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The use of GIS in modeling accessibility and its impacts on
the growth of West London
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INTRODUCTION

The paper presents the results of a study that traces the emergence and evolution of London’s
metropolitan form from the second half of the 19th century to the present. A longitudinal land use
database, developed by digitizing high-resolution historical Ordnance Survey maps, is used to capture
the dynamics of regional accessibility and its impacts on the patterns of land use change. The
underlying goal of this research is to address a chronic weakness of urban modeling concerning
deficiencies in the quality of data used to build urban growth models (Longley and Mesev, 2000).
This goal is pursued by the development of a unique database that stretches the boundaries of
conventionally employed data in urban modeling along several dimensions related to spatial and
temporal resolution.

DATA AND METHODOLOGY

First, perhaps less unique but very important for the analysis of metropolitan form generation, is
the study area spatial extent which covers 200 sq km stretching from Hyde Park westward to the
edges of London’s Green Belt (Figure 1). This area was selected to explore a major axis of London’s
historic growth, covering one of the most dynamically evolving segments of London’s metropolitan
fabric.
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Figure 1: Study area
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Second, the study uses highly detailed historic Ordnance Survey (OS) maps at a scale of 1:2,000,
which allows the identification of a wide range of land use categories and building types with a high
level of spatial and interpretational accuracy. This presents a significant improvement in data
resolution compared to traditional land use and land cover databases derived from remotely sensed
(RS) imagery. While most land use change studies rely on RS data with a pixel resolution in the 10 to
30 m range (limited by the resolution of available historical satellite images), the fine-scale OS maps
allow the precise identification of over 60 land use classes and building types with an accurate
representation of parcel boundaries (Table 1). The systematic and consistent cartography of the OS
maps allows a precise classification of land uses with minimal problems related to data interpretation.
The use of parcel-based cells and a fine-grained lattice (25 by 25 m cells) in the project allows for a
more precise definition of land use interactions. It eliminates the problems associated with cell
heterogeneity encountered in models based on lower resolution data sources.

Land use classes

used in model digitized in GIS shown on OS maps
residential apartments low and mid-rise apartments
high-rise apartments high-rise apartments
cottage houses cottage houses
terrace houses terrace houses
mews mews
semi-detached houses semi-detached houses
small lot detached small lot detached houses
detached houses detached houses
lodges lodge, inn, hotel
commercial old fabric old fabric
general general
retail retail
entertainment public houses, cinemas
office office
institutional institutional public city hall, library, police station, post office, hospital
educational daycare, school, college, university
religious church, convent, rectory, priory, synagogue, temple
stadia stadia
industrial industrial works, mill, wharf, dock, depot, brewery, malthouse
utilities water works, gas works, sewer works
airports airports airports
parks parks parks, commons, greens
cemeteries cemeteries, burial grounds
recreation recreation golf course, recreation ground, playground
allotment gardens allotment gardens
nurseries nurseries
estates estates
vacant undeveloped undeveloped
farms farms
water water water
transportation roads roads

railway lines

rivers

railway lines

rivers

Table 1: Aggregation of land use classes
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A third unique feature of the database employed by this project is the extensive time coverage,
which spans the last 130 years of London’s urban growth. The developed data set includes time series
land use maps showing the evolution of metropolitan form in 20—year increments, starting from 1875
onwards (Figure 2). The time coverage of the project stands in marked contrast with conventional
urban modeling techniques, which rarely go back in time more than a decade or two. The unusually
long time horizon of this study (reaching the pre-urban era of the metropolitan periphery) allows to
trace the emergence and evolution of London’s suburban fabric from its incipient stages of
urbanization.

Figure 2: Land use growth patterns in Western London, 1875-2005

ANALYSIS

The high resolution of the data, the extensive longitudinal coverage, and the large areal extent of
the study area serve an important purpose. They allow the development of a model that reveals the
emergence of London’s metropolitan spatial structure as a result of myriad capillary changes that
have taken place on the level of individual parcels over the course of nearly one and a half centuries.
The application of a cellular automata model, used in this study, is viewed as particularly suitable to
capture such fine-grain local transformations of the built environment, demonstrating how local
action generates global patterns (Batty, 1997). Unlike conventional aggregative modeling techniques,



13™ AGILE International Conference on Geographic Information Science 2010 Page 4 of 8

Guimaraes, Portugal

CA-based models can handle high-resolution applications easily in conjunction with the precision of
high-quality data sets typically resident in GIS (White and Engelen, 2000).

Before the development of a model, the project analyzes the relationship between the identified
land use patterns and several factors deemed critical in the formation of the spatial structure of
metropolitan London, with a special emphasis placed on explorations of regional accessibility. Thus
the growth of the metropolitan periphery is analyzed in conjunction with: 1) distance to the
metropolitan center; 2) the evolution of the transportation network including roads, waterways,
railways, tramways, and underground lines and stations (traced using the same time scale and
increments as in the land use time series); and 3) distance to existing suburban centers/nuclei. Using
ArcGIS Spatial Analyst, a series of raster surfaces is generated to represent each one of these
parameters (e.g. distance to metropolitan center, distance to major road, etc.) with cell values based
on simple Euclidian distance. The dynamics of the spatial relationships between land use classes and
various types of accessibility measures are studied over the course of the study periods, highlighting
major historical trends. The analysis shows, for instance, that commercial and residential land uses
were most strongly dependent on access to railway stations (Figure 3)'. On the other hand,
commercial development in the study area was least sensitive to proximity to the metropolitan center
throughout the 1875-1935 period, whereas residential and industrial uses showed a higher level of
attraction to the metropolitan core (Figure 4).

100% > 100% /

80% 80%

609 60%

(]

40% 40%

20% 20% /

0% 0%
(=R = = = I = B = = = I = N = = = = I = I = | cCoCcoOQoCocCcoQoooOCcCoC
SO0 O0O000CCOMOSCS coccoooocoOoOmMoOocS
A NMFINORNREIONNS ST CFNMINONDNOONLNO O

SN N W;

Figure 3. Cummulative distribution of land uses by distance from railway stations in 1875 and 1895.

(red — commercial, orange — residential, gray — industrial, blue — institutional)
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Figure 4: Cummulative dostribution of land uses by distance from the metropolitan core in 1875 and

1895

: Figures 3 and 4 show only select samples of the analysis performed for all accessibility parameters
and for all study periods.
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After the analysis of the individual accessibility factors, a composite regional accessibility map is
generated combining the accessibility values of all of the above listed parameters (Figure 5). The
study demonstrates a strikingly strong relationship between the composite regional accessibility map
of 1875 and the patterns of urban development that took place in the subsequent decades, with the
overwhelming majority of land developed in the forty-year period between 1875 and 1915 falling in
areas characterized by high regional accessibility in 1875 (Figure 6).
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Figure 5: Composite regional accessibility map for 1875 based on distance to major roads, railway
stations, city centre, and suburban nuclei.

Figure 6: Land development 1875-1915 and regional accessibility in 1875
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The results from the analysis of the observed spatial relationships, performed in ArcGIS, are then
used to calibrate a CA urban growth model for all of the seven time periods (1875, 1895, 1915, 1935,
1960, 1985, and 2005). Besides the impact of accessibility discussed above, the CA model takes into
account the impact of neighborhood land use characteristics as a main determinant of cell state
transition. In addition, the model integrates the influence of policies related to the protection of parks
and open space, most significant of which is the adoption of a Green Belt around London in the early
1950s. The model thus utilizes the advantages of CA approaches for exploration of complex spatial
interactions between land use, accessibility, and public policies tracing the dynamic formation of
patterns of nucleation, diffusion, and conurbation within the metropolitan fabric (Couclelis, 2002).
Along with highlighting the importance of regional accessibility, the study illuminates the
significance of the pre-urban cadastre (agricultural land ownership patterns, system of country roads,
existing settlement structure) as major spatial determinants framing the subsequent patterns of urban
growth (Figure 7 and 8).

Figure 7: 1dentification of historical suburban clusters in 1875.
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Figure 8: Infrastructure from 1875 overlaid on map of 2005.

The documentation of land use changes on a parcel level allows not only to trace the
appropriation of agricultural and undeveloped land for urban functions, but to follow the processes of
urban redevelopment as parcels transition from one urban use to another. Thus the dynamics of
metropolitan growth are revealed not only as a process of spatial expansion into previously
undeveloped areas, but as a process of internal spatial reorganization of the built-up territories. Thus
the study tracks variations in the propensity of different parts of the metropolitan area to undergo
dynamic transformations at different times and with different rates.

CONCLUSIONS

The study demonstrates the compelling impact of accessibility on the formation of London’s
metropolitan growth patterns. It highlights the utility of urban modeling as a powerful method of not
just forecasting alternative future development scenarios but as a potent way of exploring the past —
an approach which can provide valuable insights into the determinant forces shaping urban growth
and assist the evaluation of theoretical assumptions.

The use of high-resolution data holds a promise for significant qualitative improvements in the
fidelity of representing urbanization patterns and processes in the modeling world. While the
availability of high-resolution historical data is still a rarity in most institutional contexts, this
situation is changing rapidly with the progress of the digital revolution. Since 2000, many satellite
systems offer RS data with an image resolution of 1m or even less. A tremendously accurate
repository of global land use changes is being compiled yet the opportunities for performing urban
analysis which would take advantage from such spatial accuracy are hugely underexplored. Urban
modelers are charged to apply forward thinking, which should not be confined by the limitations of
yesterday’s technology. The authors of this study strongly believe that improving the level of realism
in representing urban environments can lead not only to an enhanced comprehension of model design
and outcomes, but to an enhanced theoretical and empirical grounding of the entire field of urban
modeling.



13™ AGILE International Conference on Geographic Information Science 2010 Page 8 of 8
Guimaraes, Portugal

BIBLIOGRAPHY
Batty, M., 1997 Cellular automata and urban form: a primer, Journal of the American Planning
Association 63(2) pp266-274.

Couclelis, H., 2002 Modeling frameworks, paradigms, and approaches, in: Clarke, K.C., Parks, B.E.,
Crane, M.P. (eds.), Geographic Information Systems and Environmental Modeling, Longman
& Co, New York, pp. 36-50.

Longley, P.A. and Mesev V (2000) On the measurement and generalisation of urban form,
Environment and Planning A 32 pp473-488.

White R and Engelen G (2000) High-resolution integrated modelling of the spatial dynamics of urban
and regional systems, Computers, Environment and Urban Systems 24 pp383-400.

ACKNOWLEDGEMENTS

The project is funded by the European Commission’s Framework Programme 7 through a Marie
Curie fellowship.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


