
Introduction
While the definitions of scale and scaling are wide and varied, this project was concerned with
how best to represent processes (and their variability) known to occur at the point scale, in large-
scale catchment models. The difficulty in transferring small-scale process algorithms to large-scale
elements is a fundamental restriction to the ‘whole-of-catchment’ modelling that lies at the heart
of the CRC for Catchment Hydrology mission. This difficulty comes from two inter-related sources:
small-scale spatial and temporal variability, and the limited length and time scales associated
with what are generally non-linear runoff and contaminant processes.

Research focus
A common approach to up-scaling in catchment-scale models is to assume uniform conditions
within an element or timestep – i.e. that the processes and their variability can somehow be
represented by single ‘effective’ values. This project set out to address problems with this
approach by developing parameterisations for sub-element and sub-timestep variability that
reproduce the impacts of that variability in a tractable manner for large scale, long term
modelling. This was achieved through the development of functions that represent the distribution
of the variable (in either space or time) and process algorithms that can utilise these functions
(i.e. that can account for the non-linearities of the responses being modelled). Applications of
these approaches within CRC for Catchment Hydrology projects include land surface
representation methods in the Climate Variability Program and large-scale yield modelling in the
Land-use Impacts on Rivers Program. The methodologies developed in this project are applicable
to other modelling exercises and are being incorporated where appropriate within the
Catchment Modelling Toolkit.

Key outcomes
The key outcomes from this research fall into a number of categories:

Outcomes Related to Soil Moisture

• Collation and analysis of spatial soil moisture data sets for ‘probability density function’ (pdf)
properties – seven Australian catchments and six international catchments were analysed. This
included relating variance and skewness to wetness and recommending a best fit pdf model
for spatial soil moisture distributions, and resulted in a data set that has no international
precedent. 
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• Two international reviews of soil moisture and soil moisture scaling.

• Work on the use of pedo-transfer approaches for soil water storage estimation at large scales

Modelling Developments

• Development of a method for generating spatio-temporal patterns of soil moisture based on
combining features of deterministic patterns (from terrain analysis or soils or vegetation maps)
using weightings that are dependent on catchment average moisture state. The concepts that
underlie the work have general application outside the realm of the CRC.

• Testing of methods for comparing simulated and observed spatial patterns in models. Software
was produced to undertake pattern comparisons using a number of environments. These
routines are being rewritten and enhanced in the software development framework TIME (The
Invisible Modelling Environment – see www.toolkit.net.au/time) to become part of the Toolkit,
and will form the basis of a terrain analysis library with features and functions previously
unavailable to the research community.

• Development of a method to provide sub-grid patterns of depth to water table and surface
discharge of groundwater for use in models using coarse computational elements. The work
was specifically used with the FLOWTUBE model, and offers a method for improving the
application of this model across salt affected areas of Australia.

• Advances in distributed modelling and terrain analysis including assessing the need for spatial
details of rainfall patterns in modelling, development of sub-grid algorithms for runoff
generation, computation of the Quasi-dynamic wetness index that overcomes computational
problems with multiple flow direction algorithms often applied to gridded Digital Elevation
Models (DEMs), and development of the Multi-Resolution Valley Bottom Flatness index
(MRVBF).

• Methods for sub-time step representation of precipitation characteristics for application in
runoff and erosion modelling.

• An extensive numerical simulation experiment was also undertaken, based on the Kyeamba
Creek catchment and the Murrumbidgee basin in New South Wales. The intention was to
document the effects of different methods and scales for representing variability in soils,
vegetation and precipitation. The outcomes are used to provide advice on these methods:
when to use what method depending on the question being asked and model type being used
and also to indicate the relative sensitivities of these methods to variability in soils, vegetation
and precipitation. This has direct application in the improved model selection for whole-of-
catchment prediction, and is being completed in the CRC’s Climate Variability research
Program’s activities (2003-2006).

Contributions to the Catchment Modelling Toolkit

• Pattern comparison software

• Generation routines for patterns

• Enhanced terrain analysis including terrain and moisture metrics such as the QDWI, MRVBF,
and LOWNESS

• Several sub-grid variability approaches that will be incorporated into other modelling.

Outputs
The international profile and credibility of this work has been highlighted through a wide range
of research communication and adoption pathways. In addition to production of a text book, the
significant contribution of the CRC for Catchment Hydrology in this area has been reflected in
seven book chapters, at least twelve papers in journals that include Water Resources Research,
the Journal of Hydrology and Hydrological Processes, and over ten conference publications.
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Primary authors of this work to contact for further details are Grayson, R.B., Western, A.W,
Kandel, D.D., Chirico, G.B., and Wilson, D.J. (keyword search: Scaling, Soil Moisture, Pattern
Comparison).

The ‘Scaling Procedures to Support Process-Based Modelling at Large Scales’ Project gratefully
acknowledges the contributions to this work made by Prof. Günter Blöschl (University of
Technology, Vienna), Prof. Thomas Thierfelder (Swedish University of Agricultural Sciences), Dr
John Gallant (CSIRO, Australia) and international colleagues involved in GEWEX projects
(Global Energy and Water Experiment; see www.gewex.org).
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