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GRDC Region
South-eastern corner of the Murray-Darling Basin (MDB) - defined as the region bounded by 142°-148° East and 37.5°-34° South.
Abstract
This report presents results of a high-resolution dynamical downscaling study designed to produce projections of changes in extreme rainfall intensity for the southeast corner of the MDB that may arise due to anthropogenic climate change.  The results herein are presented in the form of maps however detailed model outputs (primary and derived fields) will be made available to other projects and stakeholder agencies upon request.
Significant research highlights, breakthroughs and snapshots

The results from these simulations suggest that longer duration events (e.g. 72-hour events) may show an initial increase in rainfall intensity by 2030, but by 2070 these events will predominantly produce smaller rainfall accumulations.  In contrast, short duration events (e.g. 2-hour events) are projected to increase in intensity with these increases occurring over most of the lower MDB.  Thus, when extreme rainfall events occur in the future they are likely to be characterised by more intense bursts of rainfall than currently occurs but with a total accumulation smaller than occurs in the current climate. 
Summary of methods and modifications (with reasons)

Climate change uncertainty is related to both uncertainty in the emission scenarios and uncertainty related to the choice of model.  In this project we have performed 2 sets of high resolution downscaled simulations designed to investigate the uncertainty related to the emissions scenarios.  

The Regional Atmospheric Modelling System (RAMS) has been used to dynamically downscale outputs from the CSIRO Conformal-Cubic Atmospheric Model (CCAM) (forced by the CSIRO Mk3.0 climate simulations) to a grid spacing of 5km.  RAMS is a high-resolution, compressible, non-hydrostatic model.  The physical processes represented by the model include an atmospheric boundary layer, soil and vegetation effects, long and short wave radiation, and the complex cloud processes that result in precipitation (ice, liquid and water vapour). It is a suitable tool for the simulation of extreme rainfall events and has previously been used to model the extreme rainfall events described in Abbs (1998) and McInnes et al. (2002).

The events chosen were extreme rainfall episodes affecting the MDB region south of 32oS and east of 140oE.  The “current” climate cases were downscaled initially and validated against observed extreme rainfall for the region.  Subsequently outputs from the A2 and A1B scenarios were downscaled for 40-year time slices centred on 2030 and 2070.  For each set of RCM-based downscaling simulations, the most intense 1-day and 3-day rainfall events were identified for the study region grid points, for the “1980” or “current” climate and the “2030” and “2070” climates.  The dates corresponding to these events were collated and individual events identified for downscaling.  The corresponding atmospheric output fields were then extracted and these outputs interpolated horizontally and vertically to the outer model grid of RAMS. Three levels of interactive grid nesting were used; the outer grid had a resolution of 48km with the middle and finest resolution grids having a horizontal grid spacing of 16 km and 4 km respectively.  The terrain used on all model grids was interpolated from the Geosciences Australia 9 second digital elevation model. The vegetation was obtained from a USGS 30 second dataset. The sea surface temperatures were interpolated from the RCM output.  The climate model output also provided the temporal forcing on the lateral boundaries of the outer model grid

The analyses also provide the temporal forcing on the lateral boundaries of the outer model grid.  The temporal forcing is applied by nudging the model solution at each model time step to the atmospheric fields provided by the analyses.  This nudging is stronger on the model boundaries than in the centre of the model domain.  In this way the model solution keeps track of the large-scale atmospheric while also developing its own fine-scale circulations that are a response to the orography, land-surface moisture and temperature and smaller scale atmospheric processes.  Each case was simulated from day (–2) to day (+2) and model fields archived with a 30-minute increment.  The shortest simulations cover a 96-hour period centred on the rainfall event but most simulations are of longer duration. The 30-minute rainfall output from the simulations has been used to define the 2, 12, 24, 48, 72 and 96-hour rainfall maxima for each event. The following analysis concentrates on the maximum rainfall falling within the 2, 24 and 72-hour periods.  Outputs for the other durations are available for further analysis if required.  

Approximately 300 events were simulated for the current climate timeslice and for the 2030 and 2070 timeslices for the A2 scenario with a model domain covering New South Wales and Victoria.  Due to the enormous computing requirements for these simulations the modelling methodology was revised for the A1B simulations and the model domain reduced to cover the southeastern corner of the MDB as defined above.  In addition a reduced number of events were model with approximately 100 extreme rainfall events modelled for the 2030 and 2070 timeslices.  In the following discussion the nomenclature, R-CC-A2 and R-CC-A1B refers to results from 4km results from the RAMS model nested in the respective CCAM outputs.  

Statement of results, their interpretation, and practical significance against each objective
Objective 1: Downscale general circulation model (GCM) projections to a grid spacing of 5km with outputs suitable for hydrological and other impacts models.
The model rainfall outputs from these simulations have been used to define the 2-hour, 24-hour and 72-hour rainfall maximum for each simulation.  Similar analyses are available for durations of 30-minutes, 1,3, 6, 12, and 48 hours but are not presented here. The model predicted maximum rainfall for the current climate is shown in Figure 1.
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:  Observed most extreme rainfall event for each location for the period 1960-1999, (b) the most extreme 24-hour rainfall event simulated from the population of current climate events
These results illustrate that the model is simulating the broad spatial distribution of extreme rainfall in the study region both in location and in intensity.  The modelled rainfall extremes in the western portion of the domain are too low but this is a reflection of the sampling method used to identify events to be downscaled.
Objective 2: Analyse the changed properties of extreme events. 
In the following section spatial changes in rainfall depth due to climate change are presented.  This analysis concentrates on the 20 most extreme events, at each model grid point, from each of the models for the current and future climates.  This corresponds (roughly) to extreme rainfall events with return periods of 1-in-40 years through to 1-in-2 years.  The analysis is performed for rainfall durations of 2, 24 and 72 hours.

For each model grid point, the rainfall accumulation from the high-resolution simulations has been sorted and ranked for the current climate experiment.  A similar analysis has been conducted for the future climate extreme rainfall events and the results from this analysis compared with the results for the current climate.  This analysis has been completed for the R-CC-A2 and R-CC-A1B simulations and the results combined with simulations (based on the A2 scenario) previously completed for this region and described in Abbs et al. (2006).  The average fractional change in extreme rainfall for the future climate, based on composite results for these 3 sets of simulations, is presented in Figure 2.
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: Average fractional change in 2hr, 24hr and 72 hr extreme rainfall events for 2030 and 2070 relative to 1980.  Results are based on the 20 most extreme events from each of 3 models and are indicative of extreme rainfall events with return periods of 1-in-40 years through to 1-in-2 years.  Also shown are consensus maps which provide a measure of agreement in the direction of change between each of the modelss.
For the 2030 time slice the models are projecting mostly decreases in extreme rainfall intensity for the southern areas of the study region.  The longer duration 24-hour and 72-hour events show a widespread region of increased extreme rainfall intensity of between 5 and 15%. Results for 2070 suggest that this region may contract in size with time and increased warming of the atmosphere, especially for the longer duration (i.e. 72-hour) events. On average the simulations project a region of decreased extreme rainfall intensity north of the Murrumbidgee River between Wagga Wagga and Hay.  The 2070 results suggest that this region of intensity decrease will increase spatially and that the intensity changes will decrease further with time, especially for the 72-hour events.

The short duration 2-hour events show much greater variability in projected intensity changes with regions of both large increases and decreases in intensity.  By 2070, increases in extreme rainfall intensity dominate with the projected regions of intensity decrease contracting spatially compared with 2030. Short duration events (e.g. 2-hour events) are projected to increase in intensity with these increases occurring over most of the lower MDB.  Thus, when extreme rainfall events occur in the future they are likely to be characterised by more intense bursts of rainfall than currently occurs but with a total accumulation smaller than occurs in the current climate. 
Summary of links to other projects

This project uses outputs from 

· Milestone 1.5.4: Dynamical downscaling of coupled model historical runs   and 

· Milestone 2.1.5b: Dynamical downscaling from climate change experiments.

· Detailed model outputs (primary and derived fields) will be made available to other projects and stakeholder agencies upon request.
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Project Milestone Reporting Table

	To be completed prior to commencing the project
	Completed at each Milestone date

	Milestone description1

(brief)

(up to 33% of project activity)
	Performance indicators2

(1- 3 dot points)
	Completion date3
xx/xx/xxxx
	Budget4 for Milestone

($) (SEACI contribution)
	Progress5
(1- 3 dot points)
	Recommended changes to workplan6
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	1. A2 scenario completed
	Outputs available for analysis and development of projections
	30/09/2007
	$35k
	Completed
	

	2. B1 scenario completed
	Outputs available for analysis and development of projections
	30/11/2007
	$35k
	Completed
	Now using A1B scenario



	3. Brief Analysis
	Documentation of the results and findings.
	30/12/2007
	$5k
	Completed
	


























