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Modelling European population surfaces using a neuro-fuzzy approach.





As part of a Mediterranean Desertification And Land-Use Simulation (MEDALUS), socio-economic data are required at a detailed resolution for integration with physical-based models of land-use degradation.  The physical models developed in MEDALUS  I and II use data at a relatively detailed scale.  Thus, to integrate the coarser socio-economic data, which will be inputs to the integrated geographical model, an intelligent interpolation method is needed.  Various interpolation methods presently exist; these include: 1) uniform area estimation procedures, but these are unintelligent; 2) pycnophylactic (mass preserving) interpolation methods; however, these generally produce too smooth a surface and do not take localised heterogeneous population patterns into account; and 3) smarter interpolation approaches.  These smarter approaches essentially gravitate the uniform population densitites towards and away from the influence of additional geographical variables.  A more intelligent version of the “smart” approach has been implemented by Openshaw et al. (1997), using a neural network (NN). The NN model was based on learning the patterns between the location, distance from and density of various geographical features such as road density and nighttime light intensity.  Many of the variables, which appeared to be correlated with population density, were selected from the geocyberspace of possibilities based on human intuition. By formalising this selection procedure using fuzzy logic and the Geographical Explanation Machine (GEM) of Openshaw (1997), this NN modelling approach can be greatly enhanced to produce more intelligent estimates of socio-economic variables. Simple fuzzy logic models can be used to link existing input layers to create an additional population surface for input to the NN.  As well as improving the predictions produced by the NN model, the fuzzy layers may reduce the training times of the network, currently on the order of two weeks on a dedicated workstation.  The GEM can be used to help select which variables best ‘explain’ the population density pattern in different areas; this can be used to help develop ideas about variations in settlement patterns and select variables in attempts to optimise and further develop the NN models.





The paper presents a method for integrating the strengths of a fuzzy logic approach and the explanation capabilities of the GEM with the interpolation powers of a NN to create geographical population surfaces. The models are trained on a random selection of data for small areas in the UK, tested on the remaining UK data and further validated on data for Spain and Italy. The models are presently based purely on UK population patterns since relatively good census data is available for this area of Europe. The basic modelling assumptions were: 1) that data exists to enable the development of the model, and 2) that areas which have similar combinations of values in the input variables are expected to have similar population density. Further small scale population counts for other European regions can easily be incorporated into the modelling framework as they become available to decrease the uncertainty of European predictions.
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