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ABSTRACT





Population data are conventionally published and mapped in relation to specific geographical zones, which may vary widely in shape, population size and geographical extent (Barr, 1993; Dorling, 1994).  A range of methods have been proposed for the construction of surface models from population data which, although they cannot provide more locational information than the input data, may offer important advantages for spatial analysis and mapping particularly using GIS (see for example: Tobler, 1979; Goodchild et al., 1993; Langford and Unwin, 1994).  Methods for surface construction tend to vary in detail according to the nature of the available input information.  One such method, originally described by Martin (1989) and Bracken and Martin (1989) for the redistribution of population counts from zone centroids into the cells of a regular grid, has seen considerable use in the UK for modelling of small area statistics (SAS) from the 1981 and 1991 censuses.  An online database of modelled surfaces for England, Wales and Scotland was produced using this approach by Bracken and Martin (1995), and has been available to registered census users of Manchester Information, Datasets and Associated Services (MIDAS) since 1994.





The particular method for population surface construction used here assumes the provision of population data for irregularly sized and shaped areal units for which population-weighted centroid locations are available, such as the census enumeration districts (EDs) produced for the UK.  Each centroid is thus a local summary point for a small part of the population distribution. The count of population associated with each centroid is in reality distributed across space according to an unknown empirical distribution around the point location.  Surface construction proceeds by visiting each centroid in turn, and redistributing the population count at the point location into the cells of an output grid, attempting to reconstruct the most probable distribution of population which would have led to the known sizes and placements of zone centroids.  The nature of the unknown local population distribution is thus estimated in order to provide a locally adaptive kernel for estimation.  A broader discussion of techniques of this kind which may be applied to zone-based data is given by Bailey and Gatrell (1995).  In our approach, a kernel of an initial standard with is centred over each centroid in turn, and cells in the output grid are assigned weightings with respect to that centroid, according to a specific distance decay function.





This paper reports work undertaken as part of an ESRC-funded project to extend the 1991 census surface models to Northern Ireland. As part of this project, the SURPOP access software provided at MIDAS has been entirely rewritten, and a new World Wide Web (WWW) interface constructed, which is now accessible at http://census.ac.uk/cdu/surpop/  Any user may browse the ancillary information provided on this site, including details of the modelling process, variables included, output file formats and previous applications.  Registered users of the various UK census datasets may specify immediate downloads of the surface data by File Transfer Protocol (FTP).





The focus of this paper is upon the evaluation of two extensions to the standard surface construction approach. The first incorporates the use of an empirically-determined local kernel size for data redistribution, and the second makes use of a directionally-sensitive kernel function.  A major obstacle to the evaluation of models of detailed population geography is the absence of any definitive empirical data concerning the actual distribution of population.  Robinson and Zubrow (1997) evaluate four different surface construction algorithms by decomposing and attempting to reconstruct synthetic surfaces with various characteristics.  Unfortunately, it is very difficult to devise simulations which adequately reproduce the range of characteristics found in empirical population distributions.  In this work, we have attempted to compare our modelled population distributions with several alternative sources of population information which are available for Northern Ireland.  These consist of data derived from the census itself,  unit postcode locations,  and information on urban extent derived both from classified satellite imagery and the CORINE land cover dataset. 





A unique feature of the census in Northern Ireland distinct from the rest of the U.K. is the availability of specially commissioned census SAS for regular grid squares down to a resolution of 100m.  These data can be prepared in response to user requests by the census office, but attract a charge per square, and squares containing below-threshold populations are suppressed in order to preserve census confidentiality.  The surface models are derived from published above-threshold data, and therefore do not suffer from this problem, although dispersed populations will be located with considerably less precision.  Nevertheless, the availability of grid square data permits the evaluation of the surface model estimates against the true counts for a sample of carefully selected grid squares.





Centroid data from unit postcodes can also be used to construct a higher resolution population surface for comparison with surfaces derived from ED centroids, but in Northern Ireland only urban postcode locations are available with sufficient precision to be useful in this context. Information on the extent of residential land cover can also be obtained from high resolution satellite imagery.  For this comparison data from two sources was used: first, a LANDSAT TM image at 30 m resolution was available for the western part of Northern Ireland, and second, categories of urban land cover derived from the CORINE land cover dataset were available for comparison at a resolution of 25 ha.  





Simple comparisons were made between on the one hand the three population surface models, and the three alternative sources of population data on the other.  A modified confusion (or error) matrix allows the evaluation of the extensions to the standard surface construction approach, if we assume that the alternative sources of  population information available are of greater accuracy.  While this is clearly the case for the census SAS for regular grid squares,  the comparison with remotely sensed data and CORINE data relies on the strength of the initial classifications, and the latter data is clearly unsuitable for small areas <25 ha.





ACKNOWLEDGEMENT





The authors gratefully acknowledge the support of Economic and Social Research Council award R000222045 and the assistance of Jason Sadler.





REFERENCES





Bailey T C, Gatrell A C, 1995, Interactive spatial data analysis (Longman, Harlow) 





Barr R, 1993, “Mapping and spatial analysis” In The 1991 census user’s guide Eds A Dale, C Marsh (HMSO, London) pp 248-268





Bracken I, Martin D, 1989, “The generation of spatial population distributions from census centroid data” Environment and Planning A 21 537-43





Bracken I, Martin D, 1995, “Linkage of the 1981 and 1991 Censuses using surface modelling concepts” Environment and Planning A 27 379-90





Dorling D, 1993, “Map design for census mapping” Cartographic Journal 30 167-183





Goodchild M F, Anselin L, Deichmann U, 1993, “A framework for the areal interpolation of socioeconomic data” Environment and Planning A 25 383-397





Langford M, Unwin D J, 1994, “Generating and mapping population density surfaces within a geographical information system” Cartographic Journal 31 21-26





Martin D, 1989, “Mapping population data from zone centroid locations” Transactions of the Institute of British Geographers NS 14 90-97





Robinson J M, Zubrow E, 1997, “Restoring continuity: exploration of techniques for reconstructing the spatial distribution underlying polygonized data” International Journal of Geographical Information Systems 11 (7), 633-648





Tobler W R, 1979, “Smooth pycnophylactic interpolation for geographical regions” Journal of the American Statistical Association 74 519-530





