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INTRODUCTION 

Hydrological transport models provide mathematical formulations of water ecosystems, designed to simulate 
hydrodynamic and water quality variations in a water body subject to external factors. They are a vital tool in 
understanding and improving the health of water ecosystems. However, there are significant barriers that 
prevent the sharing and re-use of the modelling software and results. Barriers include: the volume of data 
involved, the complexity of the software that executes the models, the time involved and computational 
demands of model execution. In this paper, we describe a Web-based repository that we have developed to 
provide high-speed, interactive access to hydrological models through online simulations. By adopting open 
standards for describing, representing and storing the models and an open-source geospatial platform for 
streaming the animated model results, we enable previously inaccessible models and datasets to be made 
available for exploration and re-use by a wide audience. We demonstrate our system in terms of the Receiving 
Water Quality Model (RWQM2), which was developed for Moreton Bay in South East Queensland.  

OBJECTIVES 

Typically both the models and results from hydrological modelling of scenarios are stored in proprietary 
formats (determined by the software used to develop them), are not accessible to non-modellers and results 
are presented as static tables, graphs, or bar charts showing predicted values for water quality constituents [1]. 
This approach to disseminating results does not support access to or re-use of the data underpinning the 
graphics or enable interactive exploration of the models or data by non-modelling stakeholders. Although 
there have been some recent efforts to provide greater access to hydrological models, none of the existing 
systems is based on open standards, use open source software or provide dynamic interactive access to users 
with no modelling experience. The USGS Surface Water and Water Quality Models Information Clearinghouse 
(SMIC) [2], the Register of Ecological Models [3] and the Community Surface Dynamics Modelling System [4] 
provide directories for potential users of models. However users need to download and install the models and 
then tailor them for their own particular situation/region. Recently the USGS SPARROW Decision Support 
System developed a Web-based user-interface to models for different US regions and water constituents [5], 
but it is based on Oracle products (MapViewer, spatial and database) and does not support animation of 
model outputs. Our objective is to support the storage and indexing of modelling data using open 
standards, so that users with little or no modelling experience can quickly and easily select 
scenarios and visualise model results as interactive animations through a Web browser.  

SYSTEM COMPONENTS 

To satisfy the objectives above we developed the following components (illustrated in Figures 1 and 2): 

 A data model/metadata schema for describing, indexing, searching and retrieving the models, scenarios 
and associated results (and which also captures provenance information); 

 Conversion software that converts proprietary model outputs into standardised formats and stores them 
in a PostGIS-enabled PostgreSQL database where they are indexed both spatially and temporally; 

 A Web browser-based graphical user interface, based on the open source Geostack [6] that allows users to 
interactively select scenarios and to retrieve the results as streamed geospatial animations.  

  
            Fig. 1: Pre-processing and storage of RWQM2 results    Fig. 2: Technical architecture for the model repository 
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USER INTERFACE 

Figure 3 below shows a screenshot of the browser-based user interface for selecting scenarios and viewing 
water quality model results [7]. On the left hand side is the map panel that displays a base layer of the 
catchments in SE Qld plus controls for panning and zooming over the map layers. On the right hand side is the 
scenario selection panel that enables users to browse model scenarios, view metadata such as model input 
parameters (time span, population, water treatment, and urban/rural diffuse load mitigation levels) and 
choose the water quality constituent to be displayed. After selecting the scenario, the map is overlaid with a 
coloured contour plot for the chosen water quality constituent (e.g., oxidised nitrogen) and water velocity 
vectors. In addition, a legend and an animation control (for adjusting speed and toggling the water quality and 
velocity layers) are displayed under the parameter selection menu. 

 

 

     Fig. 3: User interface for selecting and viewing model scenarios            Fig. 4: Chlorophyll a graph for a point on the map 

Users can also stop the animation, click on a point on the map and generate time-series chart for water quality 
attributes at that location (Fig 4). In addition, bathymetry data and Google Earth animations (KML files that 
display water quality contours for a selected constituent over time) are available. For users wishing to view 
model results offline, or for those without broadband connections, there is the option to download a 
compressed KMZ file embedding all time-series images for a selected scenario and constituent.  

DISCUSSION AND EVALUATION 

The design of the PostgreSQL database in conjunction with PostGIS indexing, GeoServer, and GeoWebCache 
deliver significant advantages in terms of the retrieval of modelling results, allowing layers to be streamed in 
real-time to the Web browser. Latency is negligible due to images being pre-computed and cached on the 
server; and transfer times are minimised through the use of compressed PNG images. 

Although the modeling results are cached in advance, user feedback indicates that the current interface gives 
users the perception of running models and hence enables them to compare different scenarios and make 
management action decisions. Moreover the ability to pan, zoom and animate results and to display 
constituent trend graphs for any location in real-time provides insights into the precise impact of different 
management actions on specific water quality parameters.  

Future plans include extending the existing system to support 3D hydrological models, communicating 
uncertainty measures associated with modelling results and utilising cloud computing (the NeCTAR cloud) to 
further accelerate data processing. 
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