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In previous work, a range of modelling approaches for continuous simulation of spatial rainfall was developed and examined. A model for simulation of rainfall in continuous 

space and time was developed and tested using radar rainfall data, with promising performance, and is recommended for medium-term application. However, further development is required to represent spatial and temporal non-stationarity, and the full model can only be identified from radar data. Even relatively dense raingauge networks do not adequately define the full clustered structure of rain cells or storm velocity. 

Also in this previous work, alternative approaches were developed, to be compatible with currently-available raingauge data. Generalized Linear Models (GLMs) were shown to be a powerful tool for the representation of daily rainfall in space and time, and have the capability to represent both spatial and temporal non-stationarity. They can thus be used for analysis and simulation of, for example, topographic and other location effects on rainfall distribution and climate variability. However, for flood application, sub-daily spatial fields are needed. Hence the possibility of a combined methodology was considered, and a modelling framework for downscaling, or spatial-temporal disaggregation, was defined. 

In this project, further work has been done to develop the combined methodology. It is envisaged that model application would typically be based on data from a network of daily raingauges, perhaps with one or two sub-daily gauges (however, the procedure can, in principle, be based on simulation if necessary). The GLM can be fitted using the daily data, and used to interpolate missing data, define daily rainfall at additional locations, or extend the data series by simulation. Generation of long time-series is readily achieved. A simple multivariate model of hourly rainfall is used as the basis of the disaggregation procedure. This preserves the properties of the hourly spatial structure and is transformed to assimilate the daily values. A particular development has 

been the development of a scaling relationship, which holds for all intergauge distances, and relates the hourly to the daily cross-correlations. This can be used when the hourly 

cross-correlation structure is not known. 

Performance of the disaggregation scheme was tested for the Brue catchment, in south-west England, using the dense raingauge network established by the NERC HYREX progamme, and for two contrasting areas of the Blackwater (south-east England) and north-east Lancashire. For the Brue, it was possible to test the scheme for the ideal situation in which the hourly cross-correlation structure is known. A particular issue investigated was the effect of the threshold of 0.2mm associated with the finite size of raingauge tipping buckets. For comparability, this was also applied to the simulation results. Results were generally good across a wide range of performance measures, although hourly cross-correlations for summer were less well represented than for winter. The results were then compared with the more realistic situation in which it was assumed that only two sub-daily gauges were available. A scaling analysis was carried out, using the two gauges only, to support the disaggregation. Results were most encouraging, with very similar performance to the situation in which the full hourly cross-correlation structure was known. 

Results for the Blackwater and north-east Lancashire were also based on analysis of just two sub-daily gauges, and tested using a third sub-daily gauge. These comparisons were therefore much more limited due to the lack of sub-daily observation sites. Results were less good than for the Brue, as could be expected considering the greater separation of the gauges, but were plausible and encouraging. 

Previous work with the GLM had shown some theoretical limitations in the representation of spatial dependence of rainfall (in particular difficulties in representing the spatial occurrence of wide-spread rainfall), and hence new theoretical developments were investigated and implemented, to overcome this. A new dependence scheme was developed, based on use of the Beta-Binomial family of distributions to represent rainfall occurrence. Results from modelling the Blackwater and north-east Lancashire are reported in detail. Comparison of the observed and simulated distributions of numbers of wet sites were excellent for both, and it is concluded that the previously-identified limitations have been satisfactorily resolved. 

The results above present two important methodological developments to resolve issues associated with the use of generally-available raingauge data to support continuous 

simulation modelling of spatial rainfall at hourly resolution. Within the constraints of a 9 month study, it was not possible to go further, but next steps obviously should include a) study of the integrated performance of the GLM and disaggregation procedure, b)the use of single-site rainfall models in conjunction with the GLM for long-term simulation, and c) joint performance of rainfall and rainfall-runoff models, including, in particular, analysis of extreme value performance. 
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