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The problem

Huge quantities of geo-spatial data now available for integrated catchment 
research :

• Topography; digital elevation models (ASTER, GDEM) ; channel networks; 
•Land cover and use ;
•Soils classification  (e.g. HOST);
•Hydrology  and climate  - discharge and rainfall records at point locations

Such data may have many projections, resolutions and extents.

How to combine these to produce geographically-meaningful input to integrated 
catchment models and retain their geo-spatial context in analysis and outputs?

Integration using standard GIS tools powerful but time-consuming and expensive 
(training & software)

Results  in proprietorial data formats difficult to integrate with other tools and to 
distribute and validate with catchment stakeholders 

Case study: integrating geo-spatial data within a hydrological model 

R implementation of semi-distributed Dynamic TOPMODEL (Beven and Freer 
2001)  

•Inputs: geo-referenced raster of catchment elevations and soil  types plus 
hydrological times series (precipitation, evapotranspiration)

•Outputs : simulated flows across desired time range, HSU storages and fluxes ; 
rasters of storage deficits and saturated areas. 

•Output presented using R; can be exported to Google Earth via KML
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Case study: estimation of catchment 
travel times and pollutant fluxes using a 
particle tracking approach

1.Obtain catchment DEM (raster) and Digital 
River Network (ESRI shape) from CEH 

2.“Seed” DEM with conceptual  “polluted” 
water particles taking fast overland or 
slower subsurface pathways

3.Route particles semi-randomly overland 
with weightings  derived from multi-
directional downslope flow algorithm 
(Quinn et al. 1991). Particles retain 
geographical context, spatial query allows  
estimation of time to intersect DRN. 
Integrate particle loads to obtain pollutant 
fluxes into channel reaches 

4. DRN converted to directed graph structure 
and  used to route particles to outlet with 
fixed wave velocity (beven 1979)

Conclusions and further developments

•Open source approach supported for 
implementation of established hydrological 
model. Prepare for release as CRAN package after 
testing, and calibration and validation of results

•Add solute transport to the model  - see Page et 
al. (2007) modelling Cl signal in upper Severn.

•Consider paths in ungauged subcatchments?

Our approach

Use raster processing and geo-spatial capabilities from the raster, sp and 
other libraries within the free, open-source R language and environment. 

Employ spatially-enabled databases (SQL Server, POSTGRES) for maintenance 
of large sets of environmental data 

Leverage familiar tools  such as Google Earth for visualisation of model results 

Emphasise open data exchange formats: KML, XML and ASCII text for 
distribution of model results to other specialists and catchment stakeholders 

Investigate transforms of raster data into structured, hierarchical data structures 
that maintain ge0-referencing information, for example Igraph
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