drive-times, socio-
economic analysis and overlapping catchments (cannibalism) to be calcu-
lated. In the absence of this product, JLL would have to rely on each country
performing the analyses, which would invariably stop at the borders!

JLL therefore uses GIS to perform retail location and relocation analysis,
catchment and impact analysis, store performance measurement, customer
segmentation, thematic mapping of ‘hot spots’, location targeting and pro-
filing, modelling ‘what if’ scenarios and trend analysis. GIS is used in the
retail department of JLL for analysis on behalf of a range of clients in the
UK and in Europe including Costco, BAA McArthur Glen and Starbucks. A
typical application of GIS for retail analysis is the location mapping of cof-
fee houses for a particular chain in relation to the location of competitors.

Finally, JLL have developed a ‘Locations Database’ which is accessible
over the firm’s intranet. The database provides access to annually updated
population, employment, business, accessibility and property data for
regions, towns and urban areas across the UK. The database has a map
front-end and uses MultiMap to illustrate locations once they have been
selected. A useful next step would be to extend the scale of the database by
allowing users to zoom in to particular urban areas, call up the large-scale
mapping associated with the agency database and thus continue enquiries
at the individual property level. This would go some way to realising JLLs
vision of a corporate, GIS that integrates systems and databases in order to
promote knowledge sharing. Future plans are to incorporate metropolitan
maps for UK and Europe, develop web-based mapping capabilities, a pan
European GIS system and to expand the property-related applications
piloted in Leeds are described in Chapter 4.

The Investment Property Databank (IPD) and property consultants
Donaldsons used GIS to analyse various geo-referenced data in order to
identify potential sites for a new shopping centre. Various vector-based
point and polygon data, including population density, market volatility,
past investment performance, 10-, 20- and 30-mile drive-times around
urban areas, infrastructure, lifestyle profiles and rental growth (shown in
Figure 7.7), were converted to raster data and normalised. This was
achieved by taking the surface values and reclassifying the values of each
surface so that they relate to a 1-10 scale shown in Figure 7.8 for rental
growth figures. The normalised surfaces were then combined by simply
adding their values at each point using ‘Map Calculator’, a standard GIS
tool described in Part I of this book. Figure 7.9 shows the result of using
the Map Calculator function to add up the scores for each of the normalised
variables and displays the areas according to the aggregate scores for opti-
mum locations (1 — poor, 7 — very good). The result is a single composite
map created by interpolating a series of surfaces from various vector-based
point and polygon data.
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Figure 7.7 Rental growth by local authority area.

Source: IPD, used with permission.

Figure 7.8 Normalisation of rental growth figures.

Source: IPD, used with permission.



216 GIS applications in land and property management

Frmmn o bk e s
Brmn by e T v
Bripy R

A i e ki i el
[rrpe—

YT e—,

B e e L L]

g b e i B
[P——

[y T,

warim

=

e g iy Heiy e

et

2 s e s =

Figure 7.9 Composite map showing a ranking of suitable locations for a new
shopping centre.

Source: IPD, used with permission.

Overseas case study

In the US ‘appraisers are often asked to estimate the market value of
retail centres that are not at ‘stabilised occupancy’ (90-95 per cent).
Appraisers need to estimate the time for retail absorption for a geo-
graphical area in which the centre is located and for the subject retail
centre itself, in other words, how long will it take for the centre to
reach stabilised occupancy? GIS can be used to perform the absorp-
tion forecast (Smith and Webb, 1997). Traditionally an absorption
trend analysis is undertaken by examining past absorption trends in
the market and projecting the historical average over, say, the last
5-10 years. This historical data is usually available from larger
national real estate brokers or private real estate information services.
Data might include rents, vacancy rates and space absorption over the
past few years. GIS can help forecast absorption by providing a geo-
graphical population forecast. It does this as follows; take existing
retail space and divide it by the existing population estimate to calcu-
late the current ratio of retail space per person. The ratio would vary
due to population income, shopping habits and other factors that
determine trade areas and retail sales. It will also be affected by the
supply of new space. It is also possible to determine ‘occupied’ retail
space per person by adjusting the retail space figure by the vacancy
rate and dividing this (lower) area by the population estimate. Then
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look at the population forecast for, say, five years’ time and multiply
the number of new people by the ‘occupied’ retail space per person
ratio to arrive at an estimate of new space needed over the next five
years. From this the average annual absorption over the next five
years can be calculated by dividing the figure by five (years).

Office location planning

Why do office occupiers pay more for certain locations? How do values of
office premises vary across a city? Can geographical analysis of property
values aid office location planning? These are the sort of questions that
businesses must ask in order to optimise the use of property assets.
Empirical evidence suggests that office occupiers regard accessibility to cus-
tomers, clients and complementary business activities as the fundamental
elements of a property decision, over and above the physical and legal char-
acteristics of the property.

A study in Bristol used a geographical analysis technique called distance
mapping to locate those office properties that were within specified access
times and distances of features regarded as urban attractions. The study
suggested that a geographical analysis of property values can identify move-
ments in value and shifts in relative accessibility and concluded that this
type of analysis may have an important application in office location plan-
ning (Wyatt, 1999). The results demonstrated the importance of using a
communications network when calculating distances and travel times
across an urban area. The route network should be based on actual trans-
port routes and incorporate realistic impedance measures for traversal
along the network. Only by developing a realistic network model of com-
munications in an urban area can an accurate picture of how locational
influences affect property value be created. The network distance analysis
can be enhanced by creating more realistic impedances for traversal along
different roads and certain stretches of road. Two influences in particular
were found to affect the accessibility calculated using the network model.
These were the configuration of the route network and the impedance for
traversal along the routes. This has obvious implications for transport
planning and its consequent effect on property values — the design of route
networks in urban areas should seek to optimise ease of movement of
vehicles and pedestrians. Accessibility, in terms of customers, clients and
complementary business activities is the key determinant of the location
decision for many office activities, especially the financial and professional
services occupiers. This increases the demand for more accessible sites,
which have traditionally been in the city centre.

As well as retail clients GIS has been used for office and industrial
location analysis. Companies that are looking to relocate may require a
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comparison of drive-times and public transport accessibility between their
existing and proposed locations. Jones Lang Lasalle (JLL) use GIS to assess
labour availability in terms of the size of the workforce, economic activity,
occupation profile and qualifications of the workforce. The pursuit of
lower operating costs — namely property and labour costs — is an important
trigger in an organisation’s relocation plans. The differential in property
costs (rent and rates) between Central London and provincial office mar-
kets has been a major push factor. However, organisational factors such as
the need to expand and opportunities for consolidation of premises and
staff have risen in importance as the primary triggers for relocation deci-
sions. Organisations today have to ensure that their property portfolios add
value to their activities and provide them with the opportunity to compete
effectively in ever more demanding markets. In one particular case — it
was the need to consolidate premises and staff which was the trigger for
the relocation of a headquarters operation out of Central London.
Following the identification and acquisition of suitable properties in
and around the M25, JLL was asked as part of the relocation process to
provide a detailed journey time analysis by road and public transport
from staff homes to:

(i) existing HQ location in Central London;
(i1) new location in and around the M25; and
(iii) the differential in journey time between (i) and (ii).

First, using various journey plan databases, journey time differentials were
ascertained. Staff homes (using postcodes) were imported and plotted on
a base map and classified according to salary group and differential in
journey time. Second, 60-, 90-, 120-minute drive-times were calculated
around the new site, reducing the default drive-time speeds by 50 per cent
to reflect congestion on the M25 during peak hours. This exercise provided
an indication of journey times by road from homes to the new location.
The resultant map and accompanying database provided the client with
a base on which to make initial relocating staff decisions, based on
journey time to work. For any case, which was considered borderline,
a replica journey was undertaken either by public transport or road from
individual homes.

Another use to which GIS has been put on behalf of office occupiers is an
analysis of new market potential. The CACI Market-Scan application has
pre-defined drive-time catchments around all postcode sectors in the UK.
Data sets, which JLL has underpinning these pre-defined catchments,
include population, age-structure, population projections, occupation,
social class, car and home ownership, economic activity, neighbourhood
classification, retail expenditure, household income, business data and
education/qualifications. Market-Scan is a useful tool for ‘hot spot’
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mapping in terms of identifying locations that offer the best opportunities
based on the analysis of the underlying data sets. For example, JLL were
instructed by a financial services company to find approximately 4,000
square feet of office space in twenty different locations across the UK.
The client wished to sell household insurance, household loans and mort-
gages. As a first step in identifying suitable locations, MarketScan was
used to construct 20-minute drive-times to illustrate those locations with
a critical mass in terms of number of households. It was then possible to
sieve and rank the ‘hot spot’ locations using other key variables and iden-
tify available office properties in each location. Similarly, a bank client
asked for a geo-demographic analysis of locations throughout the UK
in order to identify those that contain high population density within
a short drive-time. This analysis was then used to support location decisions
for home insurance outlets. For industrial occupiers GIS has been used
to help distribution companies locate their depots. This has involved
transport network analysis.

Businesses are increasingly looking internationally for suitable premises for
branch networks, production and manufacturing facilities, and distribution
outlets. Grimshaw (2000) notes that leisure operators use GIS for site selec-
tion. Analysis of potential sites at the local level, in terms of the location of
outlets with respect to local demand and competitor type, size and location,
may help quantify market share in a region. By undertaking detailed analy-
sis of customers of existing outlets and concentrating on socio-economic
characteristics, frequency of visits, spending per head for example, a typical
customer profile can be drawn up and input into a GIS. This profile can be
compared with national statistical information relating to population
levels, socio-economic characteristics, housing types and travel isochrones.
The profile can then be used to identify specific locations for site acquisi-
tion. This process is increasingly used by major leisure operators such as
Bass and Whitbread. But it is not just the private sector that requires this
type of location planning. Development agencies that wish to attract
inward investment for, say, regeneration must consider the location require-
ments (such as labour, market catchment and accessibility) of relocating
firms in order to target their investment. The International Location
Advisory Team at management consultants Ernst & Young use GIS to help
corporate clients who wish to consider relocation options for their busi-
nesses. GIS contributes to the location analysis by screening locations prior
to more detailed analysis. Property cost and land availability are the start-
ing points. Screening then includes labour market factors (unemployment,
age of workforce), drive-times, rail-times and airport locations. These data
are classified (using natural breaks, as defined in Part I of the book,
for example) and displayed on a map. The analysis then focuses on between
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10 and 20 local authority districts after initial screening. These districts can
be grouped together into more meaningful labour market areas.

The research department at FPDSavills acts as a GIS consultancy to
other departments within the company. In this way GIS development is
driven by departmental demand. The following sections illustrate how GIS
is used for office location planning at FPDSavills.

Catchment area definition and analysis

Catchment areas are defined using journey times (peak and off peak drive-
times, walk times or simple distance radii) and are used to identify areas of
exclusive market catchment. The extent of a catchment area is dependent
on property type but once a catchment area has been defined then profiling
of data within it helps identify areas of strong market potential or ‘hot
spots’ as well as evaluate competition and performance of the subject
property (see Figure 7.10).

Key
® Business park
® Health club (open)
23 Health club (planned)

Catchments
- Primary catchment
- Secondary catchment
Tertiary catchment

Figure 7.10 Mapping the competition, catchment and key client targets.
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Typical analysis of a catchment area provides a preliminary view of
potential demand and supply within a specified catchment area. Drive-times
are also calculated for competitor locations so that catchment areas may
be defined and overlaid with one another to identify areas of exclusive
coverage and low competition. Demographic data within the catchment areas
can also be examined, including census data and neighbourhood population
profiles.

Customer profiling, investment performance measurement and
client specific reports

Customer profiling takes the form of standard demographic census mapping
and reports and CACI demographic ‘ACORN’ (A Classification Of
Residential Neighbourhoods) profile reports. Investment performance meas-
urement typically involves investment demand ranking. For example,
a client may be interested in constructing a residential property investment
portfolio and wishes to receive advice on the demographic profile of areas in
which potential investment opportunities are located. Scores are allocated to
postcodes using demographic data (young people for renting, for example)
then data points for residential investment opportunities can be overlaid.
This helps identify which investments are in high scoring locations.

An example of the sort of reports that are produced for specific client
requirements is the ‘pre-site check’ for valuation purposes. Council tax
bandings, demographic and other data are examined prior to a valuation as
an indication of whether a site visit is required. Increasingly, investment
surveyors require geographical analysis of property market data to support
their advice and agents require high quality presentation of data together
with market research to underpin their advice.

As well as subscribing to CACI data and services, FPDSavills are starting
to geo-reference their own property data such as annual office turnover (take-
up and supply). Because FPDSavills have a strong residential property focus,
Land Registry data are incorporated by postcode sector, together with coun-
cil tax data by local authority district and demographic data by enumeration
district. The EGi London Office Database provides workforce data. Other
data include planning and development information from suppliers like
Glenigan and various property-specific data such as the location of golf clubs
and health and leisure facilities. There are areal interpolation problems that
arise when integrating these data sets and Part III discusses these.

Office relocation analysis

This section describes a study undertaken at FPDSavills to assess the poten-
tial impact of office relocation on morning peak rush hour travel-to-work
times for staff at three office locations. For the purposes of this example,
these locations have been anonymised.
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Figure 7.11 Office location (X) and staff residences.

The first stage of the analysis was to define the overall geographical
extent within which the preferred relocation would lie. This was taken to
be the area from which the three existing offices can be reached. Two relo-
cation sites were chosen and the study sought to calculate the changes to
staff travel times as a result of relocation to each of these sites. The three
current office locations are Cherwick, Grayford and Breconsfield.
Travel-to-work drive-times were generated to represent the time it takes the
staff to travel to work during the peak morning rush hour. This includes
modelling areas of extreme congestion within the western M25 area and
tributary motorways.

The home addresses of the 223 employees were plotted (Figure 7.11)
based on full postcodes. The shading of the points represented the office to
which employees currently travel to work and the numbers provided in the
legend of the map indicate the number of employees in each office.
The crosses indicate the location of the current offices. Figure 7.12 provides
a closer view and excludes from the map those employees living outside the
local area (outliers).

Figures 7.13, 7.14 and 7.15 show 20-, 40- and 60-minute drive-time
bands to each of the existing offices during the peak morning rush hour.
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Figure 7.12 Office location and staff residences (excluding employees not
commuting from within the local area).
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Figure 7.13 The 20-, 40- and 60-minute peak drive-times to the Cherwick office.
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Figure 7.15 The 20-, 40- and 60-minute peak drive-times to the Grayford office.
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Figure 7.16 Existing morning peak travel-to-work times.

The locations of staff residences have also been superimposed onto the
map. Figure 7.16 summarises the percentages of staff located within the
drive-time bands of their respective offices. Breconsfield and Grayford both
had approximately 50 per cent of their staff within 20 minutes morning
peak drive of the office. This compared to 31 per cent for Cherwick
employees. The 41-60-minute drive-time band to the Cherwick office com-
prised the largest proportion of Cherwick employees at 31 per cent.
Breconsfield and Cherwick had over 18 per cent of their office staff spend-
ing more than 60 minutes travelling to work. Only 7 per cent of Grayford
employees lived more than an hour away from their current office.

Using the peak drive-times a composite catchment map was created
(Figure 7.17). The shaded areas show the locations from which each
office can be reached within 60 minutes. The dark shaded areas in the
centre of the map is where all three existing offices can be reached within
60 minutes. This has been identified as the preferred area for relocation.
The two relocation sites indicated by crosses on the map are close to or
within this preferred relocation area, in Sloughton and Blockworth. Figures
7.18 and 7.19 show 20-, 40- and 60-minute peak drive-times for the
two relocation sites. Again, the locations of staff residences have been
plotted on the map.

Assuming that all staff are relocated to a single office, Figure 7.20 shows
what the new morning peak travel-to-work times for each proposed loca-
tion would be. Overall travel-to-work time profiles for the two proposed
offices were very similar. Both new sites would increase average travel time
by 14-16 minutes, with three-quarters of staff travelling for between 21
and 60 minutes to get to work. Figure 7.21 breaks down these changes in
travel to work to show figures as an average time spent travelling to work.
The calculation of average travel to work per person per office is based on
10-minute bandings up to 90 minutes. Those staff travelling for 90 minutes
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Figure 7.17 Overlap between the three main offices of 1-hour peak drive-times.

or more are averaged at 120 minutes. Tables 7.1 and 7.2 show the changes
between bands of travel time in greater detail. The travel bands in the row
(reading across) represent the current travel to work time. The travel bands
in the column (reading down) represent the new travel-to-work time of the
new site location. For example, in the top section of the table (Sloughton) in
the first row is a Figure of 58. This is in the row 0-20 minutes and the
column 21-40 minutes. This means that 58 people currently travelling for
0-20 minutes to work would spend 21-40 minutes travelling if the new
office was located at the site in Sloughton. The figures highlighted in bold
are staff who have remained within the same travel-to-work time band.
The figures below the bold are those whose travel-to-work time has



M4 .
0 Drive times

Sloughton

- 20 minutes

40 minutes

60 minutes

Figure 7.18 The 20-, 40- and 60-minute peak drive-times to the proposed
Sloughton site.
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Figure 7.19 The 20-, 40- and 60-minute peak drive-times to the proposed
Blockworth site.
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Figure 7.20 Morning peak travel-to-work times for proposed offices.
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Figure 7.21 Average travel-to-work time.

Note
Travel time over 90 minutes is averaged at 120 minutes.

decreased and those above the bold have increased. Therefore the larger the
numbers to the top right represents a more negative impact on the travel-to-
work time and the larger the numbers to the bottom left the more positive
the impact.

The impact on travel-to-work time is as follows. Average travel-to-work
time for all staff is currently 33 minutes. Shortest average travel-to-work
time is for staff commuting to the Grayford office with 23 minutes.
Relocation to Sloughton site would mean an average travel-to-work time
for all staff of 49 minutes. The Grayford staff’s average travel time
would incur the largest increase (31 minutes), Breconsfield staff’s average
travel time would increase by 11 minutes while Cherwick’s would increase
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Table 7.1 Drive-time matrix of all staff to each site option within drive-time bands —

numbers
Current travel time 0-20 21-40 41-60 Owver 60 Grand
bands (minutes) total
Sloughton
0-20 3 58 35 3 929
21-40 7 10 29 11 57
41-60 2 N 16 8 31
Over 60 0 1 12 23 36
Grand total 12 74 92 45 223
Blockworth
Count of travel bands (Current)
0-20 3 29 64 3 99
21-40 3 21 23 10 57
41-60 2 19 6 4 31
Over 60 3 6 5 22 36
Grand total 11 75 98 39 223

Table 7.2 Drive-time distribution of all staff to each site option within drive-time
bands — percentages

Current travel time 0-20 21-40 41-60 Over 60 Grand
bands (minutes) total
Sloughton

0-20 1 26 16 1 44
21-40 3 4 13 S 26
41-60 1 2 7 4 14
Over 60 0 0 S 10 16
Grand total S 33 41 20 100
Blockworth

0-20 1 13 29 1 44
21-40 1 9 10 4 26
41-60 1 9 3 2 14
Over 60 1 3 2 10 16
Grand total 5 34 44 17 100

by 16 minutes. Of the 20 per cent who would have to travel for more than
60 minutes, 10 per cent would not have had to do so previously. Three-
quarters of the staff would travel for between 21 and 60 minutes to get to
work. Relocation to Blockworth site would mean an average travel-to-work
time for all staff would be 49 minutes and a significant increase in average
travel-to-work time for the Breconsfield office (up 19 minutes). The average
travel time would increase by 9 minutes and 10 minutes for the Cherwick



230 GIS applications in land and property management

and Grayford offices, respectively. Of the 17 per cent who would have to
travel for more than 60 minutes, only 7 per cent would not have done
so previously and a majority of staff, 78 per cent, would travel for between
21 and 60 minutes to get to work.

To summarise, overall travel-to-work time profiles for the two proposed
offices are very similar. Both new sites will increase average travel time by
14-16 minutes, with three-quarters of staff travelling for between 21 and
60 minutes to get to work. Blockworth would be the preferred option
for the Grayford office, increasing travel time by 10 minutes compared to
31 minutes for a move to Sloughton. Sloughton would be the preferred
option for the Breconsfield office with average trave